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Covid-19 Impact Statement 

Due to the impact of Covid-19, the research plan and thesis submission for this research had 

to change from the original planning. This includes the scope and focus of the original 

research project, experimental design, and data collection plan. The impacts are listed 

below: 

1. Scope of original research project: 

In Chapter 3 of this thesis, a user questionnaire survey was conducted. In the research plan, 

the scope of the research should have been determined through the results of a user survey, 

combined with the research related to wayfinding in academic environments from the 

literature review. As a result, user surveys showed that users have similar probabilities of 

getting lost outdoors/indoors on campus (60.64% and 69.97%, respectively). At the same 

time, the literature review also showed that users tend to feel stressed when looking for a 

specific room (Chao, 2016). Therefore, the initial research hoped to focus on how the 

campus digital map presents the spatial layout of the building, including exterior and interior 

layouts. However, the widespread spread of Covid-19 caused the temporary closure of most 

facilities while the research was underway. This research therefore needed to consider the 

possibility that case studies in indoor situations would not be possible. From this, the 

research turned to consider the impact and solutions of factors such as map information 

design, navigation and positioning on outdoor wayfinding in academic environments. 

2. Experimental design 

In Experiment II of this thesis, when selecting the starting point and end point of each task 

for user testing, the researcher initially considered choosing the most efficient (shortest 

time-consuming) route between the two points that needs to pass through indoor locations: 

Go to the Worsley Building via the Irene Manton Building. Such location selection woul 

satisfy the previously investigated problems of wayfinding in academic environments, 

including outdoor wayfinding, and indoor wayfinding to specific rooms. However, the 

temporary closure of campus facilities due to Covid-19 has made such experiments 



ii 
 

 

impossible. In order to deal with this problem, this research focused the experiment on the 

three wayfinding tasks of users, abandoning focusing on "in-depth analysis of the discovered 

problems". Instead, user testing was conducted to observe and analyse the performance of 

participants in three wayfinding tasks to obtain the limitations of the use of digital maps in 

the campus environment. 

3. Data collection plan 

The Covid-19 pandemic affected data collection for Experiment II and Experiment III 

respectively. In Experiment II, the effects were more driven by the personal reasons of the 

recruited participants: many were unwilling to be in close physical contact with a researcher, 

even in an outdoor setting. To deal with this, the researcher made sure to adhere to safety 

measures before the experiment such as wearing masks and maintaining distance from 

participants while observing wayfinding behaviour. In the end, 13 participants agreed to join 

the test (one of them had final data invalidated because the participant was unable to 

complete the task). The biggest factor affecting the data collection in Experiment III was the 

researcher. After unfortunately being infected with Covid-19 three times in a row, the 

researcher's physical condition was affected, specifically reflected in a decrease in physical 

strength. Therefore, the wayfinding time of 40 minutes like in the quest task of Experiment II 

became a huge challenge for the researcher to follow and observe the participants. In order 

to deal with this problem, and based on the requirement that wayfinding in academic 

environments often needs to be completed within a limited time, a time limit was added to 

the task planning stage of Experiment III. At the same time, the test frequency was reduced, 

and the experimental period was increased, allowing the researcher to have enough rest 

time to meet the adequacy of observation and recording of each participant. 
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Abstract 

Maps are an important tool for people to find help when finding their way. The development 

of the Internet, the use of Global Positioning System (GPS) and people's daily use of mobile 

devices have made digital maps almost a necessary aid for wayfinding activities. However, 

current interactive digital map design greatly rely on GPS for automatic positioning and 

navigation; when positioning is wrong or navigation is ineffective, people need map 

information to reposition themselves in their environments. Creating better design 

representations of map information that meet users' needs for self-orientation and 

navigation requires user-centred design approach. 

Campus universities are in many cases a collection of multi-functional buildings in a city, and 

campus users work and live on campus on a daily basis. Studying the use of digital maps in 

academic settings can identify people's wayfinding issues in similar situations, and study the 

limitations and improvements of digital maps, thereby improving people's wayfinding 

experience in similar environments (universities, areas of complex buildings, cities). 

However, the current design, usage and development prospects in this field are largely 

unexplored. To tackle this problem and contribute to knowledge in this area of research, first 

a literature review was conducted to define research-based design principles applicable to 

campus digital maps. Second, data on the use of campus maps was collected from a large 

number of British academic institutions, to conduct usability analysis based on design 

principles. Current campus wayfinding and navigation was found to mostly rely on digital 

maps with external links, with deficiencies in the information design of campus digital maps 

defined. Following this, a series of research activities were then initiated to identify campus 

user needs for the use of digital map wayfinding in academic settings. An online 

questionnaire collected user experiences of wayfinding on campus, their opinions on digital 

maps, and on campus digital maps. A user test of three types of wayfinding tasks based on 

different wayfinding purposes was held to explore the limitations of using digital maps and 

the deficiencies of information design in academic environments. The results show that 

three factors - environmental complexity, map navigation efficiency, and user wayfinding 
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purpose - are considered important for the information design of digital maps. Solutions that 

focus on these factors were designed and iterated based on user testing and feedback, and 

these resulted in convincing and applicable design results. Finally, through the literature 

review and the conclusions of this research, design principles of campus digital maps were 

established. 

Overall, the research conducted shows that following a user-centred methodology to 

observe and record participants' wayfinding behaviour: a) can directly impact the research 

process and results; b) can generate research questions for in-depth study; c) can obtain 

participants' creative contributions to the research that meet user needs and expectations; 

d) and can generate more convincing design results. This methodology has high potential to 

improve the effectiveness and persuasiveness of design solutions. The practical results of 

this thesis include: a) organising and summarising the existing research on wayfinding 

systems and map design, so that future related research can obtain valuable references; b) 

studying the limitations of use of digital maps in complex building environment and obtain 

map information improvement plans; c) providing a complete and convincing user testing 

approach that incorporates both qualitative and quantitative data for how maps are 

designed and evaluated; d) user-centred research approaches demonstrate the importance 

of user participation in improving and testing campus digital maps using existing design 

theories and principles; e) The design principles established by this thesis also enrich 

knowledge in the field of map design and will provide valuable insights and references for 

researchers and map designers in future approaches and design practices. 
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1. Introduction 

1.1. Context 

When beginning the research of “wayfinding”, a clear definition is first needed. The Oxford 

English Dictionary (2015) defines this term as “The act of finding one's way to a particular 

place; navigation”. Wayfinding behaviour has been around since humans began exploring 

the world around them. People visualise their surrounding environment by constructing 

cognitive maps in their brains and use spatial cognitive memory to assist wayfinding when 

moving in an environment (Lynch, 1960; Tversky, 1993; Mcfarland, 2014). Today, humans 

carry out wayfinding tasks for different purposes in their daily lives. This may be commuting 

in a familiar environment, exploring an area, or heading to a specific destination. Allen 

(1999) divided these tasks into three categories: commute, explore and quest. When 

completing these tasks, a well-designed wayfinding system based on information design 

principles can help people judge the surrounding environment and destination faster and 

more accurately. Wayfinding is so important in our daily lives that it begins as soon as 

humans move through physical space. Wayfinding has also become more complex due to 

the complexity of the environments we now live in (cities) and work/explore (buildings and 

external environments). People either commute in familiar areas, travel to unfamiliar places 

for various reasons, or explore surrounding areas (Allen, 1999). These wayfinding behaviours 

require people to construct a map in their minds to perceive the environment (Mcfarland, 

2014). However, the scope of human vision limits our understanding of the spatial layout of 

the entire area. At the same time, even in an environment where a cognitive map has been 

constructed, that is, a familiar environment, there may be errors in the cognitive map due to 

memory limitations, thus affecting the understanding of the entire space (Tversky, 1993). 

Well-designed maps which follow information design principles, meet user needs, can 

improve user wayfinding efficiency (reduce wayfinding time and errors), and can show 

spatial layout are a good tool to reduce the complexity of wayfinding. 

As a significant type of information design to assist wayfinding, maps containing real-world 

environmental information can help people understand the overall layout and spatial 
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location of the entire environment (Pollett and Haskell, 1979). It is a symbolic image that 

selects the visual characteristics of geographical reality (The International Cartographic 

Association, 2003). Cartography, which represents geographical areas using maps, began to 

be recognised at the end of the 19th century and the beginning of the 20th century, and 

attempts were made to establish theoretical principles (Kent and Vujakovic, 2018). Its 

exploration and research covers multi-disciplinary content, such as information design, art, 

technology, humanities, etc.; for example, Burroughs (1995) explored the character 

positioning in Michelangelo's Last Judgment in the field of art and humanities and the 

correspondence with the Roman terrain; Conley (2011) explored the connection between 

the division of national space by maps and the development of early modern French 

literature from the perspective of literary development. Designers tend to explore 

innovations in map form and content by examining the purpose of using maps and user 

expectations. Geographers emphasise the representation of territory elements and terrain 

on maps; sociologists focus on maps and social consciousness in the context of nationalism 

relationship. The research of cartography is flourishing, and while studies of culture, society, 

and art are stimulating, maps should not be divorced from their form and function. When 

using maps for wayfinding in modern complex cities/buildings, we need to pay more 

attention to the map’s expression of geographical reality and the user’s receiving ability: for 

example, focusing on the user's visual perception, that is, the user's ability to receive map 

symbols and map information (Wood, 1968; Treisman, 1985; Fabrikant et al., 2010); the 

impact of user cognition (e.g. experience and knowledge) on map reading (MacEachren, 

1995); discussions on map visualisation and representation (Buisseret, 1992; MacEachren, 

1995; Papadias and Theodoridis, 1997; Tyner, 2014). The user's ability to understand map 

information is so important. Rather than its artistic expression, its functional definition 

needs to start from the user's perspective.  

Therefore, this thesis focuses on relevant research theories on the design principles and 

functions of maps which consistent with wayfinding behaviour, and explores the research 

and development of map design applicable to cities (including building complex, block 

divisions, and terrain) where most people live in daily life, and discusses changes in map 
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form and dominant medium usage today.  

Beginning in the 1960s, the emergence of geographic information systems (GIS) brought 

more possibilities to maps. Its development gives people the ability to use computer systems 

to store and process geographic data, and provides the functionality to create, develop, and 

update global map databases (Kent and Vujakovic, 2018). The real-time visual representation 

of the global geographical environment through satellites and the collection of data 

provided by a large number of volunteers make mapping no longer a technology solely 

controlled by cartographers. For example, Google Maps offers a route drawing feature that 

allows users to add missing roads to the map. The dominant medium of maps has gained 

more possibilities from traditional paper, and the research and design of digital maps have 

received attention (Fabrikant et al., 2010; Kent and Vujakovic, 2018). With decades of 

development, maps on the Internet have entered a mature stage: in contemporary people's 

lives, digital maps are as commonly used as paper maps and are everywhere (Kent and 

Vujakovic, 2018). The widespread use of the Global Positioning System (GPS) allows users to 

locate their position in the environment in real-time when using digital maps. Using screens 

(such as mobile phones, tablets, personal computers, large rolling screens in public places) 

as communication media, digital maps relying on Internet technology have more interactive 

functions than printed maps. Based on this property, recognition of the importance of map 

users has been one of the hallmarks of cartography (Montello, 2002). 

Depending on needs and expectations, maps take on different visual presentation forms and 

purposes. Kent and Vujakovic (2018) classified Internet maps into location-based service 

maps, narrative maps, persuasive maps, etc., and admitted that Internet maps and printed 

maps have the same goals - to communicate. While digital maps have grown technologically 

and distanced themselves greatly from printed maps - such as the ability to switch 

information by clicking on a touch screen - the most fundamental thing remains the map 

itself. The visual information of a map still cannot be separated from its basic function: to 

extract features of geographical reality and design it into a symbolic image that reflects 

spatial relationships (The International Cartographic Association, 2003). Although "the 

aesthetic is extremely flat" (Kent and Vujakovic, 2018, p385), the interface design of digital 
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maps is still worthy of development: paper maps and digital maps also provide a purposeful 

summary of visual information in space. In complex urban environments, they have the 

same focus on visual elements, such as the arrangement of buildings, regional layout, road 

distribution in the city. As Kent and Vujakovic (2018) suggest, a map is characterised by its 

communication objectives rather than the medium. Before focusing on the interactivity of 

the digital map, the visual information content it displays is the map’s visual representation 

of the real environment. Therefore, when discussing the design principles of digital maps, 

related research on printed maps can also be relevant, and is considered in the context of 

this thesis. Likewise, the characteristics of printed maps can also be taken into account when 

testing digital map performance and, in particular, the impact of research on information 

design on digital map performance. 

This research explores the use of digital maps in academic environments. Wayfinding in 

universities is a simple reflection of urban wayfinding: universities are where students, 

faculty, and scholars work, study, and live. The research of campus maps contributes to the 

study of modern urban area maps with similar complex environments. Finding their way in 

the campus environment has become a daily behaviour for universities’ users. Existing 

research on wayfinding in academic environments is very limited, mostly focusing on indoor 

wayfinding systems such as libraries (Barclay, 2012; Li and Klippel, 2012; Mandel, 2013), as 

well as on campus wayfinding behaviour: Scott-Webber et al. (2000) discussed the 

difficulties and challenges of wayfinding indoors for student groups; Bishop (2011) 

investigated how people perform when wayfinding systems are ineffective; Kanakri et al. 

(2016) focused on the emotional impact of wayfinding when time is limited in a campus 

environment. Although these studies are not related to digital map information design, their 

findings have given this thesis valuable theoretical support: an early understanding of 

people's wayfinding behaviour and the problems encountered in wayfinding in academic 

environments. The data on wayfinding behaviour and problems in academic environments 

provided the basis for designing the content of the questionnaire to understand digital map 

usage in academic settings. Current research on campus digital maps also includes 

application development. For example, Basri et al. (2020) used Open Street Map to build a 
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campus digital map, but focused more on the development process rather than map 

information design. Roth et al. (2009) shared two interactive digital maps of the same 

campus and pointed out that even if they describe the same geographical environment, the 

different purposes will cause the maps to present completely different visual effects. There 

are more studies on the development of campus digital map applications (Mantoro et al., 

2009; Wu et al., 2016; Zhang et al., 2019). Currently, there is a lack of research on the 

information design based on design principles of the campus digital map itself. In this thesis, 

in order to understand the design and use of digital campus maps today, campus digital 

maps were found and analysed for academic institutions recognised by the British 

government (see Section 3.2 for details). The conclusions obtained provide a great 

opportunity for this thesis: to investigate the use of digital maps for wayfinding in academic 

environments, and to improve the information design of campus digital maps by combining 

the conclusions with information design principles. 

Maps are tools for human use, and their necessity and level of demand need to be 

determined by the target users. This thesis therefore established a user-centred approach to 

the whole research, which involves four stages of the research process: 

1. Theoretical support: Understand the principles and theories of campus digital map 

design, and relevant knowledge of human wayfinding behaviour; 

2. Existing deficiencies: Find possible problems with existing campus digital maps and 

wayfinding problems in academic settings; 

3. User needs: Discover the limitations of people using digital maps to find their way in 

academic environments; 

4. Design improvements: Propose solutions to these problems and limitations. 

Therefore, several experiments were conducted according to specific purposes during the 

stages of the research process involving user participation: "existing deficiencies" were 

obtained through questionnaires, and user tests were carried out to propose map design 

limitations through "user needs". While in the “design improvements” stage, user testing 

was used to evaluate the solution. The user-centred research approach adopted in this 
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research always maintains the importance of users to map design (Montello, 2002). 

Therefore, this thesis explores the potential of information design and map design based on 

user needs to improve the effectiveness of map information reading and the wayfinding 

function of maps - measured by user feedback on using the map (user opinions and 

wayfinding behaviour) and wayfinding tasks success rate/wayfinding time. The findings of 

the thesis and the literature review of related research are used to create design principles 

for campus digital maps, aiming to provide valuable advice to researchers and designers who 

focus on information design of campus digital maps, and maps with similar complex 

environments. 

 

1.2. Aims and objectives 

1.2.1 Research aims 

The main aim of this thesis is to use user-centred design methods to improve campus digital 

map information design, and establish the design principles of campus digital maps. The first 

aim is to investigate the challenges people face using digital maps to find their way around 

campus, and to identify the research and theories that would be relevant to campus digital 

map design, and establish opportunities for improvement to campus wayfinding design. The 

second aim is to investigate how map information design affects legibility (factors that may 

influence route planning, reading accuracy, comfort, and efficiency) in wayfinding tasks. The 

third aim is to investigate the role of user-centred map information design methods in 

improving the effectiveness of map design in campus wayfinding systems. 

 

1.2.2 Research objectives 

In order to achieve the research aims, the main objectives of this thesis are divided into five 

stages: 

STAGE 1 - Theoretical support 
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1. To find out the design factors that have an impactful effect on the design of campus 

digital map information. 

2. To understand the relevant theories of wayfinding behaviour in academic 

environments, and to explore the characteristics of wayfinding on campus. 

STAGE 2 - Existing deficiencies 

3. To explore the usage of existing campus digital maps. 

4. To identify design constraints (in terms of visual elements and interactive features) 

that affect the legibility of campus digital maps. 

STAGE 3 - Participatory case studies 

5. To investigate the opinions of campus environment users on the legibility of digital 

maps. 

6. To observe the behaviour of users using digital maps to find their way in academic 

settings and the problems they encounter, and find the limitations and solutions of 

map information design. 

STAGE 4 - Design solutions and evaluation 

7. To conduct map information design on the solutions and conduct evaluation and 

iteration to obtain scientific and comprehensive solution content. 

STAGE 5 - Discussion and conclusions 

8. To summarise the contribution of research-based user-centred map information 

design practices in campus digital map design, and to establish design principles 

based on experimental results and related research summaries. 

 

1.3. Research questions 

In this thesis, four key questions are discussed and answered: 
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1. What design principles and theories are beneficial to the design of digital map 

information in an academic environment? 

2. How is current campus digital map used? How do they reflect design principles? 

3. How is the digital map used in academic settings? What are the restrictions? 

4. How can maps in academic settings meet user needs (effective, usable, readable) 

through information design principles? 

 

1.4. Research structure 

In order to achieve the aims and objectives of this research, this thesis is divided into seven 

chapters including the introduction of this chapter. Table 1.1 shows the structure and 

research methods of the entire thesis. 

Table 1.1. Structure of the research 

Stage Objective Methods Outcome 

Theoretical 

support 

To find out the design factors 

that have an impactful effect on 

the design of campus digital 

map information.   

Literature 

review 

Identification of design principles to 

guide the development of the 

prototype 

To understand the relevant 

theories of wayfinding 

behaviour in academic 

environments, and to explore 

the characteristics of 

wayfinding on campus.   

Literature 

review 

Understand of human wayfinding 

behaviour and wayfinding tasks in 

academic settings 

Existing 

deficiencies 

To explore the usage of existing 

campus digital maps. 

 Limitation of current usage of campus 

digital map in UK 

To identify design constraints (in 

terms of visual elements and 

interactive features) that affect 

the legibility of campus digital 

maps.   

 

Visual survey Refined design principles with current 

approaches and informs 
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Stage Objective Methods Outcome 

Participatory 

case studies 

To investigate the opinions of 

campus environment users on 

the legibility of digital maps. 

Online 

questionnaire 

investigation 

Refined wayfinding problems in 

academic environments 

To observe the behaviour of 

users using digital maps to find 

their way in academic settings 

and the problems they 

encounter, and find the 

limitations and solutions of map 

information design.   

User testing; 

Observation; 

Online 

questionnaire 

investigation. 

Limitation of digital maps’ usage in 

academic settings 

Design 

solutions and 

evaluation 

To conduct map information 

design on the solutions and 

conduct evaluation and 

iteration to obtain scientific and 

comprehensive solution 

content.   

User testing; 

Observation; 

Interviews. 

Design and improvement of solutions, 

discussion of impacts 

Discussion 

and 

conclusions 

To summarise the contribution 

of research-based user-centred 

map information design 

practices in campus digital map 

design, and to establish design 

principles based on 

experimental results and 

related research summaries. 

 Design principles applicable to campus 

digital maps/wayfinding maps in 

complex environments 

 

CHAPTER 2 - Information design theories and principles in campus digital maps reviews the 

literature related to the research background. This chapter discusses the relevant principles 

of wayfinding system information design and wayfinding behaviour, map design theory and 

principles, and research of wayfinding behaviour in academic environments. Through 

literature review, frameworks of wayfinding system design principles and digital map design 

principles are established, which become the basis for evaluating the existing campus digital 

map information design in Chapter 3, and provide references for the campus digital map 

design principles established in Chapter 6. At the same time, a preliminary understanding of 

people's wayfinding behaviour and campus wayfinding problems is provided, which 

establishes good theoretical knowledge for the user-centred experimental design in 
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subsequent chapters. 

CHAPTER 3 – Existing deficiencies of current campus digital maps discusses the necessity 

and the current usage of campus maps. It investigates the use of digital maps on campuses 

by academic institutions in the UK, and reviews people's experiences and limitations of using 

existing digital maps. Section 3.2 investigates the use of campus digital maps by government-

recognised UK academic institutions and identifies that most campus digital maps lack 

design based on information design methods. Section 3.3 conducts a visual survey of five 

unique campus digital maps and evaluates them based on the design principles established 

in Chapter 2, which helps explore the visual presentation content and interactive functions 

of digital maps. Section 3.4 utilises an online questionnaire, which provides a more detailed 

understanding of personal experiences of using digital maps for wayfinding in academic 

environments, thereby identifying the most common problems and needs of users in 

campus wayfinding, which helps conduct experiments based on user needs in Chapters 4 

and 5. This chapter provides references for campus digital maps design principles through 

visual survey, and investigates users' wayfinding experiences and common problems in 

campus environments. The results of this chapter provide user needs and a reference for 

establishing task content for subsequent experiments research. 

CHAPTER 4 - Experiment II: Performance of digital maps for wayfinding in an academic 

environment - University of Leeds is used as a case study in which to conduct user testing. 

This chapter introduces three wayfinding tasks based on people's different wayfinding 

purposes: commute, quest and explore, and designs and tests tasks content based on 

problems people often encounter. By tracking user wayfinding routes, observing wayfinding 

behaviours, and conducting questionnaire surveys, this chapter collects and analyses the 

limitations of the use of digital maps in academic environments. In this chapter, the 

limitations and errors in the use of digital maps in campus settings are understood. It 

identifies the design elements necessary for the design of campus digital map information, 

as well as identifying current usability problems that should be addressed in wayfinding 

design practice. At the same time, the results of this chapter provide new research ideas, 

that is, the evaluation of map information legibility needs to focus on the map itself, rather 
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than letting the Global Positioning System (GPS) assist users in establishing the 

correspondence between map information and the geographical environment. 

CHAPTER 5 - Experiment III: Examining the effectiveness of campus digital maps with 

different layouts analyses the conclusions obtained in the previous chapters (user needs, 

limitations of use of digital maps), draws possible solutions, and uses solutions to design a 

map prototype based on design principles. Next, the map prototype is tested, iteratively 

designed, and evaluated in order to obtain more convincing results. Section 5.2.1 describes 

the process of how to visualise the design elements necessary for campus digital map 

information design on the map prototype. Section 5.2.2 provides a user testing practice to 

evaluate the legibility of the map prototype, recording the participants' reading 

comprehension ability and information legibility of the map prototype. The end of this 

section reflects on the limitations and shortcomings of visual information for the map 

prototype. Sections 5.2.3 and 5.2.4 conduct an iterative design of the map prototype, and 

use the new map prototype after iterative design to perform actual wayfinding tasks. A 

discussion of the value of map prototypes and reflections on the visual presentation of 

information are discussed in Section 5.3. 

CHAPTER 6 - Design principles for campus digital map summarises the research results and 

related empirical research results, and proposes information design principles applicable to 

campus digital maps. The results of this chapter provide valuable suggestions for researchers 

and designers who focus on campus digital map information design. Moreover, the results 

are not only applicable to campus digital maps, but can also provide support for the design 

of map information in similarly complex environments. 

CHAPTER 7 - Discussion reviews the findings from the thesis and contributions to 

knowledge. The limitations of the research are also reflected on, and possible future 

research is discussed. 
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2. Information design theories and principles in campus digital 

maps 

2.1. Introduction 

The existence of "maps" predates the definition and design of visual maps by humans.  

“Cognitive maps” have emerged when humans began to develop wayfinding behaviours in 

unfamiliar or familiar environments (Mcfarland, 2014). As people's exploration of the 

physical environment expands, their requirements for the layout and visual information of 

the exploration area increase. Advances in designed maps aim to enhance wayfinding design 

to improve people's understanding of the physical environment. Nowadays, maps have 

appeared in our daily lives in various forms: digital maps, printed paper maps, map boards, 

etc. Other wayfinding system designs such as guide signages, signs, door labels, etc. also 

provide people with the convenience of wayfinding in the physical environment. However, as 

mentioned in Chapter 1, people still experience confusion when they fail to find their way, 

such as getting lost or unable to orient themselves (Stanney, 1999; Scott-Webber et al., 

2000). Using wayfinding systems that conforms to information design principles in specific 

contexts to assist people in their daily lives may be effective in reducing the challenges 

encountered: this research focuses the study on the wayfinding experience in academic 

environments, and several studies have identified challenges encountered by campus users 

on a daily basis (mentioned in detail in Section 2.4.1.1 of this chapter). Therefore, in order to 

understand the basic needs of users in campus digital map design, it is first necessary to 

clarify people's wayfinding behaviour. At the same time, the research needs to be 

established based on the principles of information design, so it is necessary to review the 

existing literature for research on wayfinding system design and map design principles. To 

this end, relevant literature is reviewed and organised in this chapter to better understand 

people's wayfinding behaviour and experience, as well as the problems encountered in 

wayfinding in academic environments; how the design principles of wayfinding system and 

map design principles can improve people's wayfinding efficiency and their potential in 

campus digital map design. 
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This literature review first concentrates on wayfinding design theory to establish an 

understanding of wayfinding behaviour, wayfinding design, and the composition of 

information in wayfinding systems. The user's wayfinding experience and how user-centred 

wayfinding design works are discussed. 

Then, this research focuses on map design theory. Map design principles and digital map 

principles are discussed in detail in this session in order to form unified guidelines of 

information design principles, and used as a base reference for design evaluation in each 

experiment of this research. 

Finally, this review continues with a discussion of related research on campus digital maps, 

exploring people's wayfinding behaviours in academic environments. The reasons why the 

academic environment is selected as the research object are explained, and some existing 

research and research gaps in wayfinding in the academic environment are understood. 

Although the focus of this research is on improving the legibility of campus digital map 

designs, this review draws on research in areas outside of digital map design. There are two 

reasons for this situation: a) There is currently very little information design research related 

to campus digital maps; b) Digital maps and printed paper maps have commonality in 

information design (Kent and Vujakovic, 2019). This chapter concludes with a summary of 

the significance of this research. In addition, through the discussion of literature in this 

chapter, a framework of wayfinding design principles and a framework of digital map design 

principles are summarised. 

 

2.2. Wayfinding design theory 

In this section, the relevant literature on human wayfinding behaviour and information on 

wayfinding systems is reviewed. Information design research based on user-centred 

concepts requires first understanding user needs. In this research, how people carry out 

wayfinding, their performance and experiences in wayfinding are first discussed. Then the 

reasons that may affect the efficiency of wayfinding, and the information elements of a 
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wayfinding system that are beneficial to map design are analysed. On this basis, wayfinding 

design principles are summarised and discussed. 

 

2.2.1. Wayfinding and human behaviour 

Architect Lynch (1960) discussed in detail the connection between wayfinding and urban 

legibility in cities in his book The Image of the City. This book's discussion of the urban 

environment examines how people position themselves in the city. Lynch (1960) believed 

that urban space is not only composed of physical characteristics, but also composed of 

people's psychological images. Lynch (1960) also defined people's wayfinding behaviour as 

positioning through mind maps, consisting of five elements: paths, edges, districts, nodes 

and landmarks. This wayfinding method understands the wayfinding behaviour as a self-

learning behaviour of environmental characteristics. Chen and Stanney’s (1999) research 

indicates this point, suggesting that wayfinders usually start wayfinding by directly sensing 

the environment. For the wayfinding process, Giuliani (2001) described it as the dynamic 

organisation and communication between people and the environment. The guidelines book 

published by NHS Estates (2005) also mentioned that people use mental maps to simplify 

the environment and route through information, thereby matching the mental model with 

the actual environment. It can be seen from this that people are constantly sensing the 

changing environment during their wayfinding journey. Therefore, in the design of the 

wayfinding system, real-time visual elements and wayfinding information should help people 

quickly perceive the surrounding environment information and locate themselves. The 

digital map design based on information design principles that this research focuses on 

should pay more attention to this point. Because maps have the function of showing the 

overall layout of the environment (Pollett and Haskell, 1979; The International Cartographic 

Association, 2003), how to unify the visual elements and information design of the map, and 

enable people to compare the map information with the physical environment at any time 

when viewing the map is a key point to consider when designing a map. 

Prior to this, how people position themselves and explore the environment has long existed 
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in history, and has continued to innovate with the development of science and technology. 

Golledge (1999) described human wayfinding as a purposeful, targeted, and motivated 

behaviour. Due to different purposes and goals, humans find routes and locate themselves in 

complex environments, and therefore invent and use technology to assist them. Research 

shows that historically, humans have autonomous wayfinding behaviours, including 

travellers using technology (such as maps and compasses) to locate and find routes on land 

and ocean (Buisseret, 1992). Similarly, Harley and Woodward (1992) mentioned in the book 

The history of cartography that cartographic techniques, especially mapping techniques, 

have appeared in history of countries around the world, such as China, the Roman Empire, 

India, and medieval Europe. In this research, user needs are always considered at every step. 

This is because discussing the legibility of a campus digital map cannot avoid the target 

audience. It has been confirmed that people's wayfinding behaviour has a purpose, so the 

purposes of wayfinding in an academic environment will be discussed later and used in 

experiments. 

Nowadays, the structure of cities is becoming more complex. Universities often exist in 

cities. The stronger the complexity of the layout, the stronger the negative impact on the 

user's satisfaction during wayfinding (Tao et al., 2018), which brings a new round of 

wayfinding challenges. At the same time, the trend of globalisation and increasingly 

convenient transportation makes people face unfamiliar scenes and environments more 

often. NHS Estates (2005) argues that getting lost is a common part of life. When there is no 

wayfinding system to assist, people can only perceive the surrounding physical environment 

through their eyes, and it is difficult to understand the overall structure and planning of the 

environment. How to use technology to assist people to obtain information in the 

environment and find their way correctly and effectively has become a challenge for 

designers and researchers. 

 

2.2.2. User-centred wayfinding design 

Wayfinding design needs to meet the user's wayfinding behaviour, so that it follows a user-
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centric design approach. As Lynch (1960) proposed, if cities are to be designed for people to 

live in, designers must learn how people respond to these cities. Therefore, user-centred 

wayfinding design is particularly important in this research. This review stage of this research 

is dedicated to exploring wayfinding design and map design in relation to research on user 

needs and how users influence design development, in order to gain a more detailed 

understanding of users' wayfinding behaviour and the impact on design research.  

Regarding people's wayfinding behaviour, NHS Estates (2005) summarises it as a series of 

decisions: a) decisions on specific destinations, b) decisions on how to get there, c) and 

decisions on routes. This is also consistent with Golledge's (1999) theory that human 

wayfinding is a purposeful behaviour. For the wayfinding process, Arthur and Passini (2002) 

identified it as decision making, decision execution, and information processing. It can be 

found that decisions influence and correlate with each other. Throughout the wayfinding 

process, people repeatedly make and execute decisions for a purpose. Based on this, how to 

facilitate users to quickly process information and make decisions during the process is a 

very important part of the wayfinding system design. 

However, users' individual factors may affect their decision-making ability. In the research of 

user needs and user behaviour, the user's wayfinding performance changes with individual 

characteristics and purposes. Süzer (2018), Tao et al. (2018), and Wang et al. (2018) 

indicated that elderly people need more help with spatial orientation and positioning due to 

limited memory and difficulty in orientation. Güneş (2018) and Süzer (2018) also proposed 

the effects of gender, habits, familiarity, experience, education and other factors on spatial 

navigation. This may be a research direction for information design of wayfinding systems, 

because many user groups may use wayfinding systems to assist themselves in reaching 

their destinations successfully and quickly. An in-depth understanding of potential users is 

crucial to successful wayfinding design. In this research, considering that most users of 

campus digital maps are students, faculty, and visiting scholars, this research identified them 

as potential users and recruited participants within this group.  

Targeting and understanding user groups formed the core of the strategies involved in map 
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development in this thesis. User-centred research also focuses on understanding how 

people make decisions, that is, the theory of cognitive maps; and the impact of "familiarity" 

on wayfinding, because people live and work on campus, it is necessary to build an 

understanding of whether their wayfinding will be different when they are familiar with the 

environment. 

 

2.2.2.1. User cognitive map 

According to Mcfarland’s (2014) definition of Cognitive map in the A Dictionary of Animal 

Behaviour, the behaviour of many animals shows that they have a map. When people move 

in an environment, such as going to work or on the way from home to the station, they use 

cognitive memory of space, which is what Lynch (1960) called the cognitive map. When 

people are looking for a route in the environment, a clear environmental mind map is 

needed to deal with the confusion and fear of getting lost. The construction of the cognitive 

map can be obtained in different ways. For instance, moving around in an area to gradually 

build a cognitive map in the brain, or looking at the map to understand the spatial 

composition. Previous studies suggest that if people successfully solve the wayfinding 

problem and build a clear mind map when they first visit their destination, they will not be 

confused when they face the same problem later (NHS Estates, 2005). To help people find 

their way better, legibility (also called imageability and visibility) was proposed as a central 

concept of wayfinding system in Lynch's (1960) book, which requires that the information of 

the wayfinding system be readable and easy to understand. The association between 

wayfinding and legibility has been indicated by many studies (Baker, 1986; Liu, 1991; Yoo, 

1992; Abu-Ghazzeh, 1996). Humans have basic self-awareness needs for information given 

by the environment (Kaplan and Kaplan, 1982). Based on this, the legibility of maps has 

become one of the core research focuses of this thesis. The information design of maps 

must be based on the requirement that people can quickly obtain and understand the 

information. 

So when people understand the composition of space through self-construction or looking 
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at maps, do they obtain a complete and correct cognitive map? The answer is not 

necessarily. Sometimes the cognitive maps are not necessarily correct. If there are 

deviations or memory confusion in the construction process, they will cause errors. Tversky 

(1993) suggested that the cognitive map be called cognitive collage. Since the cognitive map 

belongs to the category of long-term memory, it may change over time. However, even if the 

cognitive map is correct, people may get lost. Kanakri et al. (2016) believe that on the 

university campus, even if wayfinders understand the route, they may feel stressed. When 

students are asked to go to the tutor's office, they may get lost due to room changes or desk 

changes. This is not because the cognitive map is wrong, but because it has ‘expired’. 

Therefore, some tools that assist in positioning and wayfinding can help people cope with 

the wayfinding tasks of daily life. For example, common notices posted on the wall, door 

numbers, or digital wayfinding systems that are networked and can update information. 

 

2.2.2.2. How familiarity affects wayfinding  

It has been shown that familiarity with specific environments may affect wayfinding 

behaviour (Weisman, 1981; Yoo, 1992). Garling and Evans (1992) explained that the more 

familiar people are with the environment, the easier it is to complete detailed cognitive 

maps. Ruddle et al. (1998) suggested that different levels of familiarity with the environment 

provide spatial knowledge with different accuracy. O’Neill (1992) pointed out that the 

complexity of spatial layout becomes less important for those who have already established 

an environmental cognitive map, that is, those who are familiar with the environment. This 

is indicated by Hölscher et al. (2006), and it is believed that for people who are familiar with 

the environment, they rely more on knowledge and memory while wayfinding. In contrast, 

people who are new to the environment often use external information to aid wayfinding, 

such as maps, signages, and landmarks (Chebat et al., 2005). Previous research has 

demonstrated that information from wayfinding systems plays an important role in 

optimising the wayfinding experience for first-time users (Conroy, 2001; Holscher et al., 

2007; Vilar et al., 2015). Based on this, during the participant recruitment phase of 
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Experiment II and Experiment III of this research, people’s familiarity with the experimental 

location was taken into account to avoid the possibility that some participants were familiar 

with or had knowledge of the physical environment of the experimental location, which 

would then influence to the depth of their reading of map information. 

Additionally, people may face wayfinding stress even in familiar surroundings. It may be the 

confusion caused by the mismatch between the cognitive map and the changing physical 

environment mentioned in the previous section, or it may be the tension caused by the need 

to complete the wayfinding task within a limited time. The latter is discussed in detail in 

Section 2.4.1.1 in conjunction with the research of wayfinding problems in academic 

environments. 

 

2.2.3. The information structure of wayfinding systems 

Environmental, design, and social factors influence wayfinding behaviour. Lynch (1960) 's 

research provides ideas and suggestions for architects and researchers in wayfinding design 

and user-centred design. He pointed out that while getting a clear mental map of the 

environment, people should be able to learn how to navigate in this environment through 

training. To enable people to operate and act on the environment, designing a wayfinding 

system based on user needs should be adopted. 

The main purpose of the wayfinding system is to improve the user's wayfinding efficiency 

(Harding, 2011), which is related to the “least effort” proposed by Zipf (1949), i.e. allowing 

users to quickly and easily recognise the direction and reach the destination. To accomplish 

this, wayfinding systems need to provide the necessary information for intuitive navigation 

(Gibson, 2009). Lynch (1960) 's research emphasises the role of vision in wayfinding 

information, as suggested by NHS Estates (2005), and determines that people use vision, 

sound, touch and smell to varying degrees when searching for destinations. NHS Estates 

(2005) argues that an important factor in improving wayfinding efficiency is to consider how 

people use all their senses while finding their way. Now that wayfinding behaviour has 
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become a part of people's daily life, the research on information design of wayfinding 

systems has been fully discussed in many fields: Harding (2011) summarised the sign design 

principles of airport wayfinding systems; Miller and Lewis (1999) ) have enumerated 

wayfinding guidelines for signage systems in healthcare institutions, Hashim et al. (2014) 

discussed how health navigation signage design adapts to different cultures in globalisation, 

and Mikhael and Yandi (2018) studied the visualisation of hospital wayfinding signage 

design; Kim et al. (2011) studied the use of digital signage design; Pollett (1979) defined 

library signage systems design principles, Barclay et al. (2012) focused on the help of 

direction and information signs in library wayfinding systems; Mandel's (2013) study 

increased the knowledge of how library wayfinding system design affects users; Weisman 

(1981) discussed and evaluated wayfinding through architectural legibility in the buildings 

environment, and Raubal and Winter (2002) suggested that landmarks can enrich 

wayfinding instructions. 

Research on outdoor and indoor, urban and architectural, wayfinding system information 

design covers many aspects of people's daily lives, and there are already universal guides on 

wayfinding design. For example, Apelt et al.’s (2007) wayfinding design guidelines, Gibson’s 

(2009) wayfinding handbook for information design in public places, and the wayfinding 

design section of Black et al. (2015) information design handbook. In order to have an in-

depth understanding of the information composition of wayfinding systems, this review 

integrates research on wayfinding information design in other fields of design research and 

discusses information divided into four key components: a) signage; b) image; c) colour; d) 

typography and layout. First, a unified understanding of signage, an important component of 

wayfinding system design, is established, and secondly, the three main components of 

wayfinding information are discussed separately. This section selects and organises 

information from existing research to be more suitable for the needs of this research. The 

discussion results can analyse and organise a framework of wayfinding design principles, 

which forms the core of the information design principles involved in map development in 

this thesis. 
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2.2.3.1. Signage 

Signages in the wayfinding system are essential for users to find directions and destinations, 

also agreed in the book of NHS Estates (2005). That is, the signage is a key part of the 

wayfinding system. In order to make it user-friendly, more effective signs should be designed 

to guide the search to the destination. Signages and floor plans have been identified as 

effective in increasing user satisfaction (Bosman and Rusinek, 1997). Signage is widely used 

in wayfinding systems. It is used for route guidance and information integration for daily use 

and emergency situations (Xie et al., 2007). If navigation signs are not recognised, it will be 

difficult for people to reach their destinations successfully and quickly. Ganesh (2016) 

identified the main factors affecting the effectiveness of navigation signs as the design of the 

signs, the placement of the signages, and the legibility of the signs. This was also indicated 

by Mclaughlin et al. (2005) and Mikhael and Yandi (2018), and showed that the visibility of 

signage is a key factor in the effectiveness of spatial navigation. Mclaughlin et al. (2005) also 

proposed that signages should not be obscured by physical obstacles such as walls, columns 

and corners. However, as the complexity of the environment increases, many elements 

create visual impairments in the environment, which makes environmental visibility more 

difficult. Therefore, visibility analysis needs to be incorporated into the signage design 

process. Signage needs to be effective, which requires it to meet certain characteristics, such 

as being clearly identifiable from a distance, and being placed where people need 

information or are easily confused (Montello and Sas, 2006). 

The principles of signage information design focus on text and layout, icons, colours, and the 

spatial location of signs. In the previous theoretical review of signage design research, it can 

learn that signage often exists in the physical environment and follows people's movements 

to provide information in the environment (such as walls, floors, standing signs, etc.). As 

Apelt et al.’s (2007) summary of wayfinding design guidelines illustrates the principles of 

spacing between signage and placement of visual information, the signage system is a 

wayfinding system that is broken down into parts and composed of many information 

boards with a unified visual presentation style. In contrast, maps organise the information 

that needs to be given to users in the same medium (printed paper, screen, network 
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interface, etc.), and a unified information layout needs to be considered. Therefore, design 

principles for the spatial location of signage are not considered for this research. Design 

principles focusing on text and layout, icons, and colours can be used as the suggestions of 

information design for this research, as follows: 

1. Visual information (background, letters, graphics) has colour contrast and brightness 

differences (Lomperski, 1997; Apelt et al., 2007; Gibson, 2009; Sandnes, 2017; Roefs 

and Mijksenar, 2017); 

2. Appropriate font style and spacing, such that uppercase and lowercase letters are 

easier to read than all uppercase letters (Apelt et al., 2007; Roefs and Mijksenar, 

2017); 

3. Sans Serif typeface such as Arial, MS Sans Serif, Tahoma, Futura, Geneva and 

Helvetica Medium make it easier for people to read. (Apelt et al., 2007, p.10; Calori 

et al., 2015, p.131); 

4. Font size, type, and layout should be legible and easy to understand. The size and 

spacing between letters and words should be proportional to the amount of 

information provided (Apelt et al., 2007; Gibson, 2009); 

5. Clear definition of elements in the physical environment (buildings, roads, bridges, 

etc.) (Apelt et al., 2007; Gibson, 2009). 

 

2.2.3.2. Image 

In the design of the wayfinding system, people's access to information largely comes from 

words and images. However, when the language of the sign is unknown, people may lose 

their goals. In this case, images such as icons, arrows, and pictograms used by the 

wayfinding system are necessary elements for identifying destinations and directions (Miller 

and Lewis, 1999; Gibson, 2009; Süzer, 2018). 

As a visual element, images are recognised by humans before text, and can be easier to 

process compared with reading text (Norman, 1990). Images can be useful in a variety of 

situations, such as users who are unfamiliar with text (non-native or low literacy), have 
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visual problems (myopia or the elderly), especially when information needs to be processed 

quickly (escape signs) ( Lomperski, 1997; Apelt et al., 2007; Xie et al., 2012; Hashim et al., 

2014; Süzer, 2018; Wang et al., 2018). Rather than being represented by words, arrows have 

been understood as directional symbols by most people, including users with lower literacy 

levels (Pollett and Haskell, 1979; NHS Estates, 2005; Rousek and Hallbeck, 2011; Roefs and 

Mijksenar, 2017); the importance and effectiveness of pictograms in wayfinding systems is 

discussed in the guidance on wayfinding design for public facilities published by NHS Estates 

(2005); Gibson (2009) gave an example of how the design of symbols in European train 

stations helps people from many language backgrounds travel successfully; research by 

Rousek and Hallbeck (2011) shows that excellent healthcare signage has a positive impact on 

reading efficiency and information acquisition for both visually impaired and non-visually 

impaired individuals.  

But relying on images also has many disadvantages. Hashim et al. (2014) realised in the 

design of health navigation signs that different cultural backgrounds and educational 

backgrounds lead to different interpretations and understandings of wayfinding images. 

Therefore, the purpose of the images may not be properly understood by everyone. When 

confusion or opposite interpretation is caused, it may cause additional wayfinding burden. In 

this research, image legibility also needs to be considered. In today's globalised world, 

universities bring together users from various cultural and educational backgrounds. The 

design of the images and pictograms in the visual information of campus digital maps should 

ensure that people are easy to understand, or provide explanations so that people can 

quickly understand their functions. Based on the existing literature review, the design of 

images should follow: 

1. Destination and direction can be identified using images such as icons, arrows, and 

pictograms rather than text descriptions (Miller and Lewis, 1999; Süzer, 2018); 

2. For information that needs to be processed quickly, images are easier to recognise 

than text (Lomperski, 1997; Apelt et al., 2007; Xie et al., 2012; Hashim et al., 2014; 

Süzer, 2018; Wang et al., 2018); 

3. Different cultural and educational backgrounds lead to different understandings of 
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images, and it is necessary to consider the legibility of images among different 

groups of people (Hashim et al., 2014), or to assist in explaining images’ functions. 

 

2.2.3.3. Colour 

Colour is an indispensable element in design. When reviewing relevant research on 

information design for wayfinding systems, almost all design principles mention the role of 

colour in design. NHS Estates (2005) maked a number of recommendations for the design of 

colour information for wayfinding systems in healthcare facilities, focusing on how to make 

information easier to read through colour contrast (background colour versus text, amount 

of colour, etc.): Low contrast colours will make information difficult to obtain, and when 

there are too much colour (more than five), it may be difficult to distinguish; Gibson (2009) 

also focused on the contrast of colour and discussed the role of three properties of colour in 

information design: hue selection is the first thing to consider in a wayfinding colour system, 

followed by ensuring colour contrast and legibility (through changes in intensity and value). 

Feisner (2006) similarly stated that too much colour should be avoided to make the 

wayfinding system difficult to use. For designers, how to interpret colour to convey meaning 

can use colour-coding when conducting colour information design research. This is a method 

of linking colour with messages, whereby colour conveys information (Calori et al., 2015). 

Colour coding can create different cues in the environment to provide distinction to facilitate 

wayfinding (Abu-Obeid, 1998). One of the most common situations is traffic lights. With the 

unified use of traffic signals, driving populations around the world have defaulted to red for 

stop and green for action. 

When constructing environmental mind maps, the use of colour as an additional 

navigational tool is considered beneficial for information identification (Dalke et al., 2006). 

Read (2003), Holscher et al. (2006), Davis and Therrien (2012), and Farran et al. (2012) also 

show that colour can improve wayfinding efficiency and performance. However, not all 

colour settings are suitable for wayfinding. Süzer (2018) compared the effects of cool, warm 

and neutral colours on wayfinding and indicated that neutral colour settings have a negative 
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impact on visual-spatial navigation, because the grey and beige colours used in the research 

have less contrast with the background colour (white walls indoors), they minimise people's 

attention and concentration, which in turn affects navigation performance. This is also in line 

with the colour contrast requirements in the colour information design research of Gibson 

(2009) and NHS Estates (2005). In addition, colours not only affect people's attention and 

reading ability, but also bring different emotions. Park and Guerin (2002) studied the impact 

of colour on environmental perception and discussed differences in colour perception 

(pleasant, comfortable, complex, exciting, etc.) in different cultural contexts. The choice of 

colour needs to be considered as different cultures have different interpretations of the 

meaning of colours (Hashim et al, 2014). Traffic lights can still be used as an example. In 

many countries, exits are expressed in green because green is related to the concept of go; 

however, Calori et al. (2015) investigated the use of red in exit signs in some countries 

because it is related to emergencies. 

In this research, the design of colour information should pay attention to: 

1. It should be avoided when the colour settings do not provide enough contrast. The 

colours used for text and logo background should contrast with each other and with 

the dominant colours of the environment (NHS Estates, 2005; Gibson, 2009; Süzer, 

2018); 

2. The colours used in the colour settings should not be too many, otherwise there will 

appear reading difficulties (NHS Estates, 2005; Feisner, 2006); 

3. Focus on the three properties of colour (hue, intensity and value) to enrich colour 

composition and create contrast (Gibson, 2009); 

4. Use colour coding can convey information (Abu-Obeid, 1998; Calori et al., 2015); 

5. Colour can bring about different environmental perceptions, and when choosing 

colours it is necessary to consider whether different cultures will bring different 

interpretations of the meaning of colours (Park and Guerin, 2002; Hashim et al, 2014; 

Calori et al., 2015). 
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2.2.3.4. Typography and layout 

Even though image elements are often recognised before text, much of the information 

content of wayfinding systems is conveyed through text (Calori et al., 2015, p.127). 

Typography design involves style, font style, appearance and structure (Bringhurst, 2002): 

Typography style is related to the visual design of specific projects and is not helpful to the 

research of this thesis, so it is not discussed in this section. For font styles, thousands of 

fonts have been designed and used as people's tastes, cultures, and design requirements 

vary and develop, and as digital fonts are loaded on computers (Gibson, 2009). The style and 

appearance of a font needs to be carefully considered in terms of how it is used: Where is it 

used? What is the best size of the font? How to communicate with users? What is its 

function? For this research, the use case is text information on maps. The size should meet 

people's needs for clear reading and should not be too large to obscure the environmental 

image. The user needs are clear and easy-to-read text information. The function is to name 

the elements on the map. Rather than designing and using new fonts, using existing fonts is 

a standard practice in wayfinding system design (Calori et al., 2015). Under the usage 

requirements, artistic and decorative fonts are not a suitable choice. Apelt et al. (2007) 

briefly lists several fonts suitable for wayfinding systems, which are listed in Section 2.2.3.1 

and will not be mentioned again here. 

While providing convenient help to users, the information in the wayfinding system also 

needs to provide a hierarchical structure in the layout. This is to classify the information into 

levels of importance and give users a reading order to avoid confusion in reading (Gibson, 

2009; Calori et al., 2015). Harding (2011) classified signage information into primary, 

secondary and tertiary levels, which indicated the necessity of information hierarchy. This 

review identified several characteristics that influence information layout. Researchers focus 

on the quality of the message itself, such as the design of signage, emphasis on colour, and 

decoration of the environment (Lomperski, 1997; Apelt et al., 2007; Rousek and Hallbeck, 

2011); font style (upper and lower case, bold or italic, The first letter is capitalised and the 

remaining letters are lowercase, etc.) and the impact of font size on information hierarchy 

(Bringhurst, 2002): Bold, capital letters and larger font sizes tend to quickly attract readers' 
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attention and are considered to be the first-level information emphasised in typesetting; 

fonts with explanatory functions should be unified, otherwise it may increase reading 

difficulties (Gibson, 2009). 

In addition, since the purpose of the wayfinding system is to improve people's wayfinding 

experience, the relationship between people and space and the individual behavioural 

habits of users should also be considered in the research of information layout. People's 

ability to generate and improve cognitive maps of the physical environment during 

wayfinding is closely related to spatial orientation (i.e., the person's ability to orient 

themselves in space) (Passini, 1992). Insufficient spatial orientation affects wayfinding 

abilities, leading to cognitive confusion and making it difficult for users to construct mental 

maps (Kitchin, 1997). In this case, improving the legibility (layout and complexity) and spatial 

recognisability (how helpful the environment is to the user) of the environment can give 

people a better sense of orientation (Canter, 1974; Güneş, 2018). These studies imply that to 

help people generate correct cognitive maps and successfully find their way around, it is 

necessary to consider how wayfinding systems help users orient themselves. In the 

wayfinding system, the map can show the overall layout of the environment. Accurately 

representing a user's location in the physical environment on a map can help users orient 

themselves and understand the areas of the map they should read to understand their 

surroundings. For navigation directions, linear circulation is more likely to have a positive 

impact on the sense of direction than other circulation types such as grids and crosses 

(Yanhua, 2011; Tap et al., 2018). However, Passini (1981) argued that signage, although 

providing linear wayfinding (from point A to point B to point C), cannot meet the spatial 

needs of users (providing users with spatial knowledge and information of overall meaning, 

e.g. as floor plan, or all accessible points in an area). Since this research focuses on map 

information design, route navigation between two points can often be provided during the 

wayfinding process and meet the user's spatial needs. Research on other navigation 

directions in the wayfinding system, such as linear circulation and grid circulation, is not paid 

attention to by this research again. In terms of typography and layout, the wayfinding system 

design should meet: 
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1. Information design involves the layout of information (Harding, 2011). For 

emphasised information, bold, capital letters, and larger font sizes can be adopted 

(Bringhurst, 2002); 

2. Fonts with descriptive functions should be unified (Gibson, 2009); 

3. Wayfinding systems need to help users orient themselves (Canter, 1974; Passini, 

1992; Kitchin, 1997; Güneş, 2018). 

 

2.2.4. Summary 

This section reviews the concept of wayfinding design, including research on people's 

wayfinding behaviour, user-centred wayfinding design (including the impact of cognitive 

maps and environmental familiarity on the wayfinding process), and design principles for the 

information composition of wayfinding systems. A review of wayfinding behaviour and 

cognitive maps and environmental familiarity provides an in-depth understanding of how 

users find their way in the physical environment and the behaviours they produce when 

finding their way, which helps to conduct the content of the experiment and define the 

scope of participant recruitment during the experimental stages. The discussion of the 

relevant literature on the information composition of wayfinding systems subdivided the 

information into signage, image, colour, typography and layout, conducted an in-depth 

analysis of the design principles, and they are summarised as the framework provided in 

Table 2.1, which can guide the future research. 

Table 2.1. Framework of wayfinding design principles 

Wayfinding 

information 

Design principles 

Signage Visual information (background, letters, graphics) has colour contrast and brightness 

differences (Lomperski, 1997; Apelt et al., 2007; Gibson, 2009; Sandnes, 2017; Roefs and 

Mijksenar, 2017);  

Appropriate font style and spacing, such that uppercase and lowercase letters are easier to 

read than all uppercase letters (Apelt et al., 2007; Roefs and Mijksenar, 2017);  

Sans Serif typeface such as Arial, MS Sans Serif, Tahoma, Futura, Geneva and Helvetica 

Medium make it easier for people, including those with visual impairments, to read. (Apelt et 

al., 2007, p.10; Calori et al., 2015, p.131);  



29 
 

 

Wayfinding 

information 

Design principles 

Signage Font size, type, and layout should be legible and easy to understand. The size and spacing 

between letters and words should be proportional to the amount of information provided 

(Apelt et al., 2007; Gibson, 2009); 

Clear definition of elements in the physical environment (buildings, roads, bridges, etc.) 

(Apelt et al., 2007; Gibson, 2009). 

Image Destination and direction can be identified using images such as icons, arrows, and 

pictograms rather than text descriptions (Miller and Lewis, 1999; Süzer, 2018);  

For information that needs to be processed quickly, images are easier to recognise than text 

(Lomperski, 1997; Apelt et al., 2007; Xie et al., 2012; Hashim et al., 2014; Süzer, 2018; Wang 

et al., 2018);  

Different cultural and educational backgrounds lead to different understandings of images, 

and it is necessary to consider the legibility of images among different groups of people 

(Hashim et al., 2014), or to assist in explaining images’ functions. 

Colour It should be avoided when the colour settings do not provide enough contrast. The colours 

used for text and logo background should contrast with each other and with the dominant 

colours of the environment (NHS Estates, 2005; Gibson, 2009; Süzer, 2018);  

The colours used in the colour settings should not be too many, otherwise there will appear 

reading difficulties (NHS Estates, 2005; Feisner, 2006);  

Focus on the three properties of colour (hue, intensity and value) to enrich colour 

composition and create contrast (Gibson, 2009);  

Use colour coding can convey information (Abu-Obeid, 1998; Calori et al., 2015);  

Colour can bring about different environmental perceptions, and when choosing colours it is 

necessary to consider whether different cultures will bring different interpretations of the 

meaning of colours (Park and Guerin, 2002; Hashim et al, 2014; Calori et al., 2015). 

Typography 

and layout 

Information design involves the layout of information (Harding, 2011). For emphasised 

information, bold, capital letters, and larger font sizes can be adopted (Bringhurst, 2002);  

Fonts with descriptive functions should be unified (Gibson, 2009);  

Wayfinding systems need to help users orient themselves (Canter, 1974; Passini, 1992; 

Kitchin, 1997; Güneş, 2018). 

 

2.3. Map design theory 

After an in-depth understanding of the literature related to wayfinding behaviour and 

wayfinding design principles, this research next focuses on the literature related to map 

design principles. This section analyses map design elements from the perspective of map 

visual elements and user experience, and studies digital map design principles. 
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2.3.1. Map design principles 

In daily life, humans often walk around to carry out wayfinding activities. In a familiar 

environment, this is usually done unconsciously. However, in unknown or large complex 

environments, some wayfinding aids will often be used. The map is an important element in 

a wayfinding system, because maps can provide information to help people understand the 

overall layout and spatial location of entire buildings or environments (Pollett and Haskell, 

1979). The International Cartographic Association (2003) defines the map as: 

“A map is a symbolised image of geographical reality, representing selected features 

or characteristics, resulting from the creative effort of its author's execution of 

choices, and is designed for use when spatial relationships are of primary relevance”. 

In the process of cartography, the choice of information needs to be considered first. The 

map presents the geographical reality in a visual expression. In this process, the map 

represents the geographical environment with visual effects which are far from the real 

environment, but can better describe and emphasise the information of the map. In the field 

of design, the visual effects and user experience of the map dominate the principles of map 

design. 

 

2.3.1.1. Map visuals 

Maps use visual effects to illustrate the relationship between geographic reality and space, 

thereby showing the location of certain reference objects in space (Papadias and 

Theodoridis, 1997). When dealing with spatial relationships, Cartwright (2014) argued that 

appropriate choice of information in the real environment and simplifying the geographical 

environment content can provide a more useful representation. This means that, although 

used to describe geographic reality, maps can represent real or fictional spaces, regardless of 

context or scale. Whether the map needs to represent the geographic environment may 

depend on the information it conveys, which has been suggested in many previous research 

studies. For example, Buisseret (1992) collected and discussed the evolution of maps across 
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early modern Europe and found that in some cases the aesthetic value of maps and 

numerical and verbal descriptions were more important than spatial representation (maps 

other than nautical charts); Cartwright (2014) provided an expert survey on whether the 

iconic London Underground image, which did not carry out geographical description, 

abandons the absolute position in the physical environment, and even the azimuth angle, 

could be regarded as a map - the conclusion was that people agreed that the image was an 

effective communication tool and that it was defined as a "map"; this kind of diagrammatic 

map that only focuses on necessary information was similarly reflected in Sadahiro et al. 's 

(2015) investigation of the design of bus route maps, focusing on the readability and 

aesthetics of the map rather than the "symbolised images of geographical reality"; 

Katarzyn’s (2018) collection of maps enriched the map type database, and it was found that 

screen-based maps, non-interactive maps, and qualitative maps appeared most frequently. 

Even if the map depicts the same area, the map will present a completely different visual 

effect based on different purposes. This thesis uses multiple images to show different maps 

of the same area. They are Screenshot of Google Maps showing London city area (Figure 

2.1), London Attractions Map (Figure 2.2) and London Underground Route Map (Figure 2.3). 

Maps of the same city present completely different visual effects due to the different 

information conveyed by the selected maps: a) Google Maps may focus more on navigation 

and positioning. Figure 2.1 selects its standard mode with simplified appearance: at the 

scale shown in the figure, the urban architectures are simplified as much as possible, 

highlighting the layout of the roads; b) the attractions map only arranges the landmark 

buildings in the city on the map with attractive illustrations (Figure 2.2), omitting most other 

elements of the city to help tourists understand the attractions’ locations in the city; c) the 

London underground route map shown in Figure 2.3 completely abandons geographical 

reality (location in the physical environment, geographical description and actual line 

direction, etc.), and focuses more on the readability and aesthetics of complex underground 

route lines. 
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Figure 2.1. Screenshot of Google Maps London city area – simplified appearance in standard mode 

 

Figure 2.2. London attractions map 

 

Figure 2.3. London underground route map 
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However, these three maps have the common feature that they successfully convey complex 

visual information, to a simplified version that prioritises the information required for the 

purpose of the map. The visual communication of a map requires the selection and 

simplification of visual elements according to purpose and communication method so that 

users can quickly and easily obtain the information they need. In addition, the aesthetics of 

the map need to be considered. Tyner (2014) summarises the key visual elements of the 

map as lines, shapes, colours, and textures. How to combine the purpose of a map with its 

visual elements is an important step in map design. The research object of this thesis is the 

campus digital map. Its purpose should be more to display the campus environment and 

assist users in finding their way and locating themselves. Take the three map forms of 

London urban area mentioned above as an example: 

1. A map format similar to an underground route map displays a single piece of 

information (route arrangement), which is not suitable for the campus map; 

2. The attractions map may be able to meet the purpose of the campus map by 

showing the main roads and also representing important buildings on the map. 

However, the campus environment is complex and there are many buildings. People's 

daily life and work are carried out in campus facilities, so it is difficult to choose 

which to represent on the map. If all campus buildings are represented on the map 

with attractive illustrations, the visual information may be complicated. This 

manifestation can be explored in the following chapters; 

3. Maps similar to Google Maps Standard Mode reproduce and simplify the 

geographical environment, retaining passable roads while making the interface less 

difficult to read due to too much information. However, its simplification of 

architecture may make it difficult to contrast with the visual elements of the real 

environment. 

After preliminary analysis, the design principles of map visual elements that are helpful for 

this research can be summarised as: 

1. There is a need for appropriate selection of information in real-world settings and 
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simplification of geographical environment content (Cartwright, 2014); 

2. The visual effect of a map is used to illustrate the relationship between geographical 

reality and space, requiring the use of visual elements to show the location of objects 

in space (Papadias and Theodoridis, 1997); 

3. When simplifying complex visual information, prioritise information necessary for 

the purpose of the map; 

4. Design by integrating the map's key visual elements (line, shape, colour, and texture) 

with the map's purpose (Tyner, 2014). 

 

2.3.1.2. User experience in map design 

When using a map, the user's geographic information is particularly important for the 

efficiency of the map. This means that users need to successfully locate themselves at any 

time when using the map. Raper (2007) described geographic information as information 

composed of location, space and time. It can be expressed using geocentric coordinates or 

positions and landmarks. In order to facilitate user positioning, map signages usually use 

familiar pictograms such as stars to emphasise visually concentrated information to inform 

people of "You Are Here" (Giuliani, 2001). The organisational elements of spatial 

information, including paths, landmarks and areas, should be displayed on the map (Apelt et 

al., 2007). The map collects these visual elements and displays them on a flat surface, and 

people can directly view these visual elements. This method needs to allow users to obtain 

environmental information in a flexible and direction-independent manner (Apelt et al., 

2007). Even if interactive digital maps (such as Google Maps) can display the user's location 

in the geographical environment on digital maps at any time with the help of the Global 

Positioning System (GPS), we still need consider the situation when the map navigation fails 

(positioning errors, navigation offsets, etc.). Therefore, how the spatial information of maps 

helps people position themselves in space by reading visual elements is still a particularly 

important factor in map design. 
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2.3.2. Digital map design theory 

Many maps are fixed on paper or other media such as wooden boards and silk cloth in a 

static form. With the development of technology, the emergence of digital maps allows 

maps to become dynamic and interactive (Kent and Vujakovic, 2018). What is the digital 

map? How is it different from traditional paper maps? Winter and Tomko (2004, p.7) defined 

mobile digital maps as “maps on mobile handheld devices”. Kent and Vujakovic (2018) 

believed that when talking about Internet maps, it is too broad to define it only as a digital 

map that relies on Internet technology and uses screens as communication media. Kent and 

Vujakovic (2018, p.376-380) explained and define Internet maps through their purposes and 

uses: 

1. Reference maps, such as Google Maps. Their purpose is to provide directions and 

explore areas to users in conjunction with tracking technology; 

2. Location-based service maps. They are used together with reference maps, focusing 

on target marketing: users can see the spatial location of the target group on the 

map (for example, when searching for "café" on Google Maps, there will be many 

storefronts that match the option marked in on the map); 

3. Thematic visualisations. Users can convert information into different representations 

by clicking on the touch screen, in which case the map can use multiple theming 

styles; 

4. Exploratory geovisualisations. This purpose is to analyse data and transform 

geography into useful visual information; 

5. Narrative maps. Like naming, this format tells a story through a combination of 

maps, text, and images. With the addition of network technology, narrative maps are 

interactive and can tell stories in a hyper-textual, and graphic order; 

6. Wiki Maps. This is certainly an often-overlooked category. But it assumes the 

capacity to add people's personalised data, histories, knowledge and visual artifacts 

to the landscape, which can be a repository of mental maps and shared histories; 
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7. Persuasive and copy maps. A simple example of a persuasive map is a map of U.S. 

presidential election approval ratings by state. The purpose of such maps is to 

disseminate information quickly and easily. 

From the above discussion of the purpose-based definition of digital maps, it can be found 

that digital maps sometimes do not necessarily only serve one purpose (for example, Google 

Maps meets the purposes of both reference maps and location-based service maps). On the 

other hand, it can be found that digital maps and paper maps are sometimes similar. For 

example, paper maps are sometimes used to visualise geographical information, allowing 

users to determine directions and explore areas by region. Due to network technology and 

interactivity, digital maps often have more functions (such as touching the screen to zoom in 

and out of the map, quickly locating targets through the search function of the map, etc.). 

However, when its visual information design is discussed based on purpose and use, it 

should also refer to the design principles of paper maps for the same purpose. 

In Section 2.3.1.2, the importance of locating oneself when using maps has been mentioned. 

When locating, the self-centred view map has the best decision speed and navigation 

accuracy (Thomas, 2008). This is because people use the map from a self-centred 

perspective, which means that when using a map for navigation, we need to understand the 

space. For example, when we walk to a fork and need to turn, we need to align the map with 

the real environment (our direction). Interactive digital maps can do this automatically, 

displaying the live location of the user within the map which can make them easier to use. 

The navigator performs real-time navigation and reorientation during the wayfinding 

process. In this case, digital maps can be updated more easily to perform user-specific tasks 

than printed maps. However, the design of digital maps needs to consider some other 

factors such as scale, visualisation and generalisation, emotion and landmarks on the 

premise of satisfying the principles of map design. 

 

2.3.2.1. Scale 

When considering the medium of a mobile device, many limitations have been imposed on 
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the information design of digital maps. Nagi (2004), Dillemuth (2005), Chittaro (2006), Van 

Tonder and Wesson (2009) all suggested that the screen size of smartphones or tablets 

constrains the design of mobile maps. However, digital maps can be ‘more personalised’ 

than paper maps due to screen size and interactive features (Davidson, 2014): the scale of 

digital maps is no longer fixed, and compared to paper maps, users can customise the 

information according to their own needs to operate digital maps. This can be reflected on 

the map scale. Users can freely choose the appropriate map scale (Figure 2.4) by zooming 

in/out, which can allow for greater personalisation of user needs. If the goal is to present the 

entire range of the environment to understand the entire wayfinding process, a smaller scale 

map can be displayed; if the goal is to present each node (intersection) in real time, a larger 

scale of the map can be displayed. 

Figure 2.4. University of Leeds area at different scales on Google Maps 

   

 

2.3.2.2. Visualisation of map 

How to design the visual content of the map is essential, because the scale of the digital map 

is controllable, the visualisation of its geographic information needs to be considered. 

Reichenbacher (2004) listed the types of geographic information visualised on digital maps 

as: location and route, points of interest and regions, search results, events, and ranking of 

visual relevance or importance. Wang et al.’s (2018) research shows that maps should 

reduce the complexity of landmarks and views, and keep key nodes in key locations to 
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improve people's memory efficiency of the route. This is consistent with the principle of map 

design proposed by Apelt et al. (2007) where only important and memorable elements are 

used when choosing the displayed information. When the irrelevant details that would 

confuse the map are removed, the map information will be more clearly expressed. For 

example, underground route maps and railway traffic maps visually discard most of the 

geographic information and focus on the direction of the route, on the intersection and on 

the platform information. This is consistent with the fact that the visual effect in the design 

principles of maps is based on information transmission. As the scale of the map decreases, 

the level of detail of the information decreases (Töpferand and Pillewizer, 1966): a map of 

the national territory cannot depict the buildings and roads of the city on the map; while a 

map of the internal layout of the building can point out the role of each room and area in 

detail. For digital maps, building details can be omitted when viewing the context of an 

entire area, and the detail displayed on the map can be increased when the map scale is 

enlarged to view more detailed content. 

 

2.3.2.3. Emotion and landmarks 

Emotional changes occur when users read the map. When maps cannot effectively convey 

the information users need, causing reading difficulties, users can easily develop negative 

emotions such as anxiety and dissatisfaction (Wood, 1968; Winter and Tomko, 2004). 

Conversely, map information may convey positive emotions. Rodriguez's (2019) study on 

tourist maps combined the visual presentation of maps with cultural content, improved the 

visual content of tourist maps from the aspects of emotional design theory, storytelling, and 

visual information design, and suggested that map content attracts user interaction. Norman 

(2005) suggested that users' emotional responses are affected by design and aesthetics, and 

that the attractiveness of a product can be evaluated and reflected through user emotions. 

When considering the function of a map, i.e. its purpose, aesthetics should also be 

considered, in order to convey a positive emotion while ensuring legibility of the map. 

In the transmission of emotions by digital maps, some research shows that special 
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geographical information has a positive effect on the use of digital maps. Davidson (2014) 

indicated that having a recognisable landmark when using mobile maps has a positive 

impact on the successful use. As a special element in the environment, landmarks usually 

have certain visual characteristics. Their presence is usually unique and memorable and 

makes them easy to attract people's attention, contextualising a users position within the 

map space, and improving the clarity of the environment (Lynch, 1960). People's wayfinding 

behaviour is affected by the environment and there is evidence that people can obtain 

better spatial memory and performance in landmarked environments (Çubukçu and Nasar, 

2005). Siegel and White (1975) studied how to describe important locations in the 

environment, and suggested that using landmarks in the description can lead to more 

efficient results. The research of Kim et al. (2011) also shows that people are not only 

concerned about the destination building itself, but also other landmark buildings when 

looking for a route. Osmann and Wiedenbauer (2004) used landmarks as reference points to 

connect the locations of other nodes in the environment in their research. Moreover, 

landmarks can be used as guidance of routes and directions (Raubal and Winter, 2002). In 

the research of campus digital maps, this gives us the possibility to consider displaying 

landmarks on campus on maps, or in the form of attraction maps discussed in Section 

2.3.1.1. However, whether this form can meet the functional requirements of the map still 

needs to be verified in the following chapters. 

 

2.4. Research of campus digital map design 

In this section, the literature on campus wayfinding behaviour is reviewed. The problems 

and processes faced when finding the correct way on university campuses are discussed. In 

addition, the spatial relationship of the campus map is analysed, and the framework of the 

digital map design principles is preliminarily obtained.  
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2.4.1. Wayfinding behaviour in academic environments 

Existing literature and research on wayfinding in academic environments is very limited. 

Previous research on wayfinding systems includes research on indoor wayfinding in libraries, 

which uses unified signage to improve information resources and user experience (Barclay, 

2012; Li and Klippel, 2012; Mandel, 2013). There are also some studies on wayfinding 

behaviour in academic settings. Research by Scott-Webber et al. (2000) explored the 

challenges encountered by student groups when finding their way around indoors; Bishop 

(2011) investigated the steps people might take when getting lost in an academic 

environment; Canakry et al. (2016)'s investigation showed the emotional changes produced 

by wayfinding in a campus environment when time is limited. Other research on applications 

of campus digital maps focuses more on usage and functions of maps, either than 

information design applications (Mantoro et al., 2009; Roth et al., 2009; Wu et al., 2016; 

Zhang et al., 2019; Basri et al., 2020). There is currently a lack of in-depth discussion on the 

information design and usage of campus digital maps. Before conducting the research of the 

usage of current campus digital maps, a review of research on wayfinding behaviour in the 

academic environment is the last necessary step, divided into the problems encountered in 

wayfinding and the wayfinding process in academic environments. 

 

2.4.1.1. Wayfinding problems in academic environments 

Finding the way in academic environments includes outdoor and indoor wayfinding. This 

makes it necessary to consider horizontal and vertical transportation in different areas 

(Figure 2.5). Horizontal transportation can be understood as moving in a flat environment, 

often on the same level, such as in a park; vertical transportation is moving between 

different levels, such as different floors of a complex building. 
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Figure 2.5. Horizontal transportation (Left) and Vertical transportation (Right) 

   

 

Indoor and outdoor wayfinding technologies are different. Search engines such as Google 

and Microsoft Bing have developed wayfinding technologies to guide users to find their way 

outdoors, and use mobile phones to locate themselves. At the same time, Google Maps 

allows users to enlarge the map to display indoor maps of some buildings. However, indoor 

navigation seems to be restricted. Using a search engine as a framework to design a 

navigation system is a convenient method for outdoor wayfinding. The research by Arenghi 

et al. (2018) uses Google Map as a basic framework to design a map navigation system for 

people with disabilities. However, they may not be used effectively indoors. In the user 

research of student groups, it can be found that they have encountered more difficulties and 

challenges in indoor navigation (Scott-Webber et al., 2000). This may be due to the function 

of the teaching building, where users are often required to go to different locations within 

the same complex building. When the wayfinding system is unusable, people typically go to 

the reception desk of the campus building to find a route to a specific building or classroom 

(Bishop, 2011). Usually, staff will provide verbal instructions to help them reach their 

destination. However, the widespread use of smartphones today provides opportunities to 

create dynamic, interactive digital campus maps. This is in agreement with Roth et al. (2009) 

that the campus map can become an interactive online tool to facilitate the acquisition of 

spatial information. 

Disorientation during wayfinding can cause negative emotions such as anxiety and 

dissatisfaction (Passini, 1992; Yoo, 1992; Darken and Peterson, 2002). In addition, being 
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asked to complete a wayfinding task within a limited time may also cause stress and anxiety, 

which can affect perception and cognitive ability (Xie et al., 2012). Both first-year university 

students and experienced students feel stressed when they try to attend classes on time but 

cannot find the right location (Kanakri et al., 2016), which adds to the burden of performing 

a wayfinding task and getting lost. However, as explained in Section 2.2.2.2, the individual's 

familiarity with the destination clearly affects the wayfinding behaviour and efficiency and 

therefore this needs to be considered in this research. Moreover, the familiarity with the 

target location and environment is positively correlated with the frequency with which 

people use wayfinding assistance (Garling and Evans, 1992). Therefore, the relationship 

between wayfinding experience and personal wayfinding behaviour in a university 

environment is of importance in this research. 

 

2.4.1.2. Wayfinding task process in academic environments 

When discussing wayfinding behaviour in an academic environment, it is necessary to clarify 

what tasks people needs to complete when finding the way in this setting. Based on the 

purpose of human wayfinding, Allen (1999) divided wayfinding tasks into three categories:  

1. Travel between two known places along a familiar route;  

2. Travel to explore the surrounding environment of a familiar area;  

3. Travel from a familiar place of origin to an unfamiliar destination.  

Traveling between known starting and ending points is very common. Commuting between 

residence and work locations is a common example of daily life in an academic environment. 

Exploratory wayfinding often happens inadvertently, with the purpose of learning the 

surrounding environment. In an academic environment, a complex space allows users to 

perform exploratory wayfinding, such as exploring the environment around a classroom. In 

addition, Kanakri et al. (2016) indicated that major users (students, teachers and staff) in 

universities are often required to go to unfamiliar places. This type of wayfinding makes 

them more dependent on the help of wayfinding systems. There are no clear boundaries 

between these three types of wayfinding tasks, as people in the academic environment are 
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likely to perform all these different wayfinding tasks according to their needs. Table 2.2 

shows the different wayfinding tasks in an academic environment and the problems 

encountered. 

Table 2.2. Wayfinding tasks in academic environment. 

Wayfinding 

task 

Purpose Wayfinding purpose examples 

in academic environments 

Problems when finding the way in 

academic environments 

Commute Travel from 

familiar place to 

familiar place. 

• Go to regular classroom from 

home; 

• Go to the office from home; 

• Go to restaurant from 

classroom. 

• Need reach the destination on 

time (Xie et al., 2012; Kanakri er al., 

2016); 

• The destination address is updated 

or different from the address in 

memory (Agarwal and Lawrence, 

2014); 

• Difficult to find the specific 

building and specific room number 

through the same wayfinding system 

(i.e. map, signage) (Chao, 2016); 

• Need to travel to different 

locations within the same complex 

building (Scott-Webber. 2000; 

Bishop, 2011). 

Explore Learn the 

environment 

around a known 

starting point. 

• Walk around the teaching 

building; 

• View the layout of the library. 

Quest Travel from a 

familiar place of 

origin to a strange 

destination. 

• Go to a strange place for a 

meeting; 

• Change of class location; 

• Find a book in the library. 

 

As the wayfinding tasks in academic environments can be divided into three categories, 

what strategies to follow when completing these tasks need to be discussed. Passini (1981) 

referred to wayfinding as the sum of multiple tasks. The success of each wayfinding task 

depends on the success of the previous task. All paths from the beginning to the end of the 

wayfinding strategy can form a tree diagram. All nodes connected to the starting point 

through paths are combined into the first level, and subsequent nodes extending from the 

node are the second level. Similarly, third and fourth levels can be obtained. The wayfinding 

strategy at the same level can be called ‘breadth search’, and the wayfinding strategy at 

different levels until there are no extended nodes is called ‘depth search’. Among them, 

depth search is suitable for commute and quest tasks. Breadth search applies to explore 

task. The farther the destination, the more effective the depth-first search strategy; on the 

contrary, the closer the destination, the more effective the breadth-first search strategy. 
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From the discussion of map scales in Section 2.3.2.1, it can be concluded that different 

scales should show different levels of detail. Considering the applicable conditions of the 

two searches, the information of the nodes on the map needs to be considered in order to 

avoid obstacles to information acquisition. 

As part of the digital university, campus digital maps can be designed to help users complete 

daily wayfinding tasks. One of campus digital maps’ important functions is to show the 

various locations in a university. At the same time, campus digital maps are different from 

general navigational digital maps (such as Google Maps). Because a campus digital map is 

specially designed for the campus, it can add more functions based on the needs of 

university users. In the visual survey, the function of the campus digital map will be analysed 

in detail.  

 

2.4.2. The spatial relationship of the map 

The spatial relationship and information structure of the map are important components of 

map information. Cao et al. (2008) believe that, in addition to paths and intersections, the 

spatial relationship of campus maps also needs to represent the relationship between the 

direction of spatial objects and the direction and order of buildings. This may be because 

people need to understand the real environment through virtual objects on the map. There 

are a large number of buildings on the campus and users' commuting needs require them to 

know the distribution and orientation of the buildings. This means that the spatial 

relationship of map information needs to be divided according to user needs to help them 

find relevant information more effectively when performing wayfinding tasks. 

 

2.4.3. Text and layout 

Apelt et al. (2007) mentioned in the design principles of the map that the text and layout of 

the map should be proportionate and neat, avoiding the use of letter and number codes. 
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However, due to complex and diverse buildings and different names, many universities often 

use digital codes to represent buildings on signage maps and printed maps (Figure 2.6). At 

the same time, buildings are distributed in the environment, which is difficult to guide to a 

certain extent, and cannot provide enough information for people to find the next sign or 

map (Apelt et al., 2007). 

Figure 2.6. University printed and signage maps (Oxford, Leeds, Manchester and Shepherd) 
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Interactive digital maps have the potential to include more detail in visual expression and 

level of information than printed maps and signage maps. When testing interactive maps, 

Slocum et al. (2004) found that students and teachers can easily overcome technical 

obstacles because they use computers and smartphones every day. Kim (2011) studied how 

visitors interact with the university's existing campus signage and digital maps and 

acknowledged that digital maps can be more personalised and enhance the map's appeal by 

displaying and interacting with information of buildings and landmarks. Chao (2016) also 

completed research focusing on campus interactive maps. Unlike railway traffic maps, 

campus maps are characterised by their block characteristics (space occupancy of campus 

buildings) and user purposes (reaching different campus buildings and rooms). In an 

academic environment, the correlation between nodes and areas is stronger: student 

dormitories may be in the same area; teaching buildings and administrative units of different 

schools can be divided into different areas; connected building groups may have similar 

functions (teaching or laboratory? living residence or activity facility?) can also be integrated 

into unified areas. More consideration should be given to the relationship between shapes, 

paths, and spaces in the display of map information. 

In addition, Chao’s (2016) research indicates that when using an interactive campus map, 

people's search examples include many building names and room numbers, which is 

consistent with the findings of Scott-Webber et al. (2000) and Bishop (2011). Such searches 

may be the result of users copying and pasting from course catalogues, and users of 

university campus wayfinding systems are often required to enter unfamiliar rooms. 

However, building plans with room numbers are usually not displayed on the navigational 

digital map, and finding a specific room depends more on the guidance of the wayfinding 

system inside the building. In addition, frequently changed office numbers and names make 

the information on the network sometimes obsolete and cannot provide complete 

information about the location (Agarwal and Lawrence, 2014). The campus digital map 

provides an opportunity to present the internal layout of the building on the map to assist in 

wayfinding. At the same time, the campus digital map that belongs to the university has an 

advantage in updating network information. The map information can be changed according 
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to the changes of facilities and personnel for the convenience of users. 

2.4.4. Summary 

This chapter analyses the campus digital map design theory. The existing literature has been 

organised and divided into the following sections: wayfinding behaviour in academic 

settings, spatial relationships in maps, and text and layout. Due to the lack of research on 

wayfinding in academic environments, this summary is combined with the review on digital 

map theory in Section 2.3 to discuss the design principles of digital maps and their 

application to campus digital maps: 

SECTION 2.3 

The first part analyses the different visual effects of maps and draws on user experience the 

importance of successful orientation for users when using maps. 

The second part analyses the advantages of digital maps from the aspects of scale, 

visualisation, emotion, landmarks, etc., and sorts out the design principles of digital maps. 

SECTION 2.4 

In the third part, the researcher discusses the problems people encounter when finding 

their way in the academic environment, analyses and evaluates the wayfinding in indoor and 

outdoor environments, and concludes the feasibility of campus digital map research. 

The fourth part elaborates on the information needs of campus digital maps and analyses 

the advantages of using digital maps on campus. 

As a conclusion, a framework of design principles applicable to campus digital maps (Table 

2.3) is developed for reference in subsequent research. 
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Table 2.3. Framework of digital map design principles. 

Map information Design principles 

Spatial 

information 

The organisational elements of spatial information, including paths, landmarks and 

areas, should be displayed on the map (Apelt et al., 2007); 

The spatial relationship of the campus map needs to represent the relationship 

between the direction of space objects and the direction and order of buildings (Cao et 

al., 2008); 

When using digital maps for positioning, a self-centred view should be taken (Thomas, 

2008); 

Digital maps can display information about buildings and landmarks and interact with 

them to enhance the attractiveness of the map (Kim, 2011); 

The complexity of landmarks and views should be reduced, and key nodes should be 

kept in key positions (Wang et al., 2018); 

Using recognisable landmarks on digital maps (Siegel and White, 1975; Çubukçu and 

Nasar, 2005; Davidson, 2014). 

Text and layout Use only important and memorable elements when choosing the information displayed 

(Apelt et al., 2007, p.4); 

The text and layout of the map should be proportional and neat, and avoid using letter 

codes and number codes. (Apelt et al., 2007); 

The display of map information should consider more the relationship between shapes, 

paths, and spaces; 

Campus digital maps have advantages in updating network information, and the 

information can be updated according to changes in facilities and personnel. 

Scale Users should be allowed to freely choose the appropriate map scale (Davidson, 2014); 

As the scale of the map shrinks, the level of detail of the information should decrease 

(Töpferand and Pilewizer, 1966). 

 

2.5. Discussion 

This chapter analyses human wayfinding behaviours and map design. The existing literature 

has been organised and divided into the following three parts: 

1. Wayfinding design theory. Includes a discussion of human wayfinding behaviour, 

user-centred wayfinding design considerations, and research and design principles 

related to information structure in wayfinding system design. 

2. Map design theory. Includes discussion of map design principles and related 
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theoretical research on digital map design. 

3. Campus digital map design theory. Includes a review of research on wayfinding 

behaviour in academic settings, spatial relationships in maps, and text and layout. 

In reviewing these three parts, this research follows an in-depth sequential approach. 

First, the entire background related to the research needs to be understood: What research 

references and opportunities can related research on humans’ use of wayfinding systems 

and their wayfinding behaviours bring to this research? As a conclusion, this thesis conducts 

an understanding of the user's wayfinding process and decision-making, the construction of 

cognitive maps, and how environmental familiarity affects user wayfinding, which all provide 

support for the three experimental contents and participant recruitment conditions of this 

research. The research of the information structure of the wayfinding system divided the 

information into signage, image, colour, typography and layout, and finally sorted out a 

framework of wayfinding design principles suitable for this research, providing a reference 

for the final design principles of campus digital maps. 

Second, a more in-depth review: How does a map work as a wayfinding system? How can 

research into map design and digital map development support this thesis? In this session, 

map design principles are discussed, including the visual elements and user experience of 

maps, and then a detailed understanding of the development, functional and aesthetic 

requirements from the uses, scale changes, visualisation, emotions and landmarks of digital 

maps. 

Finally, as the understanding of existing wayfinding design and map design knowledge 

deepens, this research focuses on relevant research and cases in the field to which the thesis 

belongs. Research on wayfinding behaviour in academic environments is reviewed and 

provides an initial understanding of the difficulties people tend to encounter when finding 

their way in academic settings (they are indicated and expanded on in subsequent 

experiments). Focusing on wayfinding behaviour in a specific environment requires 

understanding people's purpose of wayfinding. This research combines the concept of 
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wayfinding tasks to map people's wayfinding behaviour in an academic environment to tasks 

one-to-one, and thus guides the task content design of subsequent Experiment II and 

Experiment III. After then reviewing the relevant research on the spatial relationship, text 

and layout of campus maps, combined with the review of the design principles of digital 

maps, as a summary, a framework of digital map design principles is sorted out, which also 

provides theoretical support and reference for campus digital map design principles. 
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3. Existing deficiencies of current campus digital maps 

After reviewing existing research on wayfinding behaviour and map design principles, this 

chapter examines the legibility of existing campus digital maps. The research in this chapter 

is carried out in three parts. First of all, academic institutions in the UK were considered, and 

their use of their campus digital maps explored, in order to have a preliminary 

understanding of the existence of independently designed campus digital maps. Next, five 

representative campus digital maps were selected, and their design styles and limitations 

were analysed according to the map design principles summarised in Chapter 2. The 

research results help to refine the design principles of campus digital maps in the early 

stage. On a deeper level, through questionnaire investigation, the limitations of digital map 

information (e.g. when people get lost on campus) and the user experience were explored, 

to provide effective suggestions for the next user test. 

 

3.1. Introduction 

In Chapter 2, the necessity of an independently designed digital map in the complex 

environment of the university has been found. University users live, study and work on 

campus, and a well-designed campus digital map plays a significant role in improving 

people's wayfinding efficiency. 

The purpose of the research is to evaluate the design quality of existing UK campus digital 

maps based on wayfinding information design principles and digital map design theory, and 

to find out their design limitations in terms of visualisation and function. In addition, the aim 

of the research conducts user needs, explores the use of digital maps by university users and 

their evaluation of campus digital maps, and then proposes more effective design directions. 

The three main research objectives are as follows: 

1. To find out how existing digital campus maps exist and how they are used; 

2. To evaluate the legibility of existing maps in terms of visual design and functionality, 

and identify limitations that affect user efficiency; 
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3. To understand user's behaviour and performance when looking for information/ 

places on campus, and investigate people's understanding and use of campus digital 

maps. 

Guided by the research objectives, the research proposes the following research questions: 

1. Do UK academic institutions value independently designed digital maps of their 

campuses? 

2. What design limitations can be identified from the visual design of the map based on 

the principles of wayfinding design and digital map design? 

3. How are people using campus digital maps and where do people tend to get lost in 

university environment?  

To achieve the objectives and answer the research questions, visual surveys and an online 

questionnaire investigation are carried out in this chapter. More details about why 

questionnaire is chosen as the research method of this research will be introduced in detail 

in this chapter. 

 

3.2. Study I: Survey on the usage of digital maps in UK universities 

In this research, the current usage of campus digital maps in universities is considered. In 

order to investigate how current universities in UK use digital map on campus, universities in 

the UK were listed through the UK government website (https://www.gov.uk/check-university-

award-degree).   

 

3.2.1. Sample selection criteria 

265 universities and colleges were listed at the beginning. All the institutions on the list are 

recognised bodies with university status, but some of them were removed because they 

conflicted with the research analysis direction, or did not meet the analysis requirements.  

The reasons for removing them from the lists are as follows:  

https://www.gov.uk/check-university-award-degree
https://www.gov.uk/check-university-award-degree
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1. Institutions do not have a complex outdoor environment (Abertay University, 

Blackburn College, British College of Osteopathic Medicine, and Cardiff Metropolitan 

University, etc.); 

2. Institutions have mobile applications with maps, but do not allow visitors without a 

university account to use them, which makes it difficult to ascertain whether the 

map is an own designed campus digital map (Aberystwyth University, University 

College Birmingham, Bishop Grosseteste University, University of Bristol, University 

of Lincoln, etc.); 

3. Institutions have more than one location in different cities (University of Central 

Lancashire, East Riding College, University of the Highlands and Islands, etc.).  

After selection, the list finally included 75 institutions which have complex outdoor 

environment (schools, buildings, facilities, etc.) and allow visitors to use their mobile 

applications.   

The list records the use of digital maps by the selected institutions from four aspects:  

1. Whether the official website of the institution has an interactive campus digital map; 

2. Whether the institution provides its own mobile application; 

3. Whether the mobile application provides an interactive self-designed campus digital 

map; 

4. Whether the mobile application has a digital map that is not self-designed, such as 

Google Maps.  

Appendix I shows the list of final chosen institutions. Whether they meet the above aspects 

is presented in the form of a heat map in Appendix I. In addition, Appendix II lists the campus 

digital maps published online by these academic institutions as evidence. 
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3.2.2. Analysis and conclusion 

As shown in Table 3.1, the results show that among the 75 institutions, a total of 29 have 

interactive campus digital maps on their official websites; 57 have downloadable mobile 

applications. Among them, 20 have both, accounting for 26.7% of the total. Ten institutions 

only provide downloadable paper campus maps, or do not provide campus maps. Among 

those institutions with mobile applications, 86% provide digital maps, of which 24.5% are 

self-designed campus digital maps. However, in the choice of wayfinding system, 75.5% of 

institutions only provide links to external digital maps (such as Google Maps). Among these 

institutions, 12 institutions can find interactive campus digital maps on their mobile 

applications, accounting for 30% of the number of mobile applications linked to external 

digital maps. 26 institutions do not have their own interactive campus digital maps. Heat 

map of the choices can be viewed in Appendix I. 

Table 3.1. British academic institutions’ usage of campus digital maps 

Institutions’ 

provision 

Interactive campus  

digital map 

University’s  

mobile application 

Own mobile  

digital map 

Not own mobile 

designed map 

Provide 
29 57 12 37 

20 0 

Not provide 10 26 

 

From the perspective of the convenience of digital maps, mobile phone users can access and 

use digital maps to find their way more conveniently than desktop computer users because 

they can use digital maps in real time outdoors. Among the 57 institutions that provided 

mobile applications, the applications often have functions that facilitate the daily work and 

life of campus users, such as class schedules, library rental systems, computer room usage, 

and campus notifications (Figure 3.1). Providing the wayfinding function in the mobile phone 

application will make it more convenient for users to understand and use the university 

environment. 
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Figure 3.1. Main page of Kingston University’s mobile application (Left) and De Montfort University’s mobile 

application (Right) 

            

 

External digital maps are heavily used as a tool in academic institutions’ wayfinding systems. 

However, its use efficiency in the campus environment cannot meet users' expectations; 

when institutions link wayfinding systems with external common maps, the usability of 

digital maps of their campuses is greatly reduced. In addition, when the institution only uses 

the web window of the official website as the primary medium to provide the campus digital 

map, its usability is reduced. However, using an external digital map on the wayfinding 

system of a mobile phone application cannot help users to find their way in a campus 

environment efficiently and conveniently. An interactive campus digital map that conforms 

to the campus environment is more suitable for a specific institution, and can give users a 

better experience in terms of information detail and update timeliness. Therefore, the next 
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step of the research will focus on the detailed study of the visual elements and information 

design of existing campus digital maps to explore the limitations in terms of legibility and 

efficiency. 

 

3.3. Study II: Visual survey of campus digital maps 

After collation and preliminary analysis of the use of existing digital maps of British 

universities and colleges, this research selects campus digital maps of several universities as 

case studies for visual survey. Evaluation of them help the researcher better understand the 

information distribution of the campus digital maps, and obtain examples of good practice, 

as well as less successful cases that have limitations, providing a research basis for 

subsequent research. 

 

3.3.1. Sample selection criteria 

For visual survey, 5 British universities with campus digital maps are selected for analysis 

with focus on the information and functions conveyed by digital maps. These universities 

are: University of Leeds, University of Manchester, University of Sheffield, University of 

Oxford, University of Cambridge. The reason for choosing these universities is because they 

are the most comparable: their geographical environment has certain similarities, they are 

all located in the city, and all have complex campus environments. Their campus area has a 

boundary with the urban area, and the campus buildings are concentrated in a special area.  

Chapter 2 has studied that digital maps can be used on mobile phones, tablets, laptops and 

other devices. As the most portable and simple mobile interactive device, mobile phones are 

first considered as the display device for digital maps. However, the development of campus 

digital maps based on mobile applications is very limited. Only the University of Leeds and 

the University of Sheffield have mobile applications that visits are allowed to use. However, 

their functions are very limited, and the wayfinding function needs to be completed with the 

help of Google Maps. Therefore, the visual survey samples selected are the desktop format 
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of the maps. They can be accessed using a laptop or tablet. 

 

3.3.2. Procedure 

The following features of the digital map are analysed: the overview of the map, the 

operation mode of the interactive interface, and the available map functions. Digital maps of 

the universities are compared and analysed to identify good and bad practice. Finally, a list 

of guidelines is created on the basis of this campus digital map analysis. 

 

3.3.3. Results of the visual survey 

After entering the original interactive campus map, the entire area of the campus is 

displayed to the user and provides available map functions. 

 

3.3.3.1. Map visual elements 

In the original interface, all five universities have information of the real environment but 

use distorted geography (Cartwright, 2014). They also have a certain similarity in the visual 

expression of information and show different effects in certain aspects. According to Tyner’s 

(2014) requirements for key visual elements of the map, the same can be drawn in lines, 

shapes and colours. Tyner’s (2014) principles were used to analyse the maps (as shown in 

Table 3.2), and these include:  

LINES: use lines to represent roads;  

SHAPES: use different shapes to represent the landscape with volume in the real 

environment (such as buildings/lawns/rivers and lakes);  

COLOURS: Use colours similar to the actual environment to represent lawns and rivers. 
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Table 3.2. Key visual elements performance of campus digital maps 

 University of 

Leeds 

University of 

Manchester 

University of 

Oxford 

University of 

Cambridge 

University of 

Sheffield 

Lines 

Road thickness 

corresponds to 

the width of the 

road in the real 

environment; 

 

Paths through 

the buildings are 

represented by 

transparency 

changes; 

 

Use thinner lines 

& dotted lines to 

represent 

pedestrian areas; 

 

The campus area 

is separated from 

the city. 

Road thickness 

corresponds to 

the width of the 

road in the real 

environment; 

 

Use thinner lines 

to represent 

pedestrian areas; 

 

One-way street 

assists with 

narrows to guide 

the directions. 

 

Road thickness 

corresponds to 

the width of the 

road in the real 

environment; 

 

Roads use 

different 

representations 

(colour, 

thickness, dotted 

& solid lines) 

depending on the 

functions; 

 

Paths through 

the buildings are 

represented 

directly. 

Road thickness 

corresponds to 

the width of the 

road in the real 

environment; 

 

Paths through 

the buildings are 

represented by 

dashed lines; 

 

One-way street 

assists with 

narrows to guide 

the directions; 

 

Different blocks 

are circled; 

 

Roads use the 

same width; 

 

Use dotted lines 

to indicate 

underpass. 
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 University of 

Leeds 

University of 

Manchester 

University of 

Oxford 

University of 

Cambridge 

University of 

Sheffield 

Lines    

Roads of 

different 

representations 

(colour,thickness, 

dotted & solid 

lines) depending 

on the functions. 

 

Shapes 

Use geometric 

images to 

represent 

building 

appearance; 

 

Connected 

building groups 

are represented 

individually. 

 

Use geometric 

images to 

represent 

building 

appearance; 

 

Connected 

building groups 

are represented 

by a single shape. 

Use geometric 

images to 

represent 

building 

appearance; 

 

Connected 

building groups 

are represented 

individually. 

Use geometric 

images to 

represent 

building 

appearance; 

 

Connected 

building groups 

are represented 

individually. 

Architectural 

shapes are 

represented in 

three-

dimensional 

drawings. 
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 University of 

Leeds 

University of 

Manchester 

University of 

Oxford 

University of 

Cambridge 

University of 

Sheffield 

Colours 

Buildings use low 

saturation 

colours like 

background so 

that the buildings 

are not promine-

nt on the map; 

Buildings use two 

colours to distin-

guish connected 

buildings; 

 

Use low-

saturated grey as 

the background 

colour; 

 

Green (lawn), 

white (road) and 

orange (lines 

dividing the 

campus area). 

Buildings use 

different colours 

according to 

their functions; 

 

Campus buildings 

use colours that 

contrast with the 

background to 

make them stand 

out from the 

environment, 

and only campus 

buildings appear 

on the map; 

 

 

Use low-

saturated grey as 

the background 

colour. 

Use low-

saturated green 

as the 

background 

colour; 

 

Most of the 

buildings are in 

light gray; a small 

number of 

buildings are 

represented in 

dark gray/low 

saturated blue. 

Use low-

saturated grey as 

the background 

colour; 

 

Use different 

colours to 

distinguish 

colleges areas; 

 

Use many hues 

to enrich the 

map colours. 

Use white as the 

background 

colour; 

 

Buildings use 

different colours 

to enrich the 

map colours. 
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In the campus area, the digital maps of these universities have taken measures to distinguish 

the campus environment from the urban area. When entering the original interface of the 

digital map, users can quickly find the campus area. At the same time, when entering the 

original interface, the map places the campus area in the centre of the interface. In terms of 

scale selection, the original interface of the digital maps of the University of Leeds (Figure 

3.2), the University of Manchester (Figure 3.3) and the University of Sheffield (Figure 3.6) 

shows the entire campus, while University of Oxford (Figure 3.4) and University of 

Cambridge (Figure 3.5) show the local area of the campus. Displaying the entire campus area 

allows the user to quickly identify the campus coverage area in the city, while the local area 

prevents the user from confirming the location to a certain extent. 

Figure 3.2. University of Leeds digital map starting page 
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Figure 3.3. University of Manchester digital map starting page 

 

 

Figure 3.4. University of Oxford digital map starting page 
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Figure 3.5. University of Cambridge digital map starting page 

 

 

Figure 3.6. University of Sheffield digital map starting page 

 

 

Regarding the choice of information, except for the University of Leeds, the remaining 

selected cases use shapes and colours to make the buildings in the university stand out in 

the environment. The digital map of the University of Leeds has the cleanest visual effect in 

the selected cases, with only roads included in the map information (Figure 3.2). However, 

this makes it difficult to identify the campus areas because building and facility information 

cannot be obtained from the map. The campus digital map of the University of Sheffield 
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separates the campus area and does not display any information outside the campus 

environment (Figure 3.6). While eliminating all the extra information, this map separates the 

campus area and ignores the surrounding environment. When a user interacts with this map 

to find a way, access to the campus environment from the external environment cannot be 

obtained. As for the University of Oxford, it uses text to indicate the campus area (Figure 

3.4). Compared with other cases, the users cannot quickly identify the edge of the campus 

area using this map. On the original interface, the map of University of Cambridge shows the 

most amount of information where text is used to indicate the various areas of the campus 

(Figure 3.5). While allowing users to obtain more information, the original interface of this 

map is the most complex and has low legibility, which may impair recognition and cause 

negative emotions for users. 

After the visual survey, the following representations of key visual elements of the map can 

be derived: 

LINES: 

1. Use lines to represent roads; 

2. Change the thickness of lines to indicate the width of roads; 

3. Change the form of lines (dotted/solid lines, transparency) to represent different 

functions (sidewalks, driveways, paths through buildings, underpass, etc.); 

4. Arrows can be added to lines representing lanes to indicate the direction of a one-

way street; 

5. Use lines to frame campus areas to make the campus environment independent of 

the city. 

SHAPES: 

1. Use different shapes to represent the landscape with volume in the real environment 

(such as buildings/lawns/rivers and lakes); 

2. Connected building groups should be represented separately. 
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COLOURS: 

1. Use colours similar to the actual environment to represent lawns and rivers (green 

and blue); 

2. When the background colour and the colour of the visual elements are similar, it may 

be difficult to read the information (University of Leeds); 

3. Use different coloured lines can represent different road functions (University of 

Cambridge); 

4. Buildings can use different colours to increase the colour diversity of the map and the 

distinction between building groups: 

a. Two-hues differentiation (University of Leeds). Use minimal colours so that 

connected buildings are not difficult to distinguish; 

b. Colour sequence changes (University of Manchester, University of Oxford). The 

visual elements in the map have more than one hue, and the brightness and 

saturation change in sequence, so that the colours of different information 

change without causing reading difficulties due to too many colours; 

c. Hue changes (University of Cambridge). Use different hues to add colour richness 

and show differentiate areas in the environment. 

 

3.3.3.2. Interaction and operation 

While displaying the entire campus, all selected cases provide access to other information 

on the map. Firstly, all 5 cases have a search field that allows users to search for building 

names, departments, and areas of interest. Secondly, all of them have expandable menus 

display popular sites such as facilities and buildings on campus. The visual survey of this part 

is based on the framework of map principles summarised in the previous content (as shown 

in Table 2.3, in Chapter 2). The five samples are analysed separately below. 

UNIVERSITY OF LEEDS 

I) Spatial information: Since the map at any scale only provides road information, when the 

user wants to know the information of a certain facility, for example, a building name, it 
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cannot be directly found on the map, and can only be displayed on the map through the 

search function. When the user's wayfinding purpose is to explore or quest (Allen, 1999), the 

map cannot meet their needs. In the “Walks/Routes” function, only two routes are provided, 

and this is not explained (Figure 3.7).  

Figure 3.7. University of Leeds digital map - art attractions and two routes 

 

 

II) Text and layout: The menu of the map is hidden at the bottom of the page, and the menu 

functions are divided into facilities, art on campus, walks/routes, download map. When the 

user clicks on facilities, 12 overlays including food and culture are displayed. When one 

facility is selected, all eligible areas on the map will be marked, and clicking the mark on the 

map will bring up a link to provide more information about the facility (Figure 3.8). However, 

the screen size limits the number of menus displayed, and facility options cannot all appear 

on the screen. This will increase confusion because they do not confirm the complete 

options.  
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 Figure 3.8. University of Leeds digital map - select “Libraries” on the menu 

 

 

III) Scale: A pair of zoom buttons ("+" and "-") are provided in the upper right corner of the 

map to change the scale of the map. The text information on the map only shows the names 

of the roads, and the directions are consistent with the roads. As the map scale increases, 

more road names are displayed on the map. 

UNIVERSITY OF MANCHESTER  

I) Spatial information: Building categories are provided below the map, and they are divided 

into four categories using schematic diagrams (Figure 3.9). The user can directly operate the 

map and click on the shape on the map to obtain the name information of the facility. 

Figure 3.9. University of Manchester digital map – Campus facilities category  
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II) Text and layout: The map’s menu locates on the left side of the map, dividing the popular 

list on campus into 13 options (Figure 3.10). They are presented in a drop-down list, and 

users can see all the options on the screen at the same time. They will be marked on the 

map when people choose them.  

III) Scale: The map also provides zoom button. The button is located in the upper left corner 

and lower right corner of the map. At the same time, a full-screen button is provided in the 

upper right corner of the map, allowing users to view the map in full-screen mode. Only 

roads’ names are displayed on the map, and marked on the road lines. Road information 

increases as the map scale increases. 

Figure 3.10. University of Manchester digital map – menu   
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UNIVERSITY OF OXFORD  

I) Spatial information: There is a positioning button in the lower left corner of the map, 

which allows users to quickly get their position in the environment.  

II) Text and layout: The menu divides the facilities and buildings on campus into “University” 

and “Lifestyle” (Figure 3.11). This separates the users’ work/learning needs from their daily 

needs, allowing them to quickly identify the list to which their target belongs. When 

selecting the “University” list, there is a drop-down menu that provides all the choices that 

match the keyword. For example, when the user needs to find “Exeter College”, the target 

can be found in alphabetical order in the “Colleges” menu bar. While displaying the target 

building, the map provides an additional information bar for users to understand the 

detailed information of the selected target (Figure 3.12). 

Figure 3.11. University of Oxford digital map - menu 
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Figure 3.12. University facilities information example – Exeter College 

 

 

III) Scale: The map has a zoom button, located in the lower right corner of the map. In 

addition, the map provides four levels of scale. The first level is the minimum scale, users 

can see the entire campus area on the screen, and the text information on the map only 

shows the area name. By enlarging the scale to the second level, the map shows the name 

of each college, and indicates the name of the main road. The names of other facilities and 

buildings are added to the scale of the third level, and arrows appear on the road to indicate 

the road direction. At the level with the largest scale, the building names in colleges appear 

on the map, and some complex buildings provide simple internal layouts, such as the 

location of staircase and gate. 

UNIVERSITY OF CAMBRIDGE  

I) Spatial information: When the user clicks the left mouse button at any coordinate of the 

map, a menu will appear at that coordinate (Figure 3.13). In the menu, the user can choose 

to view the street view of the area. Unfortunately, this feature is a link that allows users to 

use Google Maps to visit Street View, but does not provide a way to return to the original 

campus digital map. 
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Figure 3.13. University of Cambridge digital map - coordinate menu 

 

 

II) Text and layout: The user is allowed to mark the coordinates and use the whole screen to 

view the map. When the user wants to know the information of one coordinate, the “what’s 

here” function displays the institutions near the location in the menu on the left side of the 

map and provides detailed information. Text information on this map is complicated and 

difficult to read. The information is displayed in different sizes, some are in italics, and some 

are all capital letters, and there is no unified format (Figure 3.14). At the same scale, it 

displays too much information, which makes the map information unclear. 
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Figure 3.14. University of Cambridge digital map – information chaos on the map 

 

 

III) Scale: The map provides 7 different scales. At the smallest scale, users can see an entire 

campus area on the screen. But in the original interface, the map uses the fourth scale. In 

this case, users cannot fully see the entire campus. In addition, in order from the largest to 

the smallest, the first and second scales, the third and fourth scales, and the sixth and 

seventh scales have similar levels of detail. It is difficult to hierarchise the information 

because the map is too crowded with text information. 

UNIVERSITY OF SHEFFIELD  

I) Spatial information: The map has an initialisation button that when clicked can return the 

map to the original interface.  

II) Text and layout: The menu is located on the left, and sites on the campus are divided into 
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three categories. Clicking on each category will bring up a drop-down menu, and alphabetise 

the corresponding options to form a list. Clicking on the selected facility or building, will 

locate the selection as the centre point and display related information (Figure 3.15). The 

text on the map shows only the road names and is in the same direction as the road lines. 

Figure 3.15. University of Sheffield digital map - information about Campus building 

 

 

III) Scale: The map has a zoom button, which is located in the lower left corner of the map. 

The map provides four scales, the original interface is the smallest scale. The information 

displayed on the map at any scale is the same.  

Next, we can view the visual survey results in the form of a heat map (Figure 3.16). The 

framework of digital map design principles obtained in Section 2.4.4 is listed one by one. 

Whether the campus digital maps in the visual survey can comply with these principles is 

expressed in a visual form. Among them, light red is used to correspond to those 

features/symbols that do not exist in the campus digital map; when there are these 

features/sizes, it is bright green. Simple results show that, overall, the selected campus 

digital map cannot effectively convey the map information. 
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Figure 3.16. Heat map of whether campus digital maps follow map design principles 

 Campus digital maps 

Map design principles 
University of 

Leeds 

University of 

Manchester 

University of 

Oxford 

University of 

Cambridge 

University of 

Sheffield 

      

Spatial information 

displayed on the map 
     

Show building direction 

and order 
     

Take self-centred view for 

positioning 
     

Display and interact with  

information 
     

Reduce landmark/ 

landscape complexity 
     

Use recognisable 

landmarks 
     

Display important and 

memorable elements 
     

Proportional and neat 

text layout 
     

Consider information 

with shapes, paths, space 
     

Can update network 

information 
     

Allows selection of 

appropriate scale 
     

Information varies with 

map scale 
     

      

 
 Principle followed 

 Principle not followed 
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3.3.4. Discussion of results 

The selected samples have their own characteristics in the map appearance, and the 

interaction and functions also show different styles. Unfortunately, they cannot be used by 

mobile users to locate and guide routes. The campus digital maps of the University of Leeds 

and the University of Manchester do not have the function of locating users and wayfinding; 

University of Oxford and University of Cambridge allow users to locate where they are, but 

cannot provide corresponding wayfinding suggestions; University of Sheffield provides a way 

to link to Google Maps, but cannot provide wayfinding assistance through the map itself.  

In terms of the relationship between information and scale, the map information of the 

University of Leeds, the University of Manchester and the University of Sheffield is 

inadequate, and the amount of information of the University of Cambridge is too much. 

Compared with them, Oxford University is a good example of the generalisation of 

information processing: at the same scale, there will not be too much text information, 

causing the text information to overlap; at the same time, too little information will not be 

displayed, and the text information will increase as the map is zoomed in. 

For interaction and function, the maps of the University of Manchester and University of 

Cambridge allow users to directly operate the map to obtain information, which is more 

convenient and user-friendly than using the menu outside the map. For the introduction of 

sites such as university facilities/buildings, the University of Leeds, University of Oxford and 

University of Cambridge all provide labels in the interface to display the detailed information 

of the selected site, which allows users to have a deeper understanding while not making 

the map information too complicated. Overall, the Oxford University map performed best. 

This is also the same result as the heat map performance, which shows that Oxford 

University satisfies the most design principles. In addition, the results of the visual survey 

show that the digital map in the case cannot meet users’ demand for wayfinding in the 

building.  

The guidelines emerging from this visual survey and also taking into account the literature 

reviewed in Chapter 2, that will be used at later stages of this research, are as Table 3.3 
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shown. 

Table 3.3. Visual survey findings: campus digital map design guidelines framework 

Map elements Guidelines 

Map overview Take measures to enable users to quickly identify campus areas on the map; 

The centre of the original map should be located in the campus area; 

Use shapes and colours to distinguish campus facilities and buildings, and can assist with 

schematic diagrams to remind facilities functions; 

The visual elements of the map should be balanced to avoid using too many formats. 

Map information The detailed level of information changes accordingly with the change of the map scale; 

The information on the map should be balanced and orderly (Tyner, 2014); 

Should avoid excessive information; 

Text information in the same format should be used. 

Digital map 

interaction 

Users should be allowed to locate themselves at any time; 

Combine the wayfinding function with the campus digital map to allow users to use the 

campus digital map for wayfinding; 

The menu should have hierarchy to avoid too much information at the same level; 

The user should be allowed to directly operate the map to view the facilities/buildings 

on the map. 

 

3.4. Experiment I: A questionnaire survey on the use of campus 

digital maps 

3.4.1. Suitability of methodology and research 

The questionnaire is one of the most direct ways to collect information and obtain a higher 

number of responses, which is important to identify behaviour and needs. The questionnaire 

can collect and analyse users' attitudes, opinions and preferences (O'Grady and O'Grady, 

2017). The questionnaire survey in this research was conducted online through Google 

Forms to collect information. Online questionnaires can avoid location and time interference 

(Blair and Conrad, 2011) and obtain information about participants in different geographic 

locations. At the same time, it is easier to obtain large amount of data, so that researchers 

can obtain more data without being affected by time and equipment (O’Grady and O’Grady, 
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2017). The purpose is to find users’ difficulties in finding paths on campus and 

understanding of digital maps.   

Participants were recruited among users of digital maps on universities. According to 

Muratovski (2016) and O'Grady and O'Grady (2017), the sample size in the online survey 

should be 30 or more. To further improve the reliability of the results, the sample size of this 

online survey should be at least 60. At the same time, it was discussed in the literature 

review that age, gender and educational background may affect people's wayfinding 

behaviour and efficiency (Abu- Ghazzeh, 1996; Lomperski, 1997; Allen, 1999; Chebat et al., 

2005; Kanakri et al., 2016; Güneş, 2018; Süzer, 2018; Wang et al., 2018). Therefore, 

participants were grouped according to the following factors: age, gender, occupation.   

 

3.4.2. Research aims and questions 

The visual survey revealed that current campus digital map design could be improved. This 

further research is to understand how to truly meet the users’ need. In order to better 

understand users’ knowledge and opinions on campus digital maps, the research uses online 

questionnaire to obtain users’ evaluations of campus digital maps, and provide relevant 

suggestions for creating campus digital maps that satisfy users, so as to improve the quality 

and readability of campus digital map design.   

In order to achieve the aims, three research questions were conducted: 

1. Where are people most likely to get lost on campus?  

2. What behaviours and expressions do people engage in when looking for information/ 

places on campus?  

3. How do people understand and use campus digital maps? 

Based on the research questions, the questionnaire was divided into three parts: a) basic 

questions (including participant gender, age range, university position, etc.); b) wayfinding 

experience on campus; c) experience in using digital maps. All questions in the questionnaire 

are shown in Appendix III. 
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3.4.3. Data collection and analysis 

The survey was based on the main users of campus digital maps. From October 9th to 

November 18th, 2020, 344 questionnaires were distributed to university students, staff 

(academic) and staff (others). There were 343 valid answers from people of different ages 

and different universities, making the survey results more authentic and reliable.   

 

3.4.3.1. Investigation and analysis of campus users 

The users of the campus digital map were composed of students, teachers and staff. The 

gender, age and occupation of the participants are shown in Table 3.4. Previous studies have 

suggested that gender, age, familiarity, experience, education and other factors can affect 

people's wayfinding behaviour (Güneş 2018; Süzer, 2018; Tao et al., 2018; Wang et al., 

2018). The age of the participants in this research was between 18-60 years old; including 

this makes the research data include users of all genders and age groups, and the 

occupations of the participants include students and staff which makes the data more 

credible. 

Table 3.4. Participants’ basic information for questionnaire 

N Gender Age Occupation 

343 109   Male 

225   Female 

9     Prefer not to say 

214    18-20 

43     21-30 

34     31-40 

28     41-50 

24     51-60 

249      Student 

90       Staff (Academic) 

3        Staff (Other) 

1        Visitor 

 

Since the participants who took part in the online questionnaire survey were only 

designated as campus users, their gender, age and position could not be controlled. Most of 

the participants were between 18 and 20 years old, accounting for 62.39% of the total 

number. The ratio of men to women was close to 1:2, and there were 9 other participants 

who did not want to reveal their gender. Among the 343 participants, 249 were students, 93 
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faculty members, and 1 visiting scholar. Participants were identified as frequent users of the 

campus environment. As mentioned in the previous paragraph, users’ personal factors may 

affect their wayfinding behaviour (Güneş 2018; Süzer, 2018; Tao et al., 2018; Wang et al., 

2018). However, the focus of this research is not on differences in wayfinding caused by 

factors such as user gender/age, but on exploring users' wayfinding behaviour and digital 

map usage experience in academic environments, so this research no longer focuses on this 

in the analysis stage. Future research may focus on the impact of individual differences. 

 

3.4.3.2. Analysis of campus wayfinding behaviour 

Analysis of campus wayfinding tasks 

The first step of the analysis of campus wayfinding behaviour is to understand the tasks that 

users need to complete in campus wayfinding. The questionnaire divides the wayfinding 

tasks on the university campus into three categories according to Allen (1999) research. As 

shown in Table 3.5, more than half of people think it is necessary to get help when going to 

an unfamiliar place purposefully (55.98%). Some people think that help is sometimes 

needed in this situation (25.95%). Only 18.07% of the participants considered it unnecessary. 

In addition, in the case of the commute task, half of the people think that no help is needed 

(48.98%), and this type of view also accounts for half of the explore task (41.96%). In 

previous surveys, it has been found that users on university campuses are often asked to go 

to unfamiliar locations (Kanakri et al., 2016). Participants' need for help is shown in Figure 

3.17. It can be found that people have obvious needs for quest tasks. The results indicated 

that it is necessary to conduct further research into this wayfinding task. 
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Table 3.5. Participants’ opinions of necessity for help when conducting wayfinding tasks in the university 

 
Opinion 

N Always Very often Sometimes Rarely Never 

Task 1. Commute 343 
13.70% 17.20% 

20.12% 
18.95% 30.03% 

30.90% 48.98% 

Task 2. Quest 343 
27.99% 27.99% 

25.95% 
13.70% 4.37% 

55.98% 18.07% 

Task 3. Explore 343 
14.58% 18.08% 

25.66% 
22.74% 18.95% 

32.66% 41.69% 

 

Task 1. Commuting between two places (e.g. from the residence to the commonly 

used office/classroom) 

Task 2. Purposefully go to an unfamiliar place (e.g. go to a building that has not been 

to) 

Task 3. Freely exploring the campus environment. 

 

Figure 3.17. Participants’ opinions of necessity for help when conducting different wayfinding tasks in the 

university 

 

 

Reasons for getting lost on campus and help 

In the previous research in Chapter 2, it was noted that people can be lost both in the indoor 
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and outdoor environment of the campus. Therefore, the research asked why people were 

lost in the campus environment and evaluated the effectiveness of the ways to ask for help.   

I) Indoor lost place 

University campuses are often composed of buildings. The research is based on the 

functions of buildings. With reference to the existing digital map of campus in the visual 

survey, the researcher classifies the campus indoor environment according to the 

classification of campus buildings and asks the participants about the situation of getting 

lost. Participants are allowed to make multiple choices. As a result, 76.38% of people lost 

their way in the teaching building; 23.91% in the library; 20.99% thought it was difficult to 

find the way in the dormitory building; 20.41% of the people would get lost in the gym; 

11.66% of people thought that they would get lost in the restaurant. In addition, 8.45% of 

the participants had different opinions. Analysing their answers, 4.57% of the participants 

did not think that they would get lost indoors, and 2.04% of the participants thought that 

the wayfinding in office buildings and laboratory buildings was confusing. It can be known 

that most people will get lost in the teaching building. The complex buildings and internal 

structure in the university environment cause people to risk getting lost in different 

buildings. 

II) Reasons for getting lost on campus 

According to the previous literature review and visual survey, the research selected 5 main 

reasons for getting lost on campus. As shown in Table 3.6, 39.06% of people believed that 

couldn’t understand the school map will lead to getting lost, and 30.02% of people believed 

that wrong information makes it impossible to find a route. Most people thought that the 

inability to find the entrance to the building is likely to lead to getting lost (60.64%); 69.97% 

of the participants thought that the most important reason for getting lost is the inability to 

find a specific room; many people thought that being asked to arrive at a designated place at 

a prescribed time would easily lead to getting lost (65.89%). In addition, through the 

feedback analysis of the participants, it is known that the lack of landmark navigation and 
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the confusion of campus building names and internal room numbers/labels can lead to 

getting lost. Through the analysis of the reasons for getting lost on campus, it is concluded 

that how to help users find building entrances and accurate rooms in a relatively short time 

will be the direction to improve the problem of getting lost on campus. 

Table 3.6. Participants’ opinions of reasons for having been lost on campus 

 

Opinion 

N Very likely Likely Neutral Unlikely 
Very 

unlikely 

Re 1. Map 343 
10.20% 28.86% 

27.11% 
22.45% 11.37% 

39.06% 33.82% 

Re 2. Information 343 
8.45% 21.57% 

24.49% 
34.40% 11.08% 

30.02% 45.48% 

Re 3. Entrance 343 
21.28% 39.36% 

21.87% 
12.24% 5.25% 

60.64% 17.49% 

Re 4. Room 343 
29.74% 40.23% 

19.53% 
7.87% 2.62% 

69.97% 10.49% 

Re 5. Time 343 
26.82% 39.07% 

22.45% 
7.29% 4.37% 

65.89% 11.66% 

 

Reason 1. Could not understand the university map 

Reason 2. The map gave me the wrong information 

Reason 3. Could not find the building entrance 

Reason 4. Could not find the specific room 

Reason 5. Was rushing to get a place on time 

 

III) Ways to help when getting lost on campus 

In order to identify more suitable ways to assist campus wayfinding, the research selected 

different commonly used campus wayfinding maps and obtained user reviews (Table 3.7). As 

a result, only 25.07% of users think paper maps are effective. 62.39% of the participants 

believed that the map board could help to find the way; similarly, the users who believed 

that the digital map was effective accounted for the majority (66.76%). Therefore, the 

direction digital map of this research has advantages and user expectations in the 
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effectiveness of campus wayfinding. 

Table 3.7. Participants’ opinions of map types to seek help when lost on campus 

 

Opinion 

N 
Very 

effective 
Effective Neutral Ineffective 

Very 

ineffective 

Map board 343 
18.37% 44.02% 

32.94% 
4.37% 0.29% 

62.39% 4.66% 

Paper map 343 
4.37% 20.70% 

53.94% 
14.87% 6.12% 

25.07% 20.99% 

Digital map 343 
21.28% 45.48% 

28.57% 
3.79% 0.87% 

66.76% 4.66% 

 

3.4.3.3. Analysis of the use of campus digital maps 

The investigation of the use of campus digital maps starts with the device. The research 

asked users about the usage habits and expectations of digital maps in order to obtain a 

more suitable medium for campus digital maps to interact with users. As a result, 96.5% of 

participants used digital maps (such as Google Maps) on mobile phones more often; for 

campus digital maps, 86.5% of participants chose mobile phones. This is in line with the 

previous literature research on digital maps, which believed that the mobile media enables 

digital maps to meet user experience requirements (Winter and Tomko, 2004). 

Unfortunately, only 46.36% of the participants confirmed that their universities have campus 

digital maps, while some participants think that their universities do not have campus digital 

maps (13.7%). In addition, 39.94% of the participants do not know whether a campus digital 

map exists. However, the survey revealed that users have expectations for the use of campus 

digital maps. Most of the participants expressed that they hope to find their way to their 

destination through the campus digital map (83.97%); more than half of the participants 

expected to use the campus digital map to find campus facilities (53.06%); 46.94% of the 

participants thought that positioning their location is very important; 45.77% of participants 

wished to understand the overall campus layout through the campus digital map. 
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The research analysed the samples of visual survey, combined with the digital map design 

principles from literature review, and selected 6 options from the visual effects and 

functions of the digital map. Participants were allowed to select all the ways that can bring a 

better experience to the campus digital map (Figure 3.18). The results of the research are 

shown in Figure 3.19. Except summary campus facilities and provide detailed information of 

the building/facilities inquired, other options have an approval rate of more than 50%. 

Figure 3.18. Features of the map functions that can provide a better user experience. 
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Figure 3.19. Percentage of participants choosing campus map features that can provide a better user 

experience. 

 

 

Therefore, the participants were asked about the assessment of these functions, as Table 3.8 

shows:  

1. In terms of the visual effects of the campus digital map, as a result, 69.97% of the 

participants thought that distinguish areas of the campus digital map was useful; 

most people believed that distinctive patterns should be used to represent campus 

buildings and facilities (70.55%); 70.84% participants hope that the campus digital 

map allows street view mode.  

2. In the use of the menu, 73.47% of the participants agreed that summarising and 

categorising campus facilities is a useful direction.  

3. In terms of wayfinding and location functions, 71.43% of participants hoped that 

campus digital maps provide detailed information about buildings and facilities; at 

the same time, 74.63% of the participants said that the campus digital map can have 
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the function of locating specific rooms, not just buildings. 

From the results of the survey, users have certain expectations for the use of campus digital 

maps. According to the summarised data, the priority of each aspect is: locate to room> 

facility classification> facility information> visual effect. 

Table 3.8. Participants’ opinions for of campus digital maps’ functions 

 

Opinion 

N 
Extremely 

useful 

Somewhat 

useful 

Neither 

useful nor 

useless 

Somewhat 

useless 

Extremely 

useless 

Func 1 343 
21.87% 48.10% 

26.24% 
2.92% 0.87% 

69.97% 3.79% 

Func 2 343 
22.45% 48.10% 

26.24% 
2.62% 0.58% 

70.55% 3.20% 

Func 3 343 
20.70% 52.77% 

23.91% 
2.04% 0.58% 

73.47% 2.62% 

Func 4 343 
24.49% 46.94% 

23.91% 
4.08% 0.58% 

71.43% 4.66% 

Func 5 343 
32.94% 41.69% 

22.74% 
1.75% 0.87% 

74.63% 2.62% 

Func 6 343 
28.57% 42.27% 

24.78% 
3.50% 0.87% 

70.84% 4.37% 

 

Function 1. Distinguish the campus area (i.e. use different colour blocks to indicate different 

areas) 

Function 2. Use special graphics to represent buildings 

Function 3. Summarise campus facilities 

Function 4. Provide detailed information of the building/facilities inquired 

Function 5. Allow targeting to a specific room 

Function 6. Allow street view 

 

3.4.4. Summary 

A questionnaire was conducted to obtain users' cognition of campus environment 
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wayfinding, as well as experience and expectations of existing campus digital maps. Through 

the analysis of the data, the main problems encountered by users in the campus wayfinding 

and their expectations for the function of the map can be summarised.   

 

3.4.4.1. Wayfinding problems in the campus environment 

In a campus environment, users are more likely to get lost indoors. Due to the complex 

building structure, people may get lost in any building on the campus. Among them, the 

teaching building is the most likely place to get lost. People are often confused when asked 

to go to unfamiliar locations. As for the specific reasons for getting lost, confusion about the 

internal structure of the building has become one of the main reasons: users on a university 

campus are likely to get lost because they cannot find the entrance to the building or a 

specific room. At the same time, the need to rush to the designated place within the 

specified time is also an important reason for getting lost.   

 

3.4.4.2. Usage of campus digital map 

When facing a lost situation, people generally think that digital maps are more effective than 

paper maps. Mobile phones are considered the best devices for using digital maps. For the 

functions of campus digital maps, further research should be conducted in accordance with 

user expectations and experience. Positioning is considered one of the most significant 

functions. Because campus users are often required to complete wayfinding tasks within a 

limited time, the timely, accurate and updateable positioning function can effectively help 

users reach the designated location. If the campus digital map has the positioning and 

navigation functions inside and outside the building, it will more successfully help users find 

their way in the campus. 

In the visual expression of the campus digital map, distinctive map visual elements can be 

used on the map, such as the distinction of campus areas and the special graphics of 

buildings and landmarks. How to effectively combine the information and visual elements of 
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the map so that the campus digital map can more effectively help find the way and meet the 

needs of users requires more research in the future. 

 

3.5. Conclusion 

Overall, the research collates the design and use of campus digital maps by UK academic 

institutions, assesses the visual and information design of the maps through a visual survey, 

and captures user needs using questionnaire investigation. Starting from the map design 

itself, the visual survey analyses the advantages and various design limitations of the existing 

campus digital map design based on the summarised design principles. The research also 

collects a large number of participant responses, providing evidence to explain the main 

problems users encountered in campus wayfinding and expectations for map functionality. 

This is the first step in this research 's user-centred information design to add users into the 

research process with the aim of finding design problems. Like Lynch’ (1960) research, the 

study of digital maps first needs to know how users think about it. The research brings 

valuable insights for future directions of map design improvement. 

In the research, it is found that the independently designed campus digital map has a huge 

development space. Of the UK universities that have digital maps, most use external links 

rather than specific well-designed maps. It has already been found in Chapter 2 that there is 

not enough existing research experience in the field of digital campus mapping and outdoor 

wayfinding. This chapter focuses on the existing digital campus map design in UK academic 

institutions and evaluates them based on information design principles. This research shows 

that the existing knowledge of digital campus map design based on information design 

principles in UK academic institutions is insufficient. This provides another layer of evidence 

for the necessity of this research. 

Additionally, existing campus digital maps suffer from various design limitations in terms of 

visual design elements and information legibility. Based on the research of Tyner (2014), this 

thesis classified key visual elements from lines, shape and colour and discussed them 
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separately, so as to obtain a discussion of visual element design that can be used as a 

reference for campus digital map design. After analysing the elements individually, the main 

issues of the visual design of the entire map were discussed, focusing on how well the map 

elements correspond to the real world (Papadias and Theodoridis, 1997). A map that is too 

simple or has too many visual elements will create a poor reading experience, and the 

appearance of the map needs to be carefully considered. The main problem in information 

design is the hierarchical division of information and the lack of correlation between large 

amounts of information. Judging from the visual survey results, the large amount of text 

information on the map will make the reading experience difficult and prone to 

misunderstanding; the functions provided may not meet the needs of users. This is the same 

point as Apelt et al. (2007) put forward, the text and layout of the map should be 

proportional and neat. The research results show that it is necessary to form a complete set 

of information-based and visual design principles for the design of campus digital maps. 

Research on user needs used a questionnaire investigation. The results show that users 

prefer using mobile phones as a medium for reading maps. Analysis of participant feedback 

revealed scenarios where users are more likely to get lost: unable to find a building entrance 

or a specific room. The latter has been indicated by many studies: Scott-Webber et al. (2000) 

conducted user research on student groups and found that they encountered more 

difficulties and challenges in indoor navigation; many studies focused on indoor wayfinding 

in libraries to improve user experience (Barclay, 2012; Li and Klippel, 2012; Mandel, 2013). 

No studies were found on building entrances. This can help the researcher gain insights into 

how users find specific locations, such as successfully entering a specific building. Users' 

expectations of finding their destination within a limited time have also become a focus. This 

was suggested by Kanakri et al. (2016), who believed that students would feel stressed when 

they need to attend class on time but could not find the target location quickly. Research 

also shows that positioning accuracy and visualisation of the campus environment are key 

points in map design. The importance of positioning oneself has been emphasised in many 

user experience studies on map design, such as Giuliani's (2001) study on positioning 

pictograms on map signs (such as pentagram represent the user's position in space); Apelt et 
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al.'s (2007) discussion of how the display of spatial information on maps affects user 

positioning; Tyner (2014) investigated how map design strategies help users locate, etc. 

Whether a map can help users successfully position themselves in a specific environment 

determines whether it can successfully assist in wayfinding. By analysing the questionnaire, 

users’ confusion and expectations about positioning and wayfinding when using digital maps 

on campus can be better understood. 

Overall, this research discovered many limitations of current campus digital maps in terms of 

information and visual design, clarified the development prospects of campus digital maps, 

and provided a preliminary understanding of wayfinding issues with the help of user 

suggestions. The next stage of research will focus on the performance and problems of 

mobile digital maps in campus wayfinding, as well as the direction of design improvements. 

Research in this chapter highlights the importance and design limitations of digital campus 

maps. More specific design issues will be studied and refined in future research of 

Experiment II and Experiment III. 
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4. Experiment II: The performance of digital maps for wayfinding 

in academic environments – University of Leeds as a case study 

In Chapter 3, research on the usage and legibility of existing campus digital maps was 

conducted. Through the analysis of map limitations and user research, the limitations and 

expectations on the use of digital maps in the campus environment were obtained. Based on 

the wayfinding tasks (commute, quest and explore) in the academic environment 

summarised in Section 2.4.1.2, this chapter describes user tests conducted through these 

three tasks. In the commute task, participants were required to go to familiar buildings on 

campus without any help; in the explore task, participants conducted a time-limited 

inspection of the surrounding environment and completed questionnaires; in the quest task, 

participants used a digital map (this experiment uses Google Maps as a research tool) to go 

to unfamiliar areas. Through the feedback of the completion of the three tasks, the most 

common wayfinding problems in the campus environment and the limitations of the digital 

map are further obtained. The test results are helpful for the design of campus digital map 

to improve the user's wayfinding efficiency and provide design improvements for the next 

step of campus digital map evaluation. 

 

4.1. Introduction 

In this chapter, through the campus wayfinding tasks obtained from the literature research 

in Chapter 2 and the campus wayfinding problems in Chapter 3, three different tasks were 

designed to further investigate the behaviour and problems of users in the process of 

completing the wayfinding tasks in the campus environment. Since following user-centred 

design research always requires understanding the feedback of users using research subjects 

(Lynch, 1960; Montello, 2002), Experiment I (questionnaire survey) in Chapter 3 alone 

cannot observe the wayfinding behaviour of users in the campus environment to understand 

the wayfinding problems and performance they encounter when using (or not using) digital 

maps. This chapter serves as the final step of pre-research to design and evaluate a campus 
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digital map prototype designed based on information design principles, which requires a 

detailed understanding of how the digital map work in a campus environment and how 

efficiently it can be used. 

The aims of the research is to observe and record the behaviour of participants based on the 

principles of wayfinding information design, evaluate the efficiency of the existing digital 

map in the complex environment of the campus, and find out its limitations in terms of 

legibility and positioning accuracy. The three main research objectives are as follows: 

1. To observe the different performance and completion efficiency of the participants 

under the three wayfinding tasks; 

2. To assess the visual design legibility of existing digital maps and identify limitations 

that affect user efficiency and mission success; 

3. To understand people's perception of the campus environment, and investigate the 

environmental elements that people pay attention to when finding their way. 

Under the guidance of the research objectives, this research proposes the following research 

questions: 

1. How does familiarity with the destination environment and routes affect wayfinding 

efficiency? 

2. What are the limitations of using digital maps in an academic environment? 

3. Where do people tend to get lost in the university environment? How do they read 

map information and find their destination when lost? 

In order to achieve the research objectives and answer the research questions, this chapter 

conducts user tests and questionnaires.  

To solve the first question, this experiment has three stages, requiring participants to 

complete three types of wayfinding tasks: 1) commute; 2) quest; 3) explore. These three 

tasks respectively represent 1) familiar daily routes; 2) places that have never been before; 

3) free exploration of the surrounding environment. By observing the user's performance in 

the three tasks, the impact of environment and route familiarity on wayfinding efficiency can 

be discussed. 
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Regarding the second question, during the quest task stage of this experiment, participants 

were required to use Google Maps navigation to perform several wayfinding tasks of 

different difficulties. In the explore task, participants were asked to explore functions of 

Google Maps beyond navigation and evaluate its ease of use in a campus environment. 

There are three reasons to use Google Maps for testing: 

1. External digital maps are widely used as tools for wayfinding systems in academic 

institutions (see Section 3.2 for detailed discussion); 

2. When "map" is used as the keyword in Google and Apple app stores, Google Maps 

shows strong competitiveness: it has the largest number of downloads (more than 10 

billion) in the Google App Store, and in Apple App store navigation apps ranked first; 

3. Google Maps can navigate and locate, and provides multiple visual appearances 

(standard mode and satellite mode). Users can interact with it to navigate or search 

for facilities, meeting the requirements for digital map personalisation derived from 

the literature review. 

Using Google Maps as a tool, observing participants' behaviours and problems encountered 

using it for wayfinding, and post-task feedback can yield more detailed data on the 

limitations of digital maps for wayfinding in academic settings. 

As for the third question, it can be learned from Chapter 2 that user research on student 

groups shows that they encounter more difficulties and challenges in indoor navigation 

(Scott-Webber et al., 2000). However, the questionnaire results of Experiment I showed that 

the three reasons of being unable to a) find the entrance to the building; b) cannot find a 

specific room; c) arrive at the designated place within the specified time are the main 

reasons for getting lost on campus, and the probability of being selected is 60-70%. 

Unfortunately, at the time this experiment was conducted, the spread of the COVID-19 

caused the University of Leeds, the case study, to close most of its facilities. Also considering 

that participants might have concerns about indoor contact during that period, this 

experiment targeted outdoor wayfinding during the planning stage. This would also 

maximise the functionality of Google Maps as a tool, as it does have almost no navigation 
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capabilities in indoor environments. To sum up, this experiment required participants to 

complete a wayfinding task outdoors. By tracking and recording their wayfinding 

performance, specific information about the physical environment in which they were easily 

disoriented were obtained. In this experiment, participants were not required to limit their 

time and could read map information as much as possible for wayfinding and orientation, so 

that more detailed feedback on their efficiency in using digital maps could be obtained. Time 

limits were required in Experiment III and are detailed in Chapter 5. 

This chapter will introduce the contents and results of three user tests in detail. 

 

4.2. Commute task 

4.2.1. Content 

University campus users usually have a common wayfinding task in their daily wayfinding 

activities which is commuting. The main users of the campus often travel to frequently 

visited places, such as their schools and libraries. In order to explore the influence of the 

user's choice of route and environment on the efficiency of wayfinding when traveling to a 

known location, several tasks were set up to analyse participants' wayfinding behaviour. 

Participants were asked not to refer to any navigation systems such as maps and signages, 

and to go to several locations that they knew and were familiar with. During the experiment, 

participants were asked to use think-aloud methodology to express their decisions, 

emotions, and thoughts. At the same time, participants' wayfinding behaviours were 

recorded through video recording and route tracking software (Strava1).  

Using the University of Leeds as a case study, the task’s starting location were positioned to 

one of the University’s well-known landmarks (Parkinson’s Building). Participants were asked 

to follow a familiar route to their school and campus library. In this task, because 

participants came from different schools in the University, their familiarity with the campus 

 
1 Strava is a software that uses GPS to track movement status. Users can start Strava before starting an activity to track 

performance statistics, and then they can analyse activity data in depth. 
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buildings was separately confirmed before the experiment to ensure that each participant 

was provided with the location of the destination that they actually knew and were familiar 

with. 

When choosing a destination, the selection criteria were used:  

1. There are multiple routes to the destination; 

2. The destination has more than two passable entrances; 

3. Participants need to go to more than two destinations, and the complexity of the 

environment to the destination is different:  

a. There is no altitude difference between the destination and the departure place, 

and there is no need to pass through obstacles on the way to the destination;  

b. There is an altitude difference between the destination and the place of 

departure, and obstacles (teaching buildings, corridors, etc.) must be passed 

through to reach it. 

 

4.2.2. Participants' completion of tasks 

As shown in Table 4.1, a total of 12 participants took part and completed the task. The time 

they spent traveling to each location and the length of time they stopped were recorded 

using the route tracking software (Strava). Since each destination and initial position cannot 

be reached in a straight line, the shortest route is defined as the route with the least number 

of turns and the shortest distance. Appendix IV shows participant route maps recorded by 

the route tracking software. 
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Table 4.1. Participants' data in the commute task 

No

. 

Start location End location Distance Time 

using 

Stop 

time 

Shortest 

route or not 

1 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.29km 

0.51km 

0.19km 

3:04 

8:20 

2:13 

0:00 

3:05 

0:11 

Y 

N 

Y 

2 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.32km 

0.26km 

0.18km 

2:42 

3:01 

1:36 

0:00 

0:25 

0:03 

Y 

Y 

Y 

3 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.33km 

0.22km 

0.29km 

3:07 

3:12 

3:29 

0:00 

1:05 

0:39 

Y 

Y 

Y 

4 Parkinson Building 

School of Law 

School of Law 

Laidlaw Library 

0.75km 

0.74km 

8:31 

8:31 

0:00 

0:17 

N 

Y 

5 Parkinson Building 

School of Business 

Edward Boyle Library 

School of Business 

Edward Boyle Library 

Laidlaw Library 

0.51km 

0.36km 

0.15km 

5:28 

4:11 

1:39 

0:00 

0:11 

0:07 

Y 

Y 

Y 

6 Parkinson Building 

School of Design 

School of Design 

Laidlaw Library 

0.32km 

0.27km 

3:24 

3:33 

0:00 

0:23 

Y 

Y 

7 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.33km 

0.25km 

0.15km 

3:10 

2:51 

1:49 

0:00 

0:36 

0:12 

Y 

Y 

Y 

8 Parkinson Building 

School of Philosophy 

Edward Boyle Library 

School of Philosophy 

Edward Boyle Library 

Laidlaw Library 

0.07km 

0.17km 

0.24km 

0:46 

1:42 

2:21 

0:00 

0:03 

0:23 

Y 

Y 

Y 

9 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.35km 

0.17km 

0.17km 

4:02 

2:19 

2:09 

0:00 

0:19 

0:20 

Y 

Y 

Y 

10 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.28km 

0.22km 

0.16km 

3:22 

3:13 

2:16 

0:00 

0:31 

0:14 

Y 

Y 

Y 

11 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.31km 

0.24km 

0.13km 

2:46 

2:42 

1:50 

0:00 

0:38 

0:33 

Y 

Y 

Y 

12 Parkinson Building 

School of Design 

Edward Boyle Library 

School of Design 

Edward Boyle Library 

Laidlaw Library 

0.28km 

0.23km 

0.12km 

3:05 

2:36 

1:35 

0:00 

0:22 

0:23 

Y 

Y 

Y 
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4.2.3. Analysis of the task 

The analysis of participant behaviour is divided into three aspects: commuting route, 

environmental complexity and building entrance selection. 

 

4.2.3.1. Commuting route 

In the judgment of commuting routes, the shortest accessible route between two points (the 

fewest turns, the shortest relative time spent, and the route closest to a straight line 

between two points) is regarded as the shortest route. As shown in Table 4.1, among the 12 

participants, two participants did not follow the shortest route to their destination. The 

reasons why they deviated from the route were asked individually after the commute task 

was completed, and they were: 

PARTICIPANT 1 - School of Design - Edward Boyle Library  

This participant was familiar with the direction to the destination, but without using 

map navigation, they turned ahead and deviated from the route at intersections 

where they should go straight. The participant was well aware of the surroundings of 

the destination, but ignored whether the route was walkable and therefore walked 

to the back of the destination building. 

PARTICIPANT 4 - Parkinson Building – School of Law 

The participant did not use the shortest route, because they were used to a fixed 

commuting route - even if it did not seem to be the most efficient route, so chose the 

most familiar route to the destination. 

When commuting, participants could complete tasks without the aid of any navigation 

system. Even if they deviated from the route, their familiarity with the environment still 

allowed them to discern the direction and reach their destination. Familiarity with the 

environment allowed participants to reach the destination through the shortest route in 

most cases, which enhances the efficiency of wayfinding to a certain extent and saves 
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people time when commuting. 

 

4.2.3.2. Environmental complexity influence 

In order to investigate the impact of environments with different levels of complexity on the 

efficiency of wayfinding, the selection criteria for destination selection were as follows:  

1. There is no altitude gap from the starting point (Parkinson Building) to the 

participant’s school, there are fewer turns.  

2. There is a height difference between the participant’s school and the Edward Boyle 

Library, and the environment is more complex, requiring more turning and crossing 

obstacles (buildings, grass fields, etc.).  

3. The shortest route for participants to the Laidlaw Library is not to reach its main 

entrance, but to reach its passable side entrance.  

In order to make the wayfinding behaviour of participants easier to observe, they were 

asked to stop and describe their decision when making a decision (such as choosing an 

intersection, whether to turn or not). The route tracking software recorded the time they 

spent in the wayfinding process and the time they stopped (Figure 4.1). Since participants 4 

and 6 did not have familiarity with the environment to support their understanding of the 

route to Edwards Boyle Library, their data are removed from the figure. 

Figure 4.1. Participants stop time in each task 

 

 

In the task where the participant’s school is the destination, which means there is fewer 
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turns, no altitude gap, and no obstacles to pass through, no participant needs to stop and 

think about the next direction. When there is a height difference between the destination 

and the starting position and need to cross obstacles to arrive, that is, the destination is 

Edward Boyle Library, the time required for the participant to stop and think about how to 

reach the destination is the highest of the three tasks. This is because there are multiple 

routes to reach the destination, and participants spend a certain amount of time judging the 

surrounding environment and choosing the direction.  

In the case of Edward Boyle Library as the destination, participants spent more time 

stopping (average stay time: 64.4s). In the task that ends with Laidlaw Library, the average 

stay time of participants is 16s. With the participant’s school as the end point, no participant 

needed to stop to choose a route. 

This also indicates the impact of participants’ familiarity on commuting tasks: people’s 

familiarity with the environment is the highest in the most frequently visited workplaces, 

and the efficiency of wayfinding is the highest; for familiar but less frequent places, people’s 

wayfinding efficiency is affected. This may be because the cognitive map belongs to the 

category of long-term memory, and it may change over time. In places that travel less 

frequently, people need to spend more time thinking about routes. 

 

4.2.3.3. Building entrance selection 

In the experiment, participants were asked to choose the shortest route to reach the 

destination and can reach any passable entrance to the destination. Participants' choices for 

the entrance are shown in Table 4.2.  

Table 4.2. Reasons for participants’ choices of building entrance 

No. Reason 

1 I choose the entrance that can be reached with the fewest turns. 

2 I am used to entering from this entrance, and the structure of entering the building from here is what 

I am familiar with. 

3 I choose the nearest entrance. 
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No. Reason 

4 I choose the fastest entrance to the building. I am also very familiar with this entrance, if it is in this 

direction, I usually entre from here. 

5 I choose the nearest entrance. 

6 I choose the nearest entrance. 

7 It is very convenient and quick to enter the building here. 

8 This is the shortest route. 

9 This is the nearest entrance. 

10 This is relatively close, and the other entrance will detour. 

11 My office can be reached quickly by entering from here. I am familiar with these entrances, and I usually 

enter through them. 

12 I am used to going from here. 

 

Among the reasons they chose, keywords such as nearest and familiar have a high frequency 

of appearance. 

Convenient: 1 time; 

Most familiar/ often used: 6 times; 

Nearest: 10 times. 

It can be seen that participants did not insist on going to the main entrance of the building 

under the premise of being familiar with the surrounding environment. Distance is the most 

important factor they consider. When commuting to work, people may choose the route and 

entrance that is the fastest to reach the destination. At the same time, habit is also an 

influential element of people's commuting routes. Without the use of navigation systems, 

people tend to choose the routes and entrances they use most often. 

 

4.2.4. Summary 

In the commute task, 12 participants participated and completed multiple wayfinding tasks. 

They are required to go to the buildings they are familiar with on campus, and choose the 

route they think is the closest without using any navigation system. Through the analysis of 
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commuting route, environmental complexity and building entrance selection, the following 

conclusions are drawn:  

1. When commuting to work, people often choose to follow their customary route to 

decide the route to their destination, even if sometimes that route may not be the 

most efficient.  

2. The more complicated the environment between the initial place and the 

destination, the more it affects the efficiency of commuting:  

a. When there is a height difference between the two places, it will affect people's 

wayfinding efficiency to a certain extent;  

b. People's environmental cognition is positively related to familiarity. When going 

to a place where there’s a memory of the environment but visit less frequently, 

the cognitive map may be blurred and affect the efficiency of wayfinding; 

c. When the destination has multiple passable entrances, people tend to choose 

the route according to the easiest and fastest entrance along the way. 

 

4.3. Quest task 

4.3.1. Content 

University campus users are sometimes faced with occasions where they need to go to 

unfamiliar or unvisited locations to participate in work and study. Therefore, this part study 

how they use digital maps to go to teaching buildings that they have never visited. In this 

stage, participants were asked to use a digital map to go to two unfamiliar locations on 

campus and find the main entrance of each destination. During the whole task, participants 

were asked to judge and find routes only through Google Maps, and could not seek the help 

of other wayfinding systems such as signage and campus map boards. No time limit was set 

in this task, which provided enough time for participants to complete the task. At the same 

time, participants were allowed to abandon the task for any reason during the experiment. 

When participants used Google Maps to find their way, each location was presented with 
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multiple alternative routes to get to. When selected the two destinations, they met the 

following requirements: 

1. Both destinations allow the map to show multiple roads leading to destinations (Figure 

4.2, Figure 4.3). 

Figure 4.2. Routes to Destination A provided by Google Maps (Laidlaw Library to School of Mathematics) 

 

Figure 4.3. Routes to Destination B provided by Google Maps (School of Mathematics to Irene Manton Building) 
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2. Wayfinding to the two locations has different levels of difficulty: 

a. Destination A (School of Mathematics, University of Leeds): 

i. The start point is Laidlaw Library, University of Leeds, which is also the 

end point of the commute task. This allows participants to directly start 

the quest task after completing the commute task; 

ii. Routes given by Google Maps are wide roads; 

iii. The entrance to the destination can be reached according to the 

navigation of the map. 

b. Destination B (Irene Manton Building, University of Leeds):  

i. The start point is School of Mathematics, University of Leeds, which is the 

end point of the last task; 

ii. There is an altitude difference between the start position and the 

destination; 

iii. Arrival routes given by Google Maps are more complicated: need to pass 

through unusual paths (gardens, slopes, stairs); 

iv. The entrance of the destination cannot be found according to the 

navigation of the map. 

 

4.3.2. Participants’ completion of tasks 

In this research, a total of 13 participants took part in the task, and valid data from 12 

participants was harvested. One participant successfully completed the first task, which was 

to find the entrance to Destination A (School of Mathematics, University of Leeds). However, 

when looked for Destination B (Irene Manton Building, University of Leeds), after 41min 1s 

of wayfinding the participant still could not complete the task and finally gave up. Therefore, 

the participant's data is invalid. 

Strava was used to track participants' time and route in the experiment. Additionally, the 

time it took for them to stop wayfinding and check the map during the experiment were 
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recorded through observation. The data for the 12 participants are shown in Table 4.3. 

Table 4.3. Participants’ data in the quest task 

N

o. 

Map 

format 

Start location End location Distance Time 

using 

Stop 

time 

Shortest 

route or not 

1 Satellite Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.17km 

0.68km 

2:58 

13:22 

0:58 

6:05 

Y 

N 

2 Satellite Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.22km 

0.74km 

2:52 

13:31 

0:36 

6:23 

Y 

N 

3 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.17km 

1.59km 

2:05 

32:34 

0:09 

16:37 

Y 

N 

4 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.37km 

1.18km 

6:23 

24:26 

2:12 

12:02 

N 

N 

5 Satellite Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.17km 

0.88km 

1:52 

15:07 

0:35 

6:25 

Y 

N 

6 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.23km 

1.16km 

3:20 

23:20 

0:38 

11:08 

Y 

N 

7 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.21km 

1.08km 

3:02 

22:24 

0:49 

11:00 

Y 

N 

8 Satellite Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.21km 

0.84km 

2:50 

14:49 

0:36 

6:02 

Y 

N 

9 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.20km 

1.54km 

2:58 

30:42 

0:32 

15:32 

Y 

N 

10 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.18km 

1.51km 

2:42 

31:56 

0:24 

16:07 

Y 

N 

11 Standard Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.32km 

1.11km 

3:35 

18:50 

1:03 

8:04 

N 

N 

12 Satellite Laidlaw Library 

School of Math 

School of Math 

Irene Manton 

0.17km 

0.96km 

2:12 

16:31 

0:21 

7:26 

Y 

N 

 

Table 4.3 also shows whether the participant followed the shortest route to reach the 

destination. Since there is no straight-line route to reach the destinations, the judgment on 

the shortest route depends on whether the distance experienced by the user is close to the 

distance that can be reached through the straight-line to the destination. Similar to the 

judgment of the shortest distance in the previous task (commute task), the shortest route is 
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considered to be the route with the fewest turns and the most straight-line distance 

between two points. It can be seen that in the task of Destination A, 10 participants took the 

shortest route, and 2 participants took a longer route to reach the destination. In the task of 

Destination B, none of the participants used the shortest route to reach their destination.  

For the selection of the map appearance, 5 participants chose the satellite mode, and 7 

participants chose to use the standard mode.  

In the experiment the behaviour of participants was observed, the route taken by 

participants was video recorded, and participants were asked to speak out when making a 

decision or feeling confused through the Think-aloud method. Recordings were used to 

collect participants’ thoughts and decisions on the way to complete the experiment. A 

detailed analysis of participants’ problems in finding the way to the two destinations is 

conducted. 

 

4.3.3. Data analysis of task A 

Because this experiment tends to collect various problems that people have when they use 

digital maps to find ways on campus, there is no time limit for participants. This means that 

they can freely choose which way they want to follow to reach their destination. The route 

of participants can be seen in Figure 4.4. The route recording application displayed the route 

they took when wayfinding as a line on the map (image 1-12 in Figure 4.4). Here, the blue 

and red dots indicate the starting and end points respectively. The route record maps of 

participants are shown in Appendix V. Due to the different final destinations chosen by the 

participants in the commute task (different accessible entrances to Laidlaw Library), the 

starting points of their route maps were different in Figure 4.4. 
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Figure 4.4. Participants’ routes to Destination A. 
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For Destination A, if the shortest route was taken, participants would pass through a road, a 

path, and a lawn with a pedestrian path (Figure 4.5). This route is provided by Google Maps 

and is indicated by Route 1 with blue dots in Figure 4.4. 

Figure 4.5. The shortest route to Destination A (road, path and lawn) 
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Before the start of the experiment, participants chose the route to follow. Among them, 11 

participants chose Route 1, and 1 participant chose Route 2. The reasons for their choice of 

route are shown in Table 4.4. 

Table 4.4. Participants’ reasons of route choices in Destination A Task 

No. Route choice Reason 

1 Route 1 I chose to follow the first route recommended to me by the map. 

2 Route 1 Its time-consuming is relatively short, and it is the route recommended by the map. 

3 Route 1 It is the route recommended by the map. 

4 Route 1 It doesn’t seem to need a detour. 

5 Route 1 The map recommended it, and these three routes took about the same time, so I 

chose the route in blue recommended by the map. 

6 Route 1 This route is marked blue, so I think it should be the most suitable route. 

7 Route 1 It looks relatively short. 

8 Route 1 The first recommendation on map is it. 

9 Route 1 The first recommendation on map is it. 

10 Route 1 The other two seem to be detours. 

11 Route 2 The route in middle feels that it will pass more scenery. 

12 Route 1 I didn’t want to choose another route, the map gave me a choice, then I followed. 

 

Among participants who chose Route 1, 8 of them chose because of map recommendations. 

Three participants compared three routes on the map and concluded that Route 1 was 

shorter. Participant 11 chose Route 2, and therefore did not reach Destination A through the 

shortest route. Participant 4 encountered the problem of positioning point offset during the 

wayfinding process. The participant was unable to match their location with the map 

location, so they deviated from the route. Digital maps, with their Global Positioning 

System (GPS), allow users to more concisely locate themselves on the map. The experience 

of participant 4 requires caution: when the user's position on the digital map is offset, or 

cannot be positioned, can they still successfully identify the correspondence between their 

position on the map and the physical environment? This gave this research a bold challenge:  

Does the test of digital map legibility must rely on its navigation function? In Experiment 
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III, the navigation function of the digital map was disabled, and participants used the 

designed map prototype to plan routes and find ways to evaluate the information legibility 

of the prototype (see Chapter 5 for more details). 

In this task, the roads they passed are all wide roads, with a wide view, and there is no 

altitude difference between the destination and the original place. In such a simple 

environment, the user's wayfinding efficiency is relatively high, and the digital map is more 

practical in this environment. 

 

4.3.4. Data analysis of task B 

For Destination B, participants faced more challenges: more sideroads, stairs, paths, 

gardens, and so on. In this task, the biggest difficulty for participants was to find the main 

entrance of Destination B. As shown in Figure 4.6, the marked location of Destination B on 

Google Maps lies in the centre of the target building, and following the route provided by 

the map cannot help participants reach the entrance. 

Figure 4.6. The position of Destination B on Google Maps 

     

 

The Irene Manton Building is part of the Faculty of Biological Science. However, in the search 
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interface of Google Maps, there is no correlation between them. To reach the main entrance 

of the destination, the user must pass through an outdoor corridor and enter from the 

second floor of the building instead of the ground floor (Figure 4.7). 

Figure 4.7. Main entrance of Destination B (Irene Manton Building, University of Leeds) 

 

 

For Destination B, if participants want to reach the destination through the shortest route, 

they need to reach a square through the stairs near Destination A, then pass through the 

square and a small garden and pass through a link corridor (Figure 4.8). However, none of 

the three routes given by Google Maps could reach and enter the destination building during 

the task. Instead, the user would be guided to the back of the target building complex, 

where there is only one emergency exit that is not open. If the user followed the map 

navigation, they would not be able to enter the building. This comes from the particularity of 

campus architecture, the complex buildings of universities often have more than one 

entrance. However, most of them are used as emergency exits, and users cannot enter or 

exit the building through them in daily life. When the route guided by the digital map is an 

inaccessible door, its wayfinding navigation fails. The user must find the right entrance 

through other means. 
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Figure 4.8. The shortest route to Destination B (stairs, square, garden and corridor) 

 

 

 

 

The routes followed by the participants can be seen in Figure 4.9. The blue and red dots 
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indicate the starting and end points respectively. Clear route record maps can be viewed in 

Appendix VI. 

Figure 4.9. Participants’ routes to Destination B. 
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Since there was no single route that can take participants to the correct place, all 

participants chose to continue their wayfinding in their own way after discovering that they 

could not follow the route provided by the map. Participants were asked to find ways to seek 

help only including Google Maps and recorded their reasons when they started choosing the 

route and decisions they made when they got lost to help them find the right destination 

again (Table 4.5). 

Table 4.5. Participants’ reasons of route choices and decisions when getting lost in Destination B Task 

No. Route 

choice 

Reason Decisions when lost the way 

1 Route 1 It takes shortest time. This building is shown on the map, I can try to get closer to 

the marked point. 

2 Route 2 I don’t want to pass the 

road allows car to go 

through. 

Using satellite mode I can see these buildings; I can try to 

find out where I can pass through the entire environment 

shown on the map. 

3 Route 1 It is the route 

recommended by the map. 

I can realise that where the building is, so I need to get my 

positioning point close to the target mark. 

4 Route 1 It is the first route provided. I don’t know which entrance is the accessible entrance, so 

I check every door of the building to see if I can enter. 

5 Route 1 It is the first choice by the 

map. 

I look at photos provided by the map and try to close to 

the target mark. 

6 Route 2 I don’t want to pass garden. I follow the map and circle the building to find the 

entrance. 

7 Route 2 Time is shorter. The different altitudes dazzle me, and I have to go back 

and forth up and down to find the way. 

8 Route 1 The first recommendation 

on the map is it. 

It tells me where the building is but not the way, I will use 

the map to see if I’m om the right way because there is a 

mark on it of this building. 

9 Route 1 The first recommendation 

on the map is it. 

I think the map is correct about the mark. So I will go close 

to the mark on the map. 

10 Route 2 It looks shorter. I look at photos provided by map. 

11 Route 2 It looks shorter. When I realise that where the building is, I try every path I 

can pass to go close to the building. 

12 Route 1 The first recommendation 

on the map is it. 

The mark is the centre of the building, so I can find the 

building through it. 
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For Destination B, 7 participants chose Route 1. The reason for 6 of them is that Route 1 is 

the route initially provided by the map. 1 participant chose it due to its short time. 

The other 5 participants chose Route 2. Two of them came to the conclusion that Route 2 

was shorter after comparing the three routes. One participant did not want to cross a road 

that allowed cars to pass (Route 1 and Route 3 both cross the road), one participant did not 

want to go through the garden, and one participant thought it was relatively short. None of 

participants chose Route 3. This may be because the map suggested that it took the longest 

time. 

After following the route provided by the map and being unable to reach the destination, 

participants took different ways to complete the task. Six of them realised that they could 

use the marked point on the map as the destination. Two participants identified the shape 

of the building on the map to find a passable route. Two of them tried to identify whether 

the target building was correct through the pictures provided on the map. Four participants 

chose to walk around the building to find the main entrance.  

It can be seen that when the navigation failed, 33.3% of the participants believed that they 

have reached the destination and no longer seek help from the map but find the entrance by 

themselves; 50% of the participants agreed that the marked point of the target building 

should be the end point, and took actions to position themselves as close to the marked 

point as possible; only a small number of participants realised that Google Maps could be 

interactive to view photos of the target building when navigation was ineffective. Two 

possible options to improve the legibility of digital maps can be drawn from this: 

1. When a target mark is displayed on the map, if the target destination is a building on 

campus, it is easier to guide people to find the way if the mark is at the accessible 

entrance of the building than in the centre of the building shape; 

2. Adding entrance markers to buildings may help users determine how to enter. 

In the process of finding their way, participants spent a lot of time stopping to check the 

map, and wandering back and forth in the sections of the road that had been passed due to 
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the wrong navigation of the map. In this task, participants used different map appearances 

that may have affected their wayfinding efficiency. Therefore, participants’ wayfinding 

behaviour is analysed from three aspects: high-frequency stop areas, wandering areas and 

map appearance. 

 

4.3.4.1. High frequency stopping areas 

Strava was used to record participants’ movement and time during the test, and compared 

them with videos, marking participants’ stopping position on the map. After superimposing 

the stop position markers of the 12 participants, 10 high-frequency stop areas (Table 4.6) 

were obtained. The selection criteria are that the stay markers in these areas are more 

concentrated. 

For the description of the areas, as shown in Table 4.6, the following points are considered: 

a) the total number of stops in each area; b) whether the view of the area is wide or narrow; 

c) whether there is a geographic height difference in the area (such as building floor gap, 

stairs up and down, slope, etc.); d) the number of optional walking directions in the area; e) 

whether the area is on the route provided by the map. 
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Table 4.6. Participants stop positions and description of high-frequency stop areas in Destination B Task 

Stop positions High-frequency stop areas 

 

Area No. 

Description 

Num of stops Viewing angle 
Height 

difference 

Num of 

optional 

directions 

Whether it is on 

the map route 

A1 4 wide N 3 Y 

A2 3 wide N 2 N 

A3 4 narrow Y 3 N 

A4 8 wide Y 2 N 

A5 4 wide N 2 Y 

A6 5 wide N 2 Y 

A7 3 narrow Y 1 Y 

A8 3 narrow Y 1 Y 

A9 34 narrow N 3 Y 

A10 19 narrow N 2 Y 

 

The judgment of whether the field of view is wide or narrow is based on whether the 

walkable route in the area can be clearly distinguished. For example, when the optional 
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walking route in the area can be clearly identified in the real environment, and the 

participant’s challenge is only to determine which road to choose, the area is defined as a 

wide field of view; when alternative routes are blocked (such as buildings, bicycle sheds, 

plants, etc.) or are difficult to distinguish, and the participant’s challenge is to find a way out, 

the area is defined as a narrow field of view. The conditions of each high-frequency stop 

area are described in detail below. 

 

AREA 1 – Square. 

Area 1 is the first choice participants face in this task. Participants here have a wide field of 

vision (Figure 4.10). Four participants stopped here. The reason for their stay is that the 

routes provided by Google Maps are about to separate here (As shown in Figure 4.4). Among 

them, 3 participants stopped here to identify the route, and 1 participant was unable to 

judge their location due to the drift of the positioning point. The automatic positioning error 

or failure of digital maps is undoubtedly an important reason that affects the efficiency of 

wayfinding, because people's correct positioning of themselves in space is a very important 

factor in completing wayfinding tasks. 

Figure 4.10. Area 1 – Square 
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AREA 2 – Near destination.  

There were 3 stays in Area 2. Participants had already identified the destination location 

when passing through this area, and the three stops were to check whether the marked 

point on the map was near the area. Area 2 is close to a campus building, and the 

destination can be clearly identified by the signs on the building within the field of vision 

(Figure 4.11). However, since the route given by the map is opposite to the direction of the 

field of view, participants could not recognise the destination when following the map route 

to find the way. All stops in this area occurred after participants gave up following the map 

route navigation. 

Figure 4.11. Area 2 – Near destination 

 

 

AREA 3 – Ground floor of the destination.  

Area 3 is located on the ground floor of the destination building (Figure 4.12). Participants 

can confirm the building as the destination through the signs on the building on the ground 

floor of the destination. However, the ground floor does not have an accessible entrance. 

There were 4 stops in this area. After finding the target building, participants could not find 

the accessible entrance on the ground floor, so they tried to find its entrance by reading 



119 
 

 

Google Maps. All stops in this area occurred after participants gave up following the map 

route navigation. 

Figure 4.12. Area 3 – Ground floor of destination 

 

 

AREA 4 – First floor of the destination.  

A total of 8 stays occurred in area 4. This is the first floor of the destination building (Figure 

4.13), and participants can reach it through the stairs on the ground floor. Participants can 

identify the destination through the signs on the building. However, they could not find the 

entrance in this area since the accessible entrance is not on this floor. Participants stopped 

in this area and not only looked at their location on the map. During two stops, participants 

looked at the photos on the map to determine the direction they should go. All participants 

during the stay carefully analysed the surrounding environment, hoping to find a path to the 

entrance. All stays in this area occurred after participants gave up following the map to find 

their way. 
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Figure 4.13. Area 4 – First floor of destination 

 

 

AREA 5 – A corner of Route 2.  

Area 5 is on Route 2, and there were 4 stops in this area. Participants can choose to follow 

the route to turn or go straight (Figure 4.14). Due to the visual obstruction (bicycle shed) at 

the turning intersection, participants had certain difficulties in accurately positioning 

themselves. This is the reason for all stays. Participants wanted to make sure that they turn 

in the right place. 

Figure 4.14. Area 5 – Corner 

 



121 
 

 

AREA 6 – An entrance on Route 1.  

Area 6 is on Route 1, and there were 5 stops in this area. However, all stops occurred after 

participants gave up following the route provided by the map. All stays in this area came 

from repeatedly passing through the area. The reason for staying is that there is a door that 

might enter the building near the area (Figure 4.15). Participants checked the marked point 

of the target building on the map to judge the distance between themselves and the 

destination, so as to determine whether it is the main entrance. 

Figure 4.15. Area 6 – An entrance 

 

 

AREA 7 – The end of a road.  

The viewing angle of Area 7 is very narrow, and there were 3 stops here. It is located at the 

end of a road (Figure 4.16). Participants passed through this area when they chose Route 1. 

During the three stops, two of them expressed doubts, believing that there is no road to 

pass in the visual environment, even though the map indicated that this is the correct route. 

A participant realised that they were going to pass a flight of stairs. They had doubts about 

the navigation of the map, thought that the route has deviated too far from the marked 

point, so that needed to confirm whether they have deviated from the route. 
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Figure 4.16. Area 7 – End of the road 

 

 

Figure 4.17. Area 8 – Stairs 

 

 

AREA 8 – Stairs.  

Area 8 is at the end of a flight of stairs (Figure 4.17), which is located on Route 2. However, 

there were 3 stops in this area, and they all appeared after participants gave up following 

the map route navigation. This area is accompanied by a height difference, and "this is not 

like a road" (feedback from a participant). During the 3 stops, participants were comparing 
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the distance between their location and the marked point. The narrow field of view and 

environment made participants wonder whether this road is passable. 

 

AREA 9 – End point 1 of route guidance. 

The number of stays in area 9 is 34. This is because the three routes provided by the map 

ultimately point to the vicinity of area 9 and area 10. Participants were very confused in this 

area because they are not sure where the accessible entrance is. The map near here 

provides a straight route, but participants can only see one building that cannot be passed 

through by following the map route. In addition, the environment of this area is very 

complicated. It has an emergency exit hidden in the corner of the building, a visible fire door, 

a road leading to Route 3, and a flight of stairs (Figure 4.18). Participants kept checking the 

map in this area to identify their location, and asked, "Is this here", "Is this the entrance", 

and "Is it here to go in" (all from participants' feedbacks during the test). Participants stayed 

in this area repeatedly and checked Google Maps carefully after moving a short distance. 

This is why there are so many stays in this area. Participants spent a lot of time wandering in 

this area.  

Figure 4.18. Area 9 – End point 1 
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AREA 10 – End point 2 of route guidance. 

The number of stays in this area is 19. The reason why it is less than that in area 9 is partly 

due to the complexity of the environment. Area 10 is also located near the intersection of 

the three routes provided by the map. The videos show that all participants regarded this 

area as the passing area of the last section of the road. However, this area is the courtyard of 

a building. Blocking participants’ route included the impassable building and an emergency 

exit (Figure 4.19). Participants stayed and wandered in this area, carefully checking the map 

to find a passable path, which is the reason why there are so many stays in this area. When 

participants stayed in this area, they raised doubts such as "this direction pointed by the 

map", "only here can turn", and "this should be the entrance". 

Figure 4.19. Area 10 – End point 2 

 

 

SUMMARY 

In the analysis of high frequency stopping areas, all stop positions of participants in the 

Destination B task were marked and summarised on the map, and 10 high-frequency areas 

were selected. After analysing the behaviours and difficulties encountered by participants 

while staying, the following conclusions can be drawn:  
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1. When people face multiple directions to choose from, they find it difficult to find 

their way (Area 1, Area 5, Area 6, Area 9).  

2. Unusual terrain (small roads, visual blind spots) affects people's judgment when 

looking for a way (Area 7, Area 8).  

3. When looking for the building entrance on campus, if the accessible entrance cannot 

be accurately located, the user will encounter difficulties in finding the way (Area 2, 

Area 3, Area 4, Area 6, Area 9, Area 10).  

4. Visual obstruction makes it easy for people to miss their destinations when finding 

their way on campus (Area 2, Area 5). 

5. Wayfinding difficulties caused by differences in elevation, make it difficult for users to 

accurately judge the route or building composition (Area 3, Area 4, Area 7, Area 8). 

 

4.3.4.2. Participants wandering areas 

For Destination B, since none of the three routes suggested by the map can guide the 

participant to the main entrance of Destination B, participants spent a lot of time repeatedly 

passing through some road sections. Strava recorded the routes that participants took 

during the task, and it can be found that they walked back and forth repeatedly in some 

areas (Figure 4.20). Repeated sections on the route tracking maps of the 12 participants are 

marked. The selection criterion is the area where participants wandered repeatedly, which 

was compared with the route tracking map by Strava. 
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Figure 4.20. Participants’ repeated route sections in route record maps 

 

 

In the high-frequency stop areas analysis,10 high-frequency stay areas were selected. In the 

selection of repeated road sections, it can be seen that they are all included in these areas. 

This is because participants stayed in these areas and wandered back and forth. They were 

unable to confirm the correct direction in these areas, so they repeatedly identified. In the 

area where participants wandered repeatedly, Area 3 appeared 4 times, Area 4 appeared 2 

times, Area 8 appeared once, Area 9 appeared 6 times, and Area 10 appeared 5 times. 

Among them, Area 8, Area 9 and Area 10 occurred when participants followed the map 

navigation. The reason why they wandered in these three areas is that they couldn’t find a 

passable route. In the case of Area 3, participants had successfully found Destination B, but 

couldn’t reach its main entrance. This also further supports that the inability to navigate to 

the building entrance causes difficulty in finding the way on campus. 

On the other hand, as shown in Table 4.7, during the experiment, participants wandered in 

the narrow field of view much more often than the wide field of view. 
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Table 4.7. Participant's wandering area vision. 

Participant No. 
Area No. 

Area 3 Area 4 Area 8 Area 9 Area 10 

1      

2      

3      

4      

5      

6      

7      

8      

9      

10      

11      

12      

      

 
 Narrow viewing angle 

 Wide viewing angle 

   

 

In the above-mentioned narrow viewing angle areas, the obstacles that block the field of 

view are all buildings on the campus. The university environment often includes a complex 

group of buildings and has a certain degree of greening and landscape. This allows the 

university campus to have not only roads that allow vehicles to pass, but also trails that are 

only for pedestrians. The complicated environment may cause users to face obstruction of 

the field of vision in the campus wayfinding process. When accessible routes are not shown 

on the map, such as the ground floor platform of the target building in Area 3, and the stairs 
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in Area 8, even if the navigation indicates "go this way", there is no road within the field of 

view, and the map information is not enough for the user to identify the existence of the 

road. In this case, it will have an impact on the efficiency of wayfinding. 

 

4.3.4.3. Effect of map appearance 

Google Maps provides two map modes for users to use. In this experiment, according to the 

participant's preference for the map appearance, participants were allowed to choose any 

map mode to use. Five participants used the satellite mode, and the other seven chose the 

standard mode.  

Since in the task of destination B, the navigation provided by the map failed to allow 

participants to complete the task and successfully reach the entrance of the target building, 

all participants gave up the navigation function of Google Maps after judging that the 

navigation was invalid. Instead, they relied on themselves to distinguish and compare real-

world environment and map information to complete the task. Different modes of maps 

may affect their readability to a certain extent, making people's perception of the 

environment and ability to understand map information different. Table 4.8 shows data from 

participants completing the Destination B task. 

Table 4.8. Participants’ data in Destination B Task. 

Participant No. Map mode Distance Time consuming Stop time 

1 Satellite 0.68km 13:22 6:05 

2 Satellite 0.74km 13:31 6:23 

3 Standard 1.59km 32:34 16:37 

4 Standard 1.18km 24:26 12:02 

5 Satellite 0.88km 15:07 6:25 

6 Standard 1.16km 23:20 11:08 

7 Standard 1.08km 22:24 11:00 

8 Satellite 0.84km 14:49 6:02 

9 Standard 1.54km 30:42 15:32 

10 Standard 1.51km 31:56 16:07 
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Participant No. Map mode Distance Time consuming Stop time 

11 Standard 1.11km 18:50 8:04 

12 Satellite 0.96km 16:31 7:26 

 

In terms of distance, the average distance for participants used satellite-mode maps to 

complete tasks is 0.82km, while that for standard-mode maps is 1.31km. For the time it took 

to complete the task, the average time in the satellite mode is 14:40min/s, while the 

standard mode is 30:31min/s. Regarding the length of time participants stopped to check 

the map while completing the task, the average time in satellite mode is 6:28 min/s, and in 

standard mode it is 12:55 min/s. 

Through comparison, it can be known that in campus wayfinding, when the map navigation 

cannot successfully bring the user to the destination, using the satellite mode requires a 

shorter distance and less time to reach the destination than the standard mode. This may be 

due to the complexity of the campus environment, and the satellite mode can make it easier 

to identify the distribution of buildings and the passable paths.  

At the same time, in the process of tracking and observing participants in the experiment, 

participants who used the satellite mode gave some feedback such as "the building is shown 

on the map"," I can find out where I can pass through the entire environment shown on the 

map". Participants using satellite mode could perceive the environment more efficiently 

than using standard mode. 

 

4.3.4.4. Summary 

For Destination B, the Irene Manton Building of the University of Leeds was chosen as the 

destination and asked participants to find its main entrance. In a complex environment and 

with inaccurate navigation, participants encountered many difficulties in the process of 

completing this task. The analysis of the data was carried out from three aspects: the stop 

position, the repeated road section and the map appearance. 
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Ten high-frequency stop areas were selected and the reasons why participants stopped were 

analysed in detail. The stay area covers the repeated road sections, and it can be more 

intuitive to understand in what kind of environment on campus that users faced, they were 

more likely to get lost. At the same time, the selection of the map appearance has a certain 

degree of influence on the efficiency of completing this task. The following conclusions can 

be drawn: 

1. Uncommon terrain affects the user's judgment when finding their way.  

2. When finding a way on campus, if the destination is inside the building, whether the 

map navigation can guide the user to the accessible entrance is the key to the 

success of the way finding.  

3. If the campus environment has altitude differences, users are prone to get lost when 

finding their way.  

4. When the map navigation on campus fails, the satellite mode map has better 

readability and wayfinding efficiency. 

 

4.3.5. Conclusion 

The university environment is complex, and the main users often need to enter different 

teaching buildings to participate in academic work and study such as courses or conferences. 

In the analysis of existing navigation software (such as Google Maps), it is found that the 

navigation destination of digital maps is often located in the centre of the building. Based on 

the user's need to enter the building, in the quest task, University of Leeds was chosen as a 

case study and participants were asked to find the entrance of two campus buildings that 

they have never been to (Destination A, School of Mathematics and Destination B, Irene 

Manton Building). Due to the different surrounding environments, participants faced 

different levels of difficulty in finding the two destinations. The behaviours of participants 

were tracked and recorded in the task through observation methods, used a route tracking 

software (Strava) to record the route and performance of participants, and asked them to 

express their feelings, emotions and decisions during the task through think-aloud 
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methodology. 

A total of 13 participants took part in this task, of which 12 valid data, with one participant 

choosing to abandon the task. After analysing the performance of the participants in the 

task of finding two destinations, the following conclusions were drawn: 

1. The use efficiency of the existing digital maps decreases with the increase in the 

complexity of the campus environment.  

2. When the altitude difference in the real environment cannot be displayed on the 

digital map, the user's wayfinding efficiency is affected.  

3. When using digital maps to assist in wayfinding on campus, more consideration 

should be given to whether the route can lead the user to the accessible entrance of 

the destination.  

4. The satellite mode map has higher environmental recognition than the standard 

mode map. 

In this experiment, participants were given enough time to carry out the task, that is, to find 

the destination entrance without time limit. However, in the daily life of campus users, they 

are often required to go to lectures, classes, or meeting locations at specific times. This 

means that they need to complete the wayfinding activities within a limited time. When 

users are unfamiliar with the destination or have never been to the destination, digital maps 

that cannot successfully bring them to the destination will cause users to have negative 

emotions and make people doubt the correctness of map navigation. 

In addition, two problems related to positioning and navigation emerged during the task: a) 

the automatic positioning offset of the digital map affects the user's ability to position 

themselves in the real environment; b) navigation routes cannot meet the wayfinding 

requirements of an academic environment and calculate a route to an accessible entrance of 

a destination building. We have to consider how people read map information to orient 

themselves and identify environmental information when digital map navigation is incorrect. 

A bold idea was born through those two problems: when designing a digital map and 
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evaluating its legibility and usage efficiency, its positioning capabilities and navigation 

functions need to start from the map itself, rather than relying on the Global Positioning 

System. 

 

4.4. Explore task 

4.4.1. Content 

Among the three tasks of wayfinding, the explore task is a purposeless exploration of the 

surrounding environment. The campus environment of the university is functional and 

visually diverse, including teaching buildings, landscapes, laboratory buildings and other 

facilities with different functions. In the visual survey of existing campus digital maps, it can 

be found that campus facilities are often classified for search. It is worth researching how 

the main users of the university explore the campus during their daily non-working hours, 

and which facilities on the campus are more attractive.  

In this part, participants need to spend 10 minutes exploring the surrounding campus 

environment. The starting location was selected as The University of Leeds Sustainable 

Garden. The reason for choosing this place as the initial location is that the surrounding 

environment centred on it contains many different elements, such as greenery, pond, library, 

square, teaching building, comprehensive building, gym and so on. Another reason is that 

the initial location is close to the last end location of the quest task, making it easier for 

participants to start this task quickly. Figure 4.21 shows the selected location and 

surrounding facilities. 
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Figure 4.21. The University of Leeds Sustainable Garden and surrounding environment 

 

 

When participants explored, they were asked to describe the factors that attracted them in 

the environment, their biases towards the attractiveness of the campus environment were 

collected through interviews and a questionnaire. In addition, with regard to the auxiliary 

capabilities of digital maps in exploring campus, Google Maps was used as an example, 

requiring participants to spend 10 minutes using the functions of Google Maps, and 

collected their suggestions for campus digital maps through a questionnaire (the complete 

questionnaire content can be viewed in Appendix VII). The analysis of the exploration task is 

divided into two aspects: the attractive factors of the campus environment and the functions 

of the digital map. 
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4.4.2. Analysis of the task 

4.4.2.1. The attractive factors of the campus environment 

During the exploration process, participants were tracked and asked to explore and describe 

campus facilities they found that attracted their attention. Information was collected after 

the exploration by questionnaire (Table 4.9). 

Table 4.9. Places of the exploration 

Participant No. Places that the participant explored 

1 Garden, lake, church. 

2 Parkinson Building, Laidlaw Library. 

3 Red tree, small lake with ducks. 

4 A beautiful red tree and a long stair has never been. 

5 The park, the small cafe car, sitting area, pond. 

6 1) A beautiful and eye-grabbing pool which could be a landmark. 2) A unique building 

which is well designed and high enough to notice. 3) A map board, it has the overall view 

of the campus, and it is a good place to correct the way and decide where to go next. 

7 Garden; pool; stairs; buildings; outdoor tables. 

8 The garden, the picnic tables, the big buildings. 

9 Garden, pool, steps near Edward building, Biological department. 

10 School of biology area. 

11 Irene Manton Building, a beautiful building. 

12 A beautiful architecture. 

 

Due to the limited exploration time, participants try to find as many factors as possible that 

attract them. After analysis, their findings can be divided into green places (parks, lakes), 

learning places (teaching buildings, libraries), unique buildings (buildings with a sense of 

design), and leisure places (coffee carts, outdoor seats). Among them, green places are the 

most attractive to participants, and it has appeared 12 times. Both unique buildings and 

leisure places appeared 4 times, and the number of times that learning places were 

considered attractive was 2. This shows that in purposeless exploration, vision is more 

attractive than function.  
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This is also consistent with the conclusion drawn from the questionnaire. In order to identify 

the elements that attract people during exploration, participants were asked to write down 

the factors that attracted them in the environment during the exploration process (Table 

4.10). This is a process that allows participants to analyse their behaviour when completing 

tasks and summarise them. Compared to specific descriptions, participants’ responses tend 

to be summarised. The visual factors in the environment are more attractive. 

Table 4.10. Elements attracted participants during exploration 

Participant No. Elements can attract participants when exploring on campus 

1 Green areas, animals, well-designed architectures. 

2 Architectures. 

3 River, planet, landmark buildings. 

4 The beautiful appearance. 

5 Appearance. 

6 Something special and unique which is not appear in other places. 

7 Highly contrast colour. 

8 Greenery, comfortable environment. 

9 Unique stuff, beautiful stuff, with many people around, easy to find the entrance. 

10 Plants; restaurants; stylish buildings; outdoor settings. 

11 The architecture of the buildings and flowers on the gardens. 

12 Plants, well-designed building. 

 

However, this is not consistent with the survey of campus facilities' attractiveness. According 

to the visual survey, campus facilities were divided into libraries, teaching buildings, multi-

functional buildings, restaurants, landmarks and entertainments. Participants were asked to 

rate their interest in the facilities. As shown in Table 4.11, most participants believed that the 

selected campus facilities were attractive to them to explore. Among them, 11 participants 

expressed interest in landmarks, accounting for 91.7% of all participants. The restaurant 

came next, with 10 participants expressing interest, accounting for 83.3% of the total. 75% of 

participants are interested in libraries and teaching buildings. At the same time, 66.7% of 

them expressed interest in multi-functional buildings. More than half (58.3%) of participants 
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thought that entertainment was attractive. 

Table 4.11. Participants' opinions of the attractiveness of campus facilities 

Campus 

facilities 

Opinions 

Not interested 

at all 

Not very 

interested 
Neutral Interested 

Strongly 

interested 

Libraries 
1 0 

2 
5 4 

1 9 

Teaching 

buildings 

0 1 
2 

6 3 

1 9 

Multi-purpose 

buildings 

0 2 
2 

6 2 

2 8 

Restaurants 
0 1 

1 
5 5 

1 10 

Landmarks 
0 0 

1 
4 7 

0 11 

Entertainments 
0 1 

4 
1 6 

1 7 

 

Comparing the above analysis, it can be found that when exploring freely, visual 

attractiveness is the biggest factor affecting the attention of wayfinding users. When 

considering campus facilities as a wayfinding direction, users have shown a certain degree of 

interest in different types of campus facilities. In the design of campus digital map, how to 

classify campus facilities should be considered, so that users can conveniently explore 

according to their own preferences. At the same time, the scenery that the user sees during 

the wayfinding process should also be considered how to be reflected in the digital map, so 

that the user can easily know and timely understand the content of interest. This is also 

consistent with the results reviewed in Chapter 2 that landmarks can enhance wayfinding 

instructions (Raubal and Winter, 2002; Çubukçu and Nasar, 2005; Davidson, 2014). However, 

since participants can find attention-grabbing factors in the physical environment during free 

exploration, the purpose of wayfinding is different from the previous two tasks (commute, 

quest). Whether the conclusions drawn here can be useful for wayfinding in other tasks still 
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needs to be discussed, especially quest tasks. Since people tend to follow familiar routes or 

complete wayfinding tasks by judging the surrounding environment, the efficiency and 

legibility of digital maps are more prominent in quest tasks. In Experiment III, the quest task 

was mainly used to evaluate the legibility of map information. 

 

4.4.2.2. Digital map function 

Based on the users’ demand for the “exploration” function of the map shown in the previous 

questionnaire survey, Google Maps was used as the tool and participants were asked to 

spend 10 minutes browsing the functions of the digital map, and collect information on the 

facilities discovered during the free exploration session. Participants were asked to fill in 

their experience of using Google Maps in the questionnaire. This consists of two questions, 

namely:  

1. How to find the place to be explored through Google Maps.  

2. Problems encountered when using Google Maps to find the way.  

When trying to explore through Google Maps, participants took several methods (Table 

4.12). 

 

 

 

 

 

 

 

 

 



138 
 

 

Table 4.12. Methods and times participants explored using Google Maps  

The number of times participants took different methods 

 

Method 1: Search directly for the name of specific place. 

Method 2: Use "Explore" function on the menu. 

Method 3: Click on the name of the place shown on the map. 

Method 4: Click buttons under search box. 

Method 5: I can't use this application to explore 

 

For a place with a known name, users often search for the place directly. This method 

appeared 6 times.  

However, it is often difficult for participants to obtain information about unknown locations 

discovered during exploration. In the test, users took different methods to obtain 

information about unknown locations. Google Maps classified commonly used facilities by 

function (restaurants, grocery stores, cafes, etc.). Participants tried to click the classification 

buttons under the search box five times to identify the facilities contained in the 

surrounding environment by clicking on different categories. In addition, the user tried to 

click on the name of the place in the corresponding position on the map to obtain 

information. This way occurred 5 times. Participants found the "explore" function of the map 

twice. One participant could not use Google Maps to explore at all. 



139 
 

 

In these methods, when participants tried to find the places they explore through the 

classifications that come with the map, the classification of Google Maps could not meet the 

functions of campus facilities, and participants couldn’t understand the information of the 

exploration locations in this way. When clicked on the corresponding location on the map, it 

was difficult for participants to distinguish whether the location they clicked corresponds to 

the location explored in the real environment. When acquired information through the 

"explore" function that came with the map, it was difficult for participants to get an 

introduction to campus facilities.  

In addition, participants encountered some problems when using digital maps to explore the 

campus (Table 4.13). 

Table 4.13. Problems that participants faced when using Google Maps 

Participant Problems participants faced when using Google Maps 

1 No entrance instructions, and showing incorrect or inconvenience paths. 

2 The real-time location is not accurate enough to help me making decisions at each 

conjunction points. 

3 GPS inaccuracy, too many crossroads. 

4 Not many ways that show on the map. 

5 The route is not accurate. 

6 It’s so hard to find some place where their entrance is not very appealing, and some buildings 

are connected so you cannot find them in the map. Otherwise, some lane looks like not 

regular. 

7 The direction of the arrow is wrong, especially at the beginning. 

8 Lead me to the wrong location. 

9 Sometimes, it guides you to a way which is obvious there is no way anymore. It can’t tell you 

which floor it means to. The google maps can’t work anymore when I go inside a building. 

10 Sometimes it’s confusing since it does not give the instructions precisely so I have to try to 

find the route on myself. 

11 Sometimes google maps gives you unnecessary paths, or the pointer moves slower than you 

and then when you realise you are far away and have to return. Also the main problem that 

sometimes happens is that give you wrong directions and lead you to the wrong place, losing 

your time. 

12 1. Sometimes there is a layback moment. 2. Cannot find the main entrance, just the central 

location of the place. 3. Incorrect leading sometimes, the algorithm might only focus the 

building itself, not that user-friendly to find the entrance for the building. 
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After analysis, it can be known that the problems faced by users when using digital maps to 

explore the campus may include:  

1. The entrance to the building cannot be found through the digital map;  

2. Digital maps lead users to incorrect/inconvenient roads; 

3. Unable to locate oneself accurately and in real time when finding the way;  

4. There are trails on the campus that do not appear on the map; 

5. When the destination has an altitude difference, it cannot be displayed on the map; 

6. It is not possible to conduct indoor navigation through digital maps.  

Among them, Google Maps cannot navigate to the entrance of the building, provides wrong 

navigation, and cannot navigate to the destination with difference in altitude. These 

problems also caused participants to encounter many difficulties in completing the task in 

the quest task. 

 

4.4.3. Summary 

In the explore task, Google Maps was used as a tool to investigate the factors that 

participants paid more attention to when they explored purposelessly on campus and the 

help of digital maps for exploration.  

When exploring the campus environment aimlessly, users pay more attention to the 

attractive visual elements in the environment. When the user cannot obtain the information 

of the exploration location from the environment, it is difficult to correspond to the 

information accurately and quickly on the map. How to reflect the scenery that the user is 

interested in in the process of wayfinding in the digital map, so that the user can more easily 

understand the relevant information is worthy of consideration.  

At the same time, when categorising campus facilities, users should consider the needs of 

campus facility functions to ensure that the classification is comprehensive and correct, and 

help users quickly and conveniently find the places they want to explore according to their 

functions.  
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In addition, the navigation of the campus digital map needs to be combined with the 

campus environment. The university environment is complex, and users will have difficulty 

finding their way both outdoors and indoors. The map should help users find the destination 

correctly. When the destination is indoors, the navigation guide should not only be the 

location of the destination, but the entrance of the building. Due to the complexity of the 

environment, the correct path, and the altitude gap, accurate positioning should be taken 

seriously. 

 

4.5. Conclusion 

Wayfinding tasks can be divided into three types: quest, commute, and explore (Allen, 

1999). This classification was subdivided in the literature review in conjunction with the 

purpose of wayfinding in academic settings and adopted as the types of tasks in this 

experiment. As users’ hope that these three tasks can achieve good wayfinding efficiency 

when using campus digital maps in previous studies, University of Leeds was used as a case. 

Series of tasks were set up in order to investigate the performance of university users in 

completing these three tasks on campus. Google Maps was chosen as a tool to assist in 

wayfinding.  

Among them, participants used Google Maps in the quest and explore tasks, and did not rely 

on any navigation system for wayfinding in the commute task. During the three tasks, 

participants’ wayfinding behaviours and routes were observed, tracked, and recorded. 

Participants were asked to use think-aloud methodology to tell their decisions, emotions, 

and feelings during the three tasks. At the same time, the route tracking software Strava was 

used to record the route and walking speed of all participants. A questionnaire was used to 

collect participants’ opinions and experience on the effectiveness of digital maps. 

Due to the complexity of the University campus environment, each task was divided into 

several small tests according to the degree of difficulty to observe and analyse participants’ 

wayfinding efficiency and problems in environments of varying degrees of complexity. After 
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analysis, the conclusions can be divided into three aspects: environmental complexity, map 

navigation efficiency, and user wayfinding purpose: 

ENVIRONMENTAL COMPLEXITY  

1. The user's wayfinding efficiency decreases with the increase of the complexity of the 

environment, and the demand for digital map navigation increases with the increase 

of the complexity of the environment; 

2. When there is a change in the altitude of the destination, failure to indicate it on the 

map will make it difficult for users to find their way; 

3. When the route to the destination is not a conventional outdoor route (carriage 

road, sidewalk, etc.), but a walking route belonging to the university campus (the 

walkable ground floor of the link building, trails, etc.), it will affect the efficiency of 

people's wayfinding. 

MAP NAVIGATION EFFICIENCY  

1. The appearance of the map affects the difficulty of corresponding to the map 

information and physical environment. Satellite mode shows better environmental 

recognition than standard mode; 

2. Accurate positioning can help users identify routes more easily; 

3. When the location on the map can quickly correspond to the real environment, the 

user's wayfinding efficiency is improved.  

USER WAYFINDING PURPOSE  

1. Users often need to reach a building on campus, and the navigation of the digital 

map should not only guide the user to the correct building, but guide the passable 

entrance of the building; 

2. The categorisation of buildings of campus facilities needs to cater to user needs and 

help users find their destinations more conveniently based on functions of buildings. 
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At the same time, in this test, participants were given enough time in each task to complete 

it. This saved them from worrying about running out of time and causing anxiety. However, 

in the daily life of campus users, users often need to complete wayfinding activities within a 

limited time. Digital maps that fail to take them to their destinations will cause users to have 

negative emotions and make people doubt the correctness of map navigation.  

In this experiment, an accidental situation brought new research ideas: a participant's 

positioning point drifted many times when using Google Maps, so that they had to spend a 

lot of time confirming whether their positioning was in the right location. A primary purpose 

of this research is to examine the role of user-centred map information design methods in 

improving the effectiveness of map design for campus wayfinding systems. The summarised 

information design principles are adopted in the map prototype design in the next chapter. 

There is a new idea on how to evaluate the map prototype: the object of evaluation is the 

legibility and usage efficiency of the information on the map, which should include the 

correspondence between the map's visual information and the physical environment. In this 

case, the normal operation of the Global Positioning System (GPS) will help the user locate 

on the digital map, reducing the difficulty of environmental recognition. The paper map can 

be used to evaluate the environmental recognition of the map prototype - this idea was 

adopted in Experiment III, and all current research contents were combined to design and 

evaluate a map prototype to obtain a more detailed and credible principles for campus 

digital map design. 
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5. Experiment III: Examining the effectiveness of campus digital 

maps with different layouts 

In the previous chapters, the following research has been completed:  

1. In CHAPTER 2: by analysing the existing literature, the basic concepts of wayfinding 

behaviour and the design principles of wayfinding systems were discussed, and the 

design principles of maps and digital maps were organised, as well as related 

research and challenges of campus wayfinding. The classification of campus 

wayfinding tasks derived from the literature review contributed to the task 

composition design of the three user experiments in this research. The framework of 

wayfinding system design principles constituted the research object of this research 

and the basic part of the campus digital map information design principles. On this 

basis, the existing literature on design map design theory and related cases was 

discussed in depth, and a framework of digital map design principles was constructed 

to form the evaluation reference for the visual survey in Chapter 3;  

2. In CHAPTER 3: through user research and visual survey based on map design theories 

and information design principles derived from Chapter 2, the design limitations and 

development prospects of the existing campus digital map were clarified;  

3. In CHAPTER 4: the University of Leeds campus environment was used as a case to 

test the wayfinding task in the academic environment, and the factors that affect 

users' wayfinding in the campus environment were summarised. Besides, it was 

proposed that testing the legibility of a digital map can exclude its automatic 

positioning and wayfinding functions and only focus on the map itself. 

With the support of the above research, this chapter first integrated the conclusions 

obtained in Chapter 4, analysed additional visual information that may improve the 

efficiency of using digital maps in academic environments, and presented them in the 

research tool (Google Maps) of Experiment II. Second, a simple user test was developed to 

evaluate the legibility of the added visual information. After discussing the test results, the 

conclusions obtained in the previous chapters were compiled and more detailed digital map 
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design principles were listed, which were adopted in the third step of map prototype design. 

Finally, the A/B testing method was used to evaluate and compare the usage efficiency of 

map prototype under different layouts to explore the help of additional visual information 

on campus wayfinding behaviour and to make the design principles of campus digital maps 

more objective and credible. The content of the research will be explained in detail in this 

chapter. Through the analysis of the test results, practical design solutions to improve the 

efficiency of campus wayfinding will be derived. 

 

5.1. Introduction 

Based on the limitations of digital maps and current campus digital maps, as well as factors 

affecting wayfinding efficiency obtained in previous chapters, this chapter provides an in-

depth analysis of the existing feasible improvements obtained in previous chapters: 

1. Make complex environments easier to read through map information: indicate 

changes in altitude (indoor floors, outdoor height differences, etc.) through map 

information; display feasible routes through visual elements, whether they are 

regular outdoor routes or not (walkable ground floor through buildings, pathways, 

etc.). 

2. Increase the correspondence and association between the map and the real 

environment, so that users can locate themselves more accurately and conveniently 

when using digital maps.  

3. Meet the user's purpose when finding ways in an academic environment: enable the 

map to guide users to accessible entrances to the correct destination during 

navigation. 

Based on the above improvement directions, taking the University of Leeds as a case study, 

this chapter uses A/B test methodology to evaluate whether the above improvement 

directions can effectively improve the efficiency of campus wayfinding.  
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The three main research objectives of this experiment are as follows: 

1. To observe the performance and efficiency of different groups of participants in 

wayfinding tasks using different map prototypes.  

2. To evaluate the readability of the map prototype and whether it improves the 

efficiency of completing tasks. 

3. To understand people’s perception of the correlation between maps and the real 

environment. 

Under the requirements of the research objectives, this experiment raises the following 

research questions: 

1. How is the readability and wayfinding efficiency of the redesigned digital campus 

map prototype?  

2. Can people relate maps to real-world environments to locate themselves?  

In order to achieve the research objectives and answer the research questions, the research 

designs and evaluates a campus map prototype. As shown in Figure 5.1, the experiment 

steps in four stages: 

1. Based on improvement directions identified through the previous research, add 

information on Google Maps to design a prototype. 

2. Conduct a user testing to investigate readability and identify areas of improvements 

to the prototype. 

3. Based on map design principles obtained in previous research and improvements 

founded in stage 2, design the second-generation prototype for testing. 

4. Conduct A/B testing to evaluate the impact of adding information on map usage 

efficiency, and evaluate map information legibility by observing participant behaviour 

during tasks and conducting interviews. 
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Figure 5.1. Stages of the map prototype design and evaluation. 

 

 

In the experiment in Chapter 4, a situation occurred accidentally: the digital map positioning 

point drifted. This resulted in a significant impact on the wayfinding efficiency of the 

participant. At the same time, this incidental issue brings a challenge to this research: the 

evaluation of digital map legibility can abandon the support of the Global Positioning System 

(GPS). The views in the literature review support the progress of this challenge: Kent and 

Vujakovic (2019, p376) discussed that digital maps and paper maps have commonalities in 

information design, and their difference from traditional paper maps is reflected in their 

personalisation based on different purposes. For example, interactive map scale, search 

function, click on the screen to obtain target information, etc. (see Section 2.3.2 for a more 

detailed discussion). In addition, in the task of using map navigation for wayfinding in 

Experiment II, unclear positioning (the destination was marked in the centre of the building 

instead of the entrance) and wrong route navigation (the route to the destination following 

the navigation had inaccessible sections) all increased the difficulty of wayfinding. Consider 

the above questions and: 

1. The information design of digital maps should not be discussed as a separate 

category of maps, they are the product of printed maps (Kent and Vujakovic, 2019); 

2. Orienting oneself in space is particularly important in people's wayfinding behaviour 

(Lynch, 1960; Süzer, 2018; Tao et al., 2018; Wang et al., 2018). The automatic 

positioning of digital maps helps people quickly obtain their position in the 
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geographical environment, which makes it unreliable to test whether they can judge 

their position in space and reading efficiency through map information. 

This chapter takes a bold step by using paper maps instead of digital maps to require 

participants to orient themselves, perceive the environment, and find their way entirely 

through map information to evaluate the readability and usage efficiency of the map 

prototype. This chapter details the design, content, and results of the test. 

 

5.2. Map prototype design and iterate  

In the quest task of Chapter 4, the deficiencies in Google Maps’ wayfinding information after 

people’s navigation failed have been analysed. Among the three wayfinding tasks proposed 

by Allen (1999) based on wayfinding purposes, the quest task showed the strongest demand 

for map visual information in Experiment II. Among the other two wayfinding tasks, the 

commute task showed that people prefer to rely on cognitive maps formed by their own 

memories for commuting; the explore task showed people's need for digital map functions 

when exploring their surrounding environment. It can be seen in the literature review and 

the analysis of Experiment I that the biggest challenge faced by users in finding their way in 

an academic environment is to reach a designated place within a limited time (Xie et al., 

2012). It may be that students need to arrive in class in time (Kanakri et al., 2016). This 

question was expanded upon in Experiment I, which concluded that campus users face 

challenges in finding building entrances. These purposes are consistent with the quest task: 

travel from a familiar place of origin to a strange destination. Therefore, the experiment in 

this chapter is designed to require participants to reach the accessible entrance of the 

building at the designated location within a limited time. Since the legibility and usage 

efficiency of the designed map prototype information need to be evaluated, the 

experimental environment needs to meet the scenario where people encounter wayfinding 

problems in Experiment II. Taking the University of Leeds campus environment as an 

example, the starting point and end point of the test need to meet the following conditions: 
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1. There is a terrain height difference between the start and destination point; 

2. The destination is an accessible building; 

3. There are unconventional outdoor routes to the destination; 

4. There are landmarks on the routes to the destination. 

The starting point that meets the above conditions is designated as Parkinson Building, and 

the end point is designated as Irene Manton Building. Their locations on the map are shown 

in Figure 5.2: the building marked in red is Parkinson Building, and the building marked in 

blue is Irene Manton Building. 

Figure 5.2. Locations of Parkinson Building and Irene Manton Building on Google Maps 
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After selecting the test departure point and destination, there needs to be consideration for 

the inclusion of additional information on the map to help users reach the destination. 

Therefore, a prototype containing additional information need to be designed. 

After the prototype was generated, it required a user test to investigate design problems and 

mistakes. The map was then redesigned based on map design principles proposed in the 

previous chapters and the results of the user tests obtained, and finally a redesigned map 

prototype was obtained for testing and evaluating. 

 

5.2.1. Design of additional information on the map  

This research used Google My Maps as a reference to design the map prototype. In order to 

evaluate the use of the improved digital map in the campus environment, additional 

information needs to be added to the digital map to test the improvements of the 

preliminary research: 

1. Add information on the map to indicate the existence of terrain height differences in 

the environment; 

2. Identify the accessible entrances and exits of the building on the map; 

3. The routes on the map should be complete, including unconventional outdoor 

routes, and can be identified by users; 

4. There should be landmarks on the map, and they can correspond to the real 

environment. 

During the designing process of the prototype, a map prototype which can satisfy the 

defined improvements should be first adopted. In the design of it, the visual effects of the 

added information are considered from three aspects: a) icons; b) passable routes; c) map 

appearance. At this stage, the focus is only on additional informative annotations of passing 

areas to help form a simple map visual. 
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5.2.1.1. Icons 

During the map design, icons are chosen as a way to add additional visual information. In the 

research of wayfinding systems in Chapter 2, it was established that visual elements are 

faster and more easily recognised by humans than text, and increases ease of understanding 

and accessibility of written information (Norman, 1990; Miller and Lewis, 1999; Süzer, 2018). 

At the same time, many feedbacks during Experiment II showed that participants identified 

the marked point of the building on the map as the end point, even though it was marked in 

the centre of the building, and the task required finding the entrance to the building. 

Markers take the visual form of icons, which is why icons were chosen to represent 

information here: they may serve the same function as markers. In order to avoid different 

cultural and educational backgrounds from impacting different interpretations of the icons 

of the wayfinding system (Hashim et al., 2014), the icons are designed to be as simple as 

possible. As shown in Figure 5.3, the icons are respectively designed in line mode to 

represent access and altitude differences. 

Figure 5.3. Extra information designed for the first-generation prototype – Icons 

 

 

In addition, the landmark icons corresponding to the real environment were carefully 

designed and included (Figure 5.4), which represent the main features of the landmarks on 

the icons, simplifying them to an easy to understand two-dimensional form. 
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Figure 5.4. Extra information designed for the first-generation prototype – Landmarks 

 

 

5.2.1.2. Passable routes 

For the destination building of this experiment, reaching its entrance has to be done via an 

unconventional outdoor route: a connecting bridge between the buildings, which is not 

marked on Google Maps. In order to prevent the added route from being too conspicuous, 

and potentially affecting the experimental results, the same visual element representation of 

the route in standard mode (white lines) is added on the map to indicate the existence of 

accessible routes (Figure 5.5). 

Figure 5.5. Extra information designed for the first-generation prototype – Passable route 
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5.2.1.3. Map appearance 

Regarding the choice of map mode, in order to control the amount of information on the 

digital map used for testing, the standard mode Google Maps which simplified the 

geomatical environment information is used during the prototype design. This is because the 

standard mode map uses simple graphics to show the orientation and distribution of 

buildings, and concisely marks most of the accessible roads in the form of lines. This allows 

readers to pay more attention to the information given by the map when finding their way, 

instead of looking for passable roads, which reduces the time for users to judge whether the 

route is feasible. 

 

5.2.1.4. First generation prototype design 

After adding the above design elements to Google Maps, an initial map prototype was 

completed. As shown in Figure 5.6, in the test area, the prototype marks the accessible 

entrances of the buildings and the locations with altitude differences, and adds accessible 

routes. The prototype was made using Google My Maps, which provided the users with the 

ability to create their own maps. Based on the feasible improvements proposed in Section 

5.1, improvements were made to integrate design elements and added to the map 

information in the form of visual elements, so that the preliminary prototype could meet the 

requirements for improvement. At the same time, deficiencies in the design can be found 

through testing, and based on this, design improvement plans for adding visual information 

can be derived. 
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Figure 5.6. Appearance of the first-generation map prototype 
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5.2.2. User testing of first generation map prototype 

In order to enable the map prototype to obtain legibility and specific reading feedback of the 

added visual information, the first generation map prototype was user tested and then the 

design solution was refined based on this. When conducting the test, the following issues 

should be paid attention: 

1. How legible is the map prototype? 

2. Does new information on the map help to find the destination? 

3. Is there any trouble when reading the prototype? What is the improvement? 

Since the purpose was to evaluate the legibility of the added visual information, the user 

testing did not test the wayfinding functionality in a real-world setting, but instead asked 

participants to use it to create routes on a map. To facilitate route planning during the test, 

the user test provided a paper Google map and a paper prototype containing the test area. 

In order to evaluate the legibility of the map information, the test presented two tasks that 

required participants to search and use information provided on the map. They were first 

required to create a route using the original map. In this step, participants were provided 

with a start and end point (both contained within the test area and could be identified) and 

asked to collect existing map information and create a route on the map to the destination 

building entrance. Next, how additional information changed and helped in route planning 

would be tested. The designed prototype would be provided, and participants would be able 

to recreate the route with the help of additional information. By analysing possible 

differences in the route and collecting participants' subjective opinions on the legibility of 

the original map compared to the map prototype, it is possible to learn what information on 

the original map caused misunderstandings or missing information. In addition, planning the 

route twice could more clearly show the comparison of information between the two 

versions of the map to participants. Through two rounds of user testing, participants could 

visually understand the usefulness of the additional information and provide feedback on 

the additional information during follow-up interviews, which could potentially improve its 

visual presentation to make the additional information more consistent with user 
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expectations. 

Participants were required to complete the following tasks during the test: 

1. Read the paper Google Map, confirm the starting point (Parkinson Building) and 

destination (Irene Marton Building), then plan and draw the route by a marker pen to 

reach the destination on the map; 

2. Read the paper map prototype with additional information added, then re-plan and 

draw the route to reach the destination. 

The test was divided into the above two steps to enable participants to first become familiar 

with the standard mode of Google Maps, understand the original information of the map, 

and plan routes through the original information and visual elements. On this basis, the 

prototype provided additional information consistent with the improvements proposed by 

the research. By comparing participants' changes in the two planned routes and participant 

usage feedback, it was possible to determine where the original map caused 

misunderstandings, as well as the extent to which the additional information helped 

complete the task and possible comprehension difficulties. 

Participants were asked to consider the feasibility of the drawn route in a real-world 

environment, which means the route should be passable. This requires that the routes they 

draw must be consistent and fit the roads shown on the two paper maps. 

During reading and annotation, participants were asked to identify and describe any 

problems that caused them difficulty reading.10 participants were invited to conduct the 

test. Table 5.1 shows the basic information of them. 

Table 5.1. Participants' basic information 

N Gender Age Occupation Native English speaker or not 

10 3   Male 

7   Female 

8  21-30 

2  31-40 

10  Student 10  Non-native 

 

Routes they drew are shown in Table 5.2. The researcher added the routes drawn by the 
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participants on the original Google Maps and the map prototype onto a single map, which 

provided a clear visual representation of the two route changes.  

The two routes are represented by different colours: the first drawing (on the original map) 

is blue, the second drawing (on the designed prototype) is yellow. Whether the participant 

successfully plotted a route to the destination entrance is shown in Table 5.2. It can be seen 

that none of the participants successfully plotted a feasible route to the destination using 

the original Google Maps. After using the prototype, eight of them successfully plotted a 

route to their destination. At the same time, the reasons why participants decided on the 

route were collected, and the sections where the route changed were sorted out. 

Table 5.2. Route map collection and reasons for route decision 

Participant route map Success or not Reasons for route decision 

No. Route map collection Original Designed Decision points Reasons 

1 

 

N Y 

 

Original: There’s a green 

line going through that 

building so I think it is a 

road (1); besides, route 

through the building can 

reach marker (2) of 

destination. 

Designed: I realised the 

entrance icon (4) and 

there’s a link (3) to reach 

the entrance, so I changed 

the route. 

2 

 

N Y 

 

Original: The way to the 

destination was blocked by 

a building (1), so I chose to 

take a detour from the 

pond and finally reached 

the destination marker (2). 

Designed: I recognised the 

sculpture (3), so I chose to 

pass there; the map 

showed the entrance (4), 

and I realised that the 

right way was on the lawn. 
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Participant route map Success or not Reasons for route decision 

No. Route map collection Original Designed Decision points Reasons 

3 

 

N Y 

 

Original: There is a white 

road at the destination 

building's text 

information (1), which 

should be the end point. 

Designed: The map 

shows the entrance (2) 

and a new road (3) that 

can be reached. 

4 

 

N N 

 

Original: I am familiar 

with Parkinson's road 

into University (1) and 

can take fewer detours; 

reaching the destination 

requires a detour (2), and 

then I can reach the 

destination mark (3). 

Designed: I recognised 

the Ziff building (4) and 

the target entrance (5) 

through the icon, and I 

planned the shortest 

route with the fewest 

turns to get there. 

 

5 

 

N N 

 

Original: It is necessary 

to go around the build-

ing (1) to reach the des-

tination (3), and there is 

a road (2) leading to the 

destination. 

Designed: There seems 

to be no way to get to 

the entrance (5), except 

for the green line (4) that 

goes through Roger 

Stevens Building so I 

drew the line through it. 
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Participant route map Success or not Reasons for route decision 

No. Route map collection Original Designed Decision points Reasons 

6 

 

N Y 

 

Original: I made as few 

turns as possible, going 

straight to the left (1) 

and turning to get past 

the blocking building (2) 

to the destination. 

Designed: I recognised 

Ziff Building (3) and 

changed the route. After 

seeing the entrance (5), I 

connected the path from 

the garden (4) in the 

opposite direction. 

 

7 

 

N Y 

 

Original: I know there is 

a staircase going through 

Roger Stevens Building 

that can be passed 

through (1), but there 

seems to be no way; I 

may go around the 

destination (3) through 

the white road (2) on the 

map. 

Designed: I saw the end 

sign and an added road 

(4), obviously the route 

needed to be changed. 

 

8 

 

N Y 

 

Original: I minimised 

turns (1), and after going 

around the building and 

pond (2), I could reach 

my destination (3). 

Designed: I drew a route 

from the end (5) and a 

new path in the opposite 

direction to the starting 

point, with as few turns 

as possible (4). 
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Participant route map Success or not Reasons for route decision 

No Route map collection Original Designed Decision points Reasons 

9 

 

N Y 

 

Original: I took the 

straightest possible route 

(1) to destination. I 

passed through the 

building blocking the 

road (2) to reach the end 

point (3) directly. 

Designed: I changed the 

route to the sculpture 

(4), again reducing the 

turns; a new path to the 

final entrance was added 

(5), so I changed my 

decision of route. 

10 

 

N Y 

 

Original: I remember that 

turning here (1) can lead 

to the library; bypassing 

the pond (2) can directly 

reach the destination (3). 

Designed: I reduced the 

turns (4) to access the 

newly added road and 

terminal entrance (5) 

through the garden. 

 

 

 

The comparison of the drawn route presented together and the decision of route planning 

can analyse the following conclusions: 

Reasons for route planning failure: 

1. End point positioning error: 

a. In the original Google Map situation, the mark icon of the target building is 

regarded as the end point: 9 times (Participant 1, 2, 4, 5, 6, 7, 8, 9, 10); 

b. In the original Google Map situation, the text information of the target 

building is regarded as the end point: 1 time (Participant 3); 
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c. Wrong understanding of the spatial relationship between the entrance and 

the target building in the prototype situation: 1 time (Participant 4). 

2. The visual information about accessible roads on the map is confusing: 

a. The added road cannot be identified: 2 times (Participant 4, 5); 

b. The visual presentation of the roads on map is difficult to distinguish: 3 times 

(Participant 1, 3, 7). 

Reasons for changing the route when drawing for the second time (using the prototype): 

1. Clarify the target location (entrance icon) and the accessible road to the destination 

(newly added route): 8 times (Participant 1, 2, 3, 6, 7, 8, 9, 10); 

2. Identify the landmark and reset the route to pass the landmark: 4 times (Participant 

2, 4, 6, 9). 

Preferences when planning routes: 

1. Prefer fewer turns and reach the destination in a straight line as much as possible: 4 

times (Participant 4, 6, 9, 10); 

2. Relying on cognitive maps to correspond map information to the geographical 

environment, tending to allow routes to pass through familiar areas: 3 times 

(Participant 4, 7, 10). 

In the case where the destination entrance was unknown, analysis of the route map showed 

that when the route reached the obstacle building, participants tended to a) bypass the 

pond (5 times); b) go directly through the building (4 times); c) bypass through the green 

belt (1 time). As shown in Figure 5.7, the real environment of the area is marked on the map: 

there are accessible roads not shown (A, C), there are roads passing through the floors (B), 

and there are height differences (B, D). This is consistent with the findings in Experiment II, 

which showed that map legibility is reduced when complex environments cannot be 

represented on the map. 
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Figure 5.7. Areas of confusion when planning the route 

 

 

For cases where the route map to the destination cannot be successfully drawn after 

providing additional information, based on inquiries about the reasons for the failure during 

and after the experiment, the following reasons were given: 

1. The added accessible route cannot be recognised;  

2. The route on the map itself is confused and uncertain whether it is accessible;  

3. The icons position of the accessible entrances is confusing, and it is impossible to 

determine the direction of the entrance. 

In addition, after collecting the difficulties encountered by participants when read maps, it is 

concluded that the designed prototype has the following problems: 

1. The background colour of the map is too similar to the road colour, making it 

impossible to quickly determine whether there is a route (Figure 5.8); 
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2. The height difference and entrances and exits are represented by icons, which 

cannot fit in with the original visual elements of the map, resulting in the need to 

distinguish the meaning of the icons (i.e. Which road does the height difference icon 

refer to? Which building does the entrance and exit belong to? Where exactly are the 

entrances and exits in the building?) 

3. There is too little graphical information on the map in standard mode. Sometimes 

there is only the background and roads. In this case, it is impossible to tell whether 

anything other than the lines can be passed (Figure 5.9). 

Figure 5.8. Colour of map background and roads 

 

 

Figure 5.9. An example of lack of information on map: only road lines 

 

 



164 
 

 

At the same time, the 80% success rate shows that the additional information is indeed 

helpful to a certain extent in correct route planning. The design of the map prototype needs 

to meet the map design principles while avoiding the reading difficulties encountered by 

participants during the user test. Therefore, the information structure and visual elements of 

the prototype need to be improved to help users understand the information on the map 

more conveniently and correctly, so as to plan routes more efficiently. 

 

5.2.3. Second generation prototype design 

Before designing the second generation, a lot of preparatory work had to be completed: 

1. Studied and analysed previous research to identify wayfinding and map design 

principles; 

2. Collected existing digital maps of British universities for visual research to outline 

map design guidelines; 

3. Through a questionnaire survey, investigated how users use digital maps and the 

limitations of using campus digital maps were understood; 

4. Conducted user testing using Google Maps to sort out feasible directions to improve 

wayfinding efficiency in the campus environment; 

5. Established and tested the map prototype designed based on Google Maps, thus 

obtained more specific design improvement directions for the visual and information 

presentation of the map. 

As shown in Table 5.3, the main findings of each chapter are organised and listed to 

integrate existing findings. 
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Table 5.3. Findings of each chapter 

Finding Classification Contents of finding 

Wayfinding 

design 

principles 

(Chapter 2) 

 

Image •  Destination and direction can be identified using images such as icons, 

arrows, and pictograms rather than text descriptions (Miller and Lewis, 1999; 

Süzer, 2018);  

•  Images are easier to recognise than text for quick processed information 

(Lomperski, 1997; Apelt et al., 2007; Xie et al., 2012; Hashim et al., 2014; 

Süzer, 2018; Wang et al., 2018); 

•  Different cultural and educational backgrounds lead to different 

understandings of images, and it is necessary to consider the legibility of 

images among different groups of people (Hashim et al., 2014), or to assist in 

explaining images’ functions. 

Colour •  Visual information (background, letters, graphics) should have colour 

contrast and brightness differences (Lomperski, 1997; NHS Estates, 2005; 

Apelt et al., 2007; Gibson, 2009; Sandnes, 2017; Süzer, 2018; Roefs and 

Mijksenar, 2017);  

•  The colours used in the colour settings should not be too many (NHS 

Estates, 2005; Feisner, 2006);  

•  Focus on the three properties of colour (hue, intensity and value) to enrich 

colour composition and create contrast (Gibson, 2009);  

•  When choosing colours, consider whether different cultures will bring 

different interpretations of the meaning of colours (Park and Guerin, 2002; 

Hashim et al, 2014; Calori et al., 2015). 

•  Use colour coding can convey information (Abu-Obeid, 1998; Calori et al., 

2015); 

Typography 

and layout 

•  Fonts such as Arial, MS Sans Serif, Tahoma, Futura, Geneva and Helvetica 

Medium make it easier for people, including those with visual impairments, to 

read. (Apelt et al., 2007; Gibson, 2009);  

•  For emphasised information, bold, capital letters, and larger font sizes can 

be adopted (Bringhurst, 2002); 

•  Wayfinding systems need to help users orient themselves (Canter, 1974; 

Passini, 1992; Kitchin, 1997; Güneş, 2018); 

•  Fonts with descriptive functions should be unified (Gibson, 2009);  

•  Font size, type, and layout should be legible and easy to understand. The 

size and spacing between letters and words should be proportional to the 

amount of information provided, uppercase and lowercase letters are easier 

to read than all uppercase letters (Apelt et al., 2007; Gibson, 2009; Roefs and 

Mijksenar, 2017);  

•  Clear definition of elements in the physical environment (buildings, roads, 

bridges, etc.) (Apelt et al., 2007; Gibson, 2009). 
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Finding Classification Contents of finding 

Digital map 

design 

principles 

(Chapter 2) 

Spatial 

information 

•  The organisational elements of spatial information, including paths, 

landmarks and areas, should be displayed on the map (Apelt et al., 2007); 

•  The spatial relationship of the campus map needs to represent the 

relationship between the direction of space objects and the direction and 

order of buildings (Cao et al., 2008); 

•  When using digital maps for positioning, a self-centred view should be 

taken (Thomas, 2008); 

•  Digital maps can display information about buildings and landmarks and 

interact with them to enhance the attractiveness of the map (Kim, 2011); 

•  The complexity of landmarks and views should be reduced, and key nodes 

should be kept in key positions (Wang et al., 2018); 

•  Using recognisable landmarks on digital maps (Siegel and White, 1975; 

Çubukçu and Nasar, 2005; Davidson, 2014). 

Text and 

layout 

•  Use only important and memorable elements when choosing the 

information displayed (Apelt et al., 2007); 

•  The text and layout of the map should be proportional and neat, and avoid 

using letter codes and number codes. (Apelt et al., 2007); 

•  The display of map information should consider more the relationship 

between shapes, paths, and spaces; 

•  Campus digital maps have advantages in updating network information, 

and the information can be updated according to changes in facilities and 

personnel. 

Scale •  Users should be allowed to freely choose the appropriate map scale 

(Davidson, 2014); 

•  As the scale of the map shrinks, the level of detail of the information 

should decrease (Töpferand and Pilewizer, 1966). 

Wayfinding 

behaviour 

in 

academic 

environm-

ents 

(Chapter 2, 

3) 

Wayfinding 

problems 

•  Need reach the destination on time (Xie et al., 2012; Kanakri er al., 2016); 

•  The destination address is updated or different from the address in 

memory (Agarwal and Lawrence, 2014); 

•  Difficult to find the specific building and specific room number through 

the same wayfinding system (i.e. map, signage) (Chao, 2016); 

•  Need to travel to different locations within the same complex building 

(Scott-Webber. 2000; Bishop, 2011); 

•  Can’t find the entrance of building/specific room is the most common 

difficulty in campus wayfinding; 

•  Time limitation will cause pressure (Xie et al., 2012; Canakry et al., 2016). 

Performance 

of campus 

digital map 

•  External digital map is heavily used, but it cannot meet users' expectations 

when finding way on campus; 

•  Digital map is more effective/convenient than paper map; 
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Finding Classification Contents of finding 

  •  Mobile phone is the most suitable device for using digital maps; 

•  Correct positioning is one of the most important functions; 

•  Distinctive map visual elements can be used on map. 

Map visual 

elements 

representa-

tions 

(Chapter 3) 

Lines •  Use lines to represent roads;  

•  Change the thickness of lines to indicate the width of roads;  

•  Change the form of lines (dotted/solid lines, transparency) to represent 

different functions (sidewalks, driveways, paths through buildings, underpass, 

etc.);  

•  Arrows can be added to lines representing lanes to indicate the direction 

of a one-way street;  

•  Use lines to frame campus areas to make the campus environment 

independent of the city. 

Shapes •  Use different shapes to represent the landscape with volume in the real 

environment (such as buildings/lawns/rivers and lakes);  

•  Connected building groups should be represented separately. 

Colours •  Use colours similar to the actual environment to represent lawns and 

rivers (green and blue);  

•  When the background colour and the colour of the visual elements are 

similar, it may be difficult to read the information;  

•  Use different coloured lines can represent different road functions; 

•  Buildings can use different colours to increase the colour diversity of the 

map and the distinction between building groups; 

•  Two-hues differentiation can use minimal colours to make connected 

buildings not difficult to distinguish;  

•  Colour sequence changes (brightness and saturation change in sequence) 

makes colours of different information change without causing reading 

difficulties due to too many colours;  

•  Hue changes adds colour richness and show differentiate areas in the 

environment. 

Map design 

guidelines 

(Chapter 3) 

 

 

Map 

overview 

•  Take measures to enable users to quickly identify campus areas on the 

map; 

•  The centre of the original map should be located in the campus area; 

•  Use shapes and colours to distinguish campus facilities and buildings, and 

can assist with schematic diagrams to remind facilities functions; 

•  The visual elements of the map should be balanced to avoid using too 

many formats. 

Map 

information 

•  The detailed level of information changes accordingly with the change of 

the map scale; 

•  Should avoid excessive information; 
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Finding Classification Contents of finding 

  •  The information on the map should be balanced and orderly (Tyner, 2014); 

•  Text information in the same format should be used; 

•  The user should be allowed to identify the entrance of the building on the 

map. 

Digital map 

interaction 

•  Users should be allowed to locate themselves at any time; 

•  Combine the wayfinding function with the campus digital map to allow 

users to use the campus digital map for wayfinding; 

•  The menu should have hierarchy to avoid too much information at the 

same level; 

•  The user should be allowed to directly operate the map to view the 

facilities/buildings on the map. 

Digital map 

improvem-

ents 

(Chapter 4, 

5) 

Complexity of 

environment 

•  The user's wayfinding efficiency decreases with the increase of the 

complexity of the environment, and the demand for digital map navigation 

increases with the increase of the complexity of the environment;  

•  When there is a change in the altitude of the destination, failure to 

indicate it on the map will make it difficult for users to find their way;  

•  When the route to the destination is not a conventional outdoor route 

(carriage road, sidewalk, etc.), but a walking route belonging to the university 

campus (the walkable ground floor of the link building, trails, etc.), it will 

affect the efficiency of people's wayfinding. 

Map 

navigation 

efficiency 

• The mode of the map affects the difficulty of corresponding to the map 

information and physical environment. Satellite mode shows better 

environmental recognition than standard mode;  

•  Accurate positioning can help users identify routes more easily;  

•  When the location on the map can quickly correspond to the real 

environment, the user's wayfinding efficiency is improved.   

User 

wayfinding 

purpose 

•  Users often need to reach a building on campus, and the navigation of the 

digital map should not only guide the user to the correct building, but guide 

the passable entrance of the building;  

•  The categorisation of buildings of campus facilities needs to cater to user 

needs and help users find their destinations more conveniently based on 

functions of buildings. 

Digital map 

improvem-

ents 

(Chapter 4, 

5) 

 

Map 

information  

•  Colour of map background and the road need to have contrast; 

•  Accessible roads need to be clearly and systematically represented on the 

map; 

•  Icons are not suitable for use as visual elements on maps that represent 

height differences and entrances; 

•  Visual elements need to be added to help users perceive the physical 

environment. 
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Based on the findings of research in the previous chapters summarised in Table 5.3 and 

combined with the purpose of this part, the design guidelines for the map prototype on 

spatial information, colour and added information are listed: 

SPATIAL INFORMATION: 

1. Map appearance: 

a. It should make it easy for users to identify accessible roads and different 

entities in the environment (buildings, lawns, rivers, etc.); 

b. While avoiding increasing the complexity of map information, it should 

ensure that users can easily and quickly correspond to the real environment 

through the map. 

2. Block division: 

a. There should be visual differences between different buildings to facilitate 

identification when reading; 

b. Different areas of the map should be clear and easy to read. 

3. Visual elements: 

a. Unique visual elements should be used to help users connect the map to the 

real world, such as adding landmarks to the map; 

b. Icons should be easy to understand to aid reading; 

c. Unconventional paths (such as passages through buildings) should be marked 

on the map. 

COLOUR: 

1. Avoid using too many colours; 

2. Avoid using similar colours that make it difficult to identify; 

3. Colours that match the real environment (green for lawns, blue for rivers, etc.) 

should be used to base the visual information in reality. 

ADDITIONAL INFORMATION: 

1. The accessible entrance of the building needs to allow users to determine their 
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specific location when reading; 

2. When representing altitude changes on the map, users need to understand the trend 

of changes so that they can correspond to the real environment. 

Under the design guidelines, the second-generation map prototype was designed. Due to 

the need to evaluate the impact of added information on wayfinding efficiency, information 

on map prototype was divided into two categories: that without additional information and 

that with additional information. As shown during the introduction of this section, additional 

information should include a) height differences; b) accessible entrances and exits to 

buildings; c) unconventional outdoor routes; d) landmarks corresponding to the real-world 

environment. 

During the design process, map information was selected as the focus of the research, 

meaning other factors remained the same to prevent influence from additional changes. The 

prototype map used for testing without additional information and the same area on Google 

Maps used as a reference are shown in Figure 5.10.  

Figure 5.10. Second-generation prototype without additional information(left) and Google Maps of the same 

area(right) 
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In the map prototype, since user testing of first-generation prototype showed low colour 

contrast causing reading difficulties, the second generation adjusted the colour difference of 

visual elements. Considering that adding information will increase the colours used in the 

map, the original information did not adopt colour sequence changes or hue changes to 

enrich the map colours. Two-hue differentiation was used to represent buildings, which was 

in line with the two-hue differentiation of distinguishing connected buildings. The accessible 

roads on campus were represented by white lines, which contrasted with the gray 

background to allow users to distinguish them when reading the map. At the same time, the 

road width corresponded to the real environment. Green spaces (such as parks and areas of 

grass) were represented by a light green shape and bodies of water (e.g. ponds) were 

coloured blue. In the choice of text layout, only the name of the building was retained. 

When adding visual information to the map prototype, icons indicating height differences 

and entrances were changed to colours and pictograms to address issues with icons causing 

reading difficulties discovered while testing the first generation prototype. As marked by the 

red circle in Figure 5.11, since there are slopes or stairs in the real environment that allow 

people to walk in different altitude, the yellow shape covering the road is used to represent 

the height difference, and lines and arrows are used to show from high to low. 

Figure 5.11. Visualisation of stairs and slopes 
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For accessible entrances and exits, since users need to be able to identify their specific 

locations when reading the map, the icons used in the first generation are replaced by lines 

that overlap the shape of the building (Figure 5.12). 

Figure 5.12. Visualisation of passable entrances 

 

 

In addition, the pathways and height changes through the building are uniformly coloured in 

light red (Figure 5.13) to create a visual distinction from the outdoor roads. 

Figure 5.13. Visualisation of roads through buildings 

 

 

Finally, after adding landmark patterns to the map, the second-generation map prototype is 
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shown in Figure 5.14. 

Figure 5.14. Second-generation map prototype with additional information 

 



174 
 

 

After completing the design, two kinds of prototypes can be used in testing to evaluate how 

additional information helps wayfinding behaviour: a) map prototype without added 

information; b) map prototype with added information. 

In previous studies (Experiment II, user testing of the first-generation map prototype in 

Experiment III), Google Maps has been used as a tool for testing and as a prototype for map 

appearance. Through user testing in Experiment II, the limitations of Google Maps in 

wayfinding in academic environments have been sorted out, and an information addition 

plan for campus digital map information design has been discussed. After user testing of the 

first generation prototype, a more detailed map appearance and visual information design 

improvement was obtained. The limitations of using Google Maps have been summarised by 

two rounds of user-involved experiments with user testing and route drawing. Therefore, 

Google Maps was no longer used as a tool in A/B testing. The focus of the test tends to be to 

evaluate the legibility of the added information through A/B test data; to observe wayfinding 

behaviour of participants to analyse the environmental perception of the second-generation 

prototype; to conduct post-experiment interviews to gain depth and persuasiveness 

feedback on using the map prototype. 

 

5.2.4. Second generation prototype evaluation methods 

To investigate the effect of the newly designed map prototype and evaluate the reading 

speed and wayfinding accuracy of the map with or without additional information (Figure 

5.15), an A/B test was conducted among 16 participants. In this test, the layout of the two 

maps was identical, with and without additional information being the only variation. 
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Figure 5.15. Appearance of the original prototype (Left) and the information-added prototype (Right) 

 

 

5.2.4.1. A/B testing methodology 

Tomitsch and Wrigley (2018) suggested that to evaluate two different versions of the same 

product, A/B testing can be used to understand the impact of variables. This is consistent 

with the need for this research to evaluate the impact of additional information on the 

efficiency of map prototype use. In recent research, A/B testing is more commonly used to 

compare alternative versions of website user interface designs, as shown in Larsen et al. 

(2023) statistics of online controlled experiments. The statistics of Larsen et al. (2023) also 

pointed out the widespread use and help of A/B testing in online experiments. This is 

consistent with research by Koning, Hasan and Chatterji (2022), which found that companies 

that use A/B testing to evaluate products have significantly improved performance. This 

suggests that this methodology can help identify and expand promising ideas during product 
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evaluation, as well as detect and discard negative signals more quickly. 

The use of A/B testing in the evaluation of tangible products or prototypes was used in the 

study of Madlenak et al. (2023) and helped to quickly obtain a comparison of the time spent 

by participants on completing tasks, thereby discussed whether the test variable helped the 

research purpose or not. Tomitsch and Wrigley (2018) also suggested that A/B testing can 

help to quickly determine whether A or B is more effective in a given scenario. In the 

evaluation phase of this research, it needs test whether the additional information helps 

wayfinding. After redesigned the improvements discovered during user testing of the first 

generation, users can more clearly identify accessible routes on the designed second 

generation prototype. In this case, by grouping the participants and conducting A/B testing, 

this research can determine whether the additional information is helpful to the efficiency of 

wayfinding through the time participants take to complete the wayfinding task. 

For more directions in the research questions that need to be investigated, such as the 

legibility of additional information and in what ways the information affects the efficiency of 

wayfinding, these cannot be obtained by A/B testing since this methodology is used to offer 

a quick diagnosis between two products (Tomitsch and Wrigley, 2018). Therefore, 

observation was adopted in the test. Participants' performance during wayfinding was 

recorded and they were asked after the test to comment on the legibility of the map 

prototype during wayfinding. Their comments and suggestions were recorded in writing for 

qualitative analysis. 

 

5.2.4.2. Participants recruitment 

When planning an A/B testing, participants need to be divided into two groups. Therefore, in 

theory, two participants can constitute the necessary conditions for testing (Tomitsch and 

Wrigley, 2018). However, to obtain more data to avoid the possible influence of participants' 

personal factors on the results, a total of 16 participants took part in the test. Table 5.4 

shows the basic information of them. 

 



177 
 

 

Table 5.4. Participants' basic information 

N Gender Age Occupation Native English speaker or not 

16 9   Female 

7   Male 

16  21-30 16  Student 16  Non-native 

 

All the participants are Leeds University campus users and none of them had gone to or 

entered the destination building before participating in the test. This ensures that 

participants can not choose a route from memories, but instead find their way entirely 

through the map prototype. This prevents the wayfinding efficiency and success rate from 

changing due to the user's familiarity with the environment, thereby reducing the impact of 

additional variables on the experimental results. 

Participants were randomly divided into two groups of eight people each and were 

introduced to the experiment in detail. At the same time, they were allowed to refuse or 

withdraw from the experiment for any reason. 

In addition, during the wayfinding test process, regardless of whether the destination was 

reached or not, the experiment stopped when the time was up. 

 

5.2.4.3. Test process 

Before the test, participants were divided into control group and experimental group. The 

control group (group A) used the redesigned map prototype without added information; the 

experimental group (group B) used the extra-information-added redesigned map prototype. 

Based on the research purpose of evaluating the impact of additional information on 

wayfinding efficiency, a correct understanding of the information content is a necessary 

condition for testing. Due to differences in the comprehension abilities of different readers, 

the role of all additional visual information should be informed before the test to ensure 

participants' understanding (Figure 5.16). This avoids misunderstandings causing reading 

difficulties and producing variables that affect experimental results. During this stage, 

participants’ confusion about the visual information was recorded according to information 
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type for subsequent design development. Appendix VIII shows the two prototypes provided. 

Figure 5.16. Additional visual information shown to participants in group B 
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Only one person took part in each test, each participant had five minutes to familiarise 

themselves with the information on given map. It is known that during user testing of first 

generation prototype, some users had difficulty understanding map information. To prevent 

the possibility of test interference due to information comprehension issues during A/B 

testing, participants were allowed to question any uncertainty or confusion about the map 

information during reading so that they understood all the information given by the map 

before testing. 

Next, after being informed of their destination, participants were asked to engage in route 

planning. Navigation was disabled due to the need for this research to evaluate the impact 

of additional information on the modified digital map prototype on wayfinding efficiency. 

Participants were provided with the paper map prototype covering the entire test area. They 

were allowed to mark routes to their destinations on the paper map to gain a clearer idea of 

how to get there before the test. Participants must keep their route on a passable road when 

marking it. 

After planning their route, participants performed the wayfinding task. They started at the 

entrance of the Parkinson Building at the initial location, and the destination was Irene 

Marton Building. During the test, participants’ wayfinding time is limited. A limitation in 

previous research was that the time constraints faced by users when finding their way in 

academic environments were not taken into account, and this is considered in this test. In 

Experiment II, when using Google Maps to automatically plan routes, incorrect navigation on 

the one hand reduced the participants' wayfinding efficiency, and made the participants 

have to rely on map information to find the correct destination. After Experiment II, the 

researcher used the "Edit the map" function of Google Maps to correct and add some 

missing roads to the map, thereby generating new navigation routes. As shown in Figure 

5.17, after updating the missing roads on Google Maps, the digital map calculated the 

approximate wayfinding time from the starting point to the end point of this experiment to 

be 7-9 minutes based on the route length. Considering that this experiment using the map 

prototype for wayfinding requires participants to plan their own routes and cannot use the 

automatic positioning function of the digital map, this experiment extended the wayfinding 
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time limit to 15 minutes. Extending the limit time to twice gives participants ample time to 

think when finding their way, giving them a sense of time urgency and making them more 

active in the task. 

Figure 5.17. Recommended wayfinding time for Google Maps navigation after updating missing roads 

 

 

Participants could only judge and decide the route through the map prototype when finding 

their way, and their performance in the process was observed. In addition, Strava, which was 

used in Experiment II, was also used in this test to restore the participants' wayfinding 

routes. 
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5.3. Analysis and results 

5.3.1. Results of A/B testing 

A/B testing results can evaluate whether additional information has a positive impact on 

wayfinding efficiency and provide basic data for further development. Test data is shown by 

the time it took participants to complete the task. During the test, each participant was 

required to make decisions and complete specific wayfinding task based on the information 

given by the map. The routes they followed were drawn by themselves on paper map 

prototypes. 

Therefore, their decision-making and wayfinding behaviours are completed by their 

independent judgment based on map information and are not affected by any external 

pressure.  

In this test, there were eight people in each group, and a total of 16 participants took part in 

the experiment. Due to the limited wayfinding time, when participants were unable to reach 

the specified destination within 15 minutes, and the task would be determined to be 

incomplete. Participants’ completion status is shown in Table 5.5. When the map prototype 

didn’t include additional information, eight participants (Group A) were all unable to 

complete the task within the time limit. In contrast, all participants in Group B successfully 

found their destination within the time limit after using a modified map prototype that 

added extra information to find their way. The time spent by participants during the task was 

recorded. Table 5.6 shows the time each participant spent on the task. 

Table 5.5. Participants' performance on the task 

Participant Num 1 2 3 4 5 6 7 8 

Group A (Original map)         

Group B (Information added map)         

  Task completed 

  Task didn’t complete 
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Table 5.6. Participants' time spent on the task 

Group A 1 2 3 4 5 6 7 8 Average time 

Total time spent 15:00 15:00 15:00 15:00 15:00 15:00 15:00 15:00 N/A 

Moving time 14:57 14:32 14:55 15:00 14:40 15:00 14:19 14:58 14:47 

Not moving time 00:03 00:28 00:05 00:00 00:20 00:00 00:41 00:02 0:12 

Group B  

Total time spent 8:42 7:26 7:11 7:19 7:10 7:52 8:09 8:26 7:46 

Moving time 8:42 7:26 7:11 7:19 7:10 7:52 7:53 8:26 7:44 

Not moving time 00:00 00:00 00:00 00:00 00:00 00:00 00:16 00:00 0:02 

 

In terms of total time spent, since all participants in group A failed to find their destination 

when the time limit arrived, their average time does not have reference significance. A/B 

testing in this experiment can only evaluate which of the two map prototypes used is better 

in wayfinding efficiency, and cannot determine the reason why participants in Group A were 

all unable to complete the task through data. Therefore, the observations and interviews 

with participants from both groups during the experiment will be analysed later to evaluate 

in more detail the help of additional information on the campus digital map in wayfinding. 

On the other hand, participants in Group B all successfully reached their destination within 

the time limit, and the average time they took to complete the task is 7:46 min/s. When the 

map prototype included additional information, participants completed the task in much 

less time than the time limit, and the additional information clearly improved the map as a 

wayfinding aid. 

During the task, Strava was used to record the movement of the participants, and then 

obtained their moving time and not moving time (as shown in Table 5.6). Here, moving time 

refers to the time participant spends walking in the environment; not moving time is the 

stationary time, which records the time the participant spends stopping somewhere during 

the task (including confirming routes, thinking about walking directions, identifying maps 

and other behaviours other than wayfinding actions). Due to time constraints, participants 

often continued walking rather than stopping to think about how to complete the task. This 
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is also shown in Table 5.6. The average not moving time of the participants of Group A is 12 

seconds, while the average time of Group B is only 2 seconds. 

For Group A members who were not given additional information on the map, during the 

task, the limit time made the participants become more anxious in their wayfinding 

behaviour and spend as much time as possible exploring the environment. Therefore, out of 

eight participants, five of them had a not moving time below 5 seconds. Another three 

participants had a static time of more than 20 seconds, and the highest static time among 

them was 41 seconds. Among the participants in Group B, only one member remained 

stationary for 16 seconds during the wayfinding process, and the rest of the participants 

maintained wayfinding behaviour throughout the process until they reached the correct 

destination. This means that they correctly corresponded to the real environment and the 

information given by the map. Following the map information enabled them to accurately 

identify feasible and correct roads in complex environments. 

After the analysis of A/B testing, it can be concluded that under the same time limit, 

additional information on the map can help participants read and find the destination more 

effectively and quickly. 

 

5.3.2. Results of observation 

Participants were followed and observed throughout the task, and their wayfinding 

behaviour was recorded. During the wayfinding process, their stationary positions were 

observed and marked on the map corresponding to the real environment. Before the 

wayfinding task began, Participants knew that there was a time limit. They rarely stayed in 

one location for a long time, but walked around the campus as much as possible to find the 

destination. Figure 5.18 shows where participants paused whenever they encountered 

difficulties in wayfinding during the task. 

As shown in Figure 5.18, colours are used to show the stationary positions of different 

participants. Participants with no colourful dots behind the numbers didn’t stop their 
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walking once during the test. At the same time, the dots are numbered in Figure 5.18 so that 

the participants’ behaviour at each dot can be listed more clearly in Table 5.7. The problems 

participants encountered are also listed based on their behaviour when they paused their 

wayfinding during the test. 

Figure 5.18. Participants’ stationary positions during testing 
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Table 5.7. Participants’ behaviours and problems they faced during the test 

Participant 

Number 

Stop 

position 

number 

Participant behaviour Problems 

Group 

A 

1 1 Check if following the route drawn on the map. Map cannot correspond to the 

real environment. 

2 1 Consider whether to change direction. Map cannot correspond to the 

real environment (1). 

Difficult to match the 

environment with height 

differences to the map (2). 

Hard to find entrance (3-5). 

2 Consider whether to go downstairs. 

3 Find the target building but cannot see an 

accessible entrance, look around to see how to 

enter. 

4 Wander around the ground floor of Irene Manton 

Building looking for a passable entrance. 

5 Wander around the first floor to find the entrance. 

3 1 Try to correspond the route drawn on the map to 

the real environment. 

Map cannot correspond to the 

real environment (1).  

Hard to find entrance (2). 2 Wander around the first floor to find the entrance. 

5 1 Look around the square to find accessible routes. Map cannot correspond to the 

real environment (1, 3). 

Hard to find entrance (2). 

2 Wander around the ground floor looking for a 

passable entrance. 

3 Identify the shape on the map that represents the 

target building. 

7 1 Wander around the first floor to find the entrance. Map cannot correspond to the 

real environment (3). 

Hard to find entrance (1, 2, 4). 

2 Wander around the ground floor to find the 

entrance. 

3 Look at the shape of the building on the map to 

find the entrance. 

4 Wander around the second floor to find the 

entrance. 

8 1 Wander around the first floor to find the entrance. Hard to find entrance. 

Group 

B 

7 1 Look around the square to find accessible routes. Map cannot correspond to the 

real environment (1, 2). 2 Check if following the route drawn on the map. 

 

Summarising the difficulties participants encountered during the task, the frequency of 

different problems they faced can be listed as follows: 
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Map cannot correspond to the real environment: eight times.   

Hard to find entrance: nine times. 

Difficult to match the environment with height differences to the map: one time. 

Among them, the difficulty in finding the entrance/difficulty in matching the environment 

height difference with the map all occurred in Group A; regarding the perspective of the 

map's correspondence to the environment, Group B was obviously simpler than Group A: 

comparison of the number of times that the maps of Group A/B failed to correspond to the 

real environment is 6:2. 

By reclassifying participants' stationary positions according to the above three types of 

problems encountered, the positions where they faced difficulties can be obtained (Figure 

5.19). 

Among these three types of problems, the inability to find the entrance occurred mostly 

near the destination building. The other two problems occurred at different locations in the 

wayfinding process. Figure 5.20 provides the surroundings of locations that do not 

correspond to the map when wayfinding in a real environment. Among them, 5 and 6 

occurred in Group B (the additional information map group), and the rest occurred in Group 

A (the original map group). 
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Figure 5.19. Locations where the three wayfinding problems occurred. 
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Figure 5.20. Locations where map cannot correspond to the real environment. 

 

 

By analysing the environment of the above eight locations, it can be concluded that the 

situations where it is difficult for participants to correspond the real environment with the 

visual information of the map occur in the following locations: 

Open space (1, 4, 5, 8): When passing through a square or a large open space, it 

takes time to determine how to leave this space and where the accessible roads to 

other spaces are. 
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The accessible route is a passage (2, 3, 7): When the route needs to pass through the 

ground floor of a building or an underground passage, it takes time to consider the 

wayfinding direction. 

The accessible route is difficult to identify (6): When the accessible route is not a 

common outdoor road, but a link between buildings or corridor, it takes time to 

confirm whether it is on the route. 

In open spaces, because people's perspective cannot quickly capture the direction of the 

next walkable route (such as the intersection where point 1 is located, the square where 4 

and 5 are located, and the large open space where 8 is located in Figure 5.20), they need to 

spend some time to confirm the walkable path. With the use of digital maps and route 

navigation, people can improve this problem by following the routes generated by the map. 

When the accessible route is a passage (such as passages on the ground floor of buildings in 

2 and 3, and underground stairs in 7, Figure 5.20), accurately displaying such routes on a 

map can help users more easily realise that they are accessible and find the right route. This 

contrasts with the performance of the participants in Group B. When the pathways on the 

map were represented, shown on the map in a light red colour different from the outdoor 

road (Figure 5.21), none of the participants in Group B had to stop to look for the road 

during route finding. 

Figure 5.21. An example of passages in information-added map prototype 
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When roads are difficult to identify, such as the unusual roads in 6 (Figure 5.20), clearly 

displaying the roads on the map to help users easily and quickly correspond to them in the 

real environment can improve this problem. In the experiment, all eight members of Group 

B were provided with maps with unusual roads added. Seven of them correctly understood 

the road information on the map and quickly identified the road in the real environment 

during wayfinding. One participant hesitated during wayfinding and identified the route 

after thinking. This may be because the additional information on the map prototype uses 

the same visual expression as a passage for unusual roads (Figure 5.22), which caused the 

participant to misunderstand that reaching the destination requires crossing from the 

ground floor of the building. This shows that the classification and design of visual 

expression of unusual roads is a direction worthy of research. 

Figure 5.22. An example of unusual roads on information-added map prototype. 

 

 

For situations where building entrances are difficult to find, the nine locations where this 

occurred all near the destination building. Those who encountered this difficulty were all 

Group A participants. Due to the complex environment and architectural shape of the 
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destination building, participants in Group A spent a lot of time finding ways to enter the 

building after arriving. When the building entrance was not given on the map prototype, 

participants had to find it through other ways, such as walking around the building to find 

doors, finding entrances through other wayfinding systems such as signs, map boards, etc. 

When time is limited, this forced them to spend a lot of time wandering around the 

destination. Figure 5.23 shows the movement trajectories of participants in two groups. The 

routes they took during the task were recorded by Strava, with red and blue dots indicating 

the start and end points respectively. Because participants in Group A did not complete the 

task within the specified time, their end positions were different. They all reached the 

destination building correctly through the map prototype information, but failed because 

they could not find the entrance required by the task. 

Figure 5.23. Participants’ route tracking maps of two groups 
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For the participants in Group B, all of them accurately determined the location of the 

entrance through added information on the prototype and successfully completed the task 

within the time limit. Accurately marking entrances on the map has a clear positive impact 

on the efficiency of wayfinding tasks. At the same time, as shown in Figure 5.22, the visual 

representation of the road leading to the entrance can assist participants in planning the 

correct route to the entrance. 

As for the problem of not being able to correspond the height difference in the real 

environment with the map, a participant of Group A was confused when encountering a 

passage with stairs and was not sure whether it was a feasible route. This didn’t happen in 

Group B, probably because the height difference was represented on the map prototype. 

 

5.3.3. Results of interview 

The map prototypes were evaluated using A/B testing methodology to more intuitively 

display the completion of the two map prototypes in the task. At the same time, observation 

was used in each test to obtain the different wayfinding performances of the participants, 

and the problems encountered by the participants in using prototypes can be summarised, 

thereby obtaining the shortcomings of the two prototypes. The participants' subjective 

opinions about the map prototype used were also helpful in the evaluation, so they were 

interviewed after the test was completed. 

Interview questions were designed to focus the scope of information obtained. The purpose 

of the interview was to gain personal perspectives on the reasons for success or failure in 

completing the task, as well as the readability and wayfinding assistance of the map 

prototype information. Based on these purposes, the following questions were designed: 

Q1. Are there any parts of the map information that are difficult to read or 

understand? If these parts exist, please elaborate. 

Q2. Can you successfully correspond the information on the map to the real 

environment during the task? If there is a situation that cannot be corresponded, 
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where does it happen? 

Afterwards, different questions would be asked depending on the participant’s completion 

of the task: 

A. Participants successfully completed the task: 

Q3. Is the information on the map helpful in completing the task? What information 

improves the efficiency and accuracy of wayfinding? 

B. Participants failed to complete the task: 

Q4. What are the reasons for failure to complete the task? 

Q5. Is there any information on the map that causes wayfinding to fail? 

Q6. What necessary information is missing on the map to assist in wayfinding? 

After collating the participants' answers, the answers were restated in Table 5.8 using 

keywords. 

Table 5.8. Collection of participants’ answers of the interview 

Participant Q1 Q2 Q3 Q4 Q5 Q6 

Group 

A 

1 No Passages - Entrance 

Height differences 

No Entrance 

2 No Height differences Entrance No Entrance 

Stairs 

3 No Passages 

Height differences 

Entrance 

Height differences 

No Entrance 

Different floors 

4 No Complex building Entrance No Entrance 

Different floors 

5 No Open space 

Complex building 

Entrance 

Height differences 

No Entrance 

6 No Hight differences Entrance 

Hight differences 

No Entrance 

Stairs 

7 No Complex building Entrance 

Complex 

No Entrance 

Different floors 

8 No Complex building 

 

Entrance No Entrance 



194 
 

 

Participant Q1 Q2 Q3 Q4 Q5 Q6 

Group 

B 

1 No No Entrance 

Unusual road 

- 

2 No No Entrance 

3 No No Entrance 

4 No No Entrance 

Unusual road 

5 No No Entrance 

Unusual road 

6 No No Entrance 

7 No Passages Entrance 

Unusual road 

8 No No Entrance 

 

The analysis of the interview is divided into two points: basic information and additional 

information of the map prototype. 

BASIC INFORMATION 

1. Legibility: 

For Question 1, all participants had no problems reading the map. This shows that the map 

prototype clearly gives basic information to readers and is easy to understand. 

2. Correspondence to reality:  

When users of the map prototype encounterd complex environments, the basic information 

couldn’t enable them to successfully locate themselves and correspond the map information 

to the reality. This situation occurred when: 

a. When they met passages, three participants were unable to compare the map with 

the real environment; 

b. One participant believed that the map information did not match the real 

environment when met an open space; 

c. When there were altitude changes in wayfinding, three participants were unable to 
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get help from basic information on the map prototype; 

d. When there were complex buildings, four participants believed that basic 

information cannot satisfy the expression of environmental information. 

3. Missing information:  

When the participants used a prototype map that only provided basic information, all of 

them (eight people in total) were unable to complete the task because they could not find 

the entrance to the building. Four people also believed that the height difference in the 

environment hindered the completion of the task, and one person believed that the 

complex environment caused difficulty in finding the way. Regarding these issues, all of them 

agreed that the map information lacked the display of building entrances. Two people 

thought the stairs should be represented on the map, and three people thought the 

different floor layouts should be shown on the map. 

ADDITIONAL INFORMATION 

1. Legibility:  

Group B participants were provided with a prototype map with additional information. They 

all found the information understandable. 

2. Evaluation of the additional information:  

After successfully completing the task, the eight participants who used the additional 

information map prototype believed that showing the building entrance on the map was a 

necessary condition for success. Four of them said that the unusual paths shown on the map 

- roads that pass through buildings - also helped in planning the route and completing the 

task successfully. 

From the perspectives gained through interviews, the following results can be drawn: 

1. The map prototype designed based on the standard map mode of Google Maps is 

easy to understand and allows users to understand the map information; 

2. When the destination is within a specific building, displaying the building entrance on 
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the map can improve wayfinding efficiency and save time; 

3. For complex buildings, users can be assisted in finding their way by displaying rarely 

used roads on the map, such as accessible passages, corridors, etc.; 

4. When there is a height difference, showing the signs of stairs or the different layouts 

of different height planes on the map can help users locate themselves more easily. 

 

5.4. Conclusion 

This research added map information that is helpful for wayfinding (building entrances, 

height differences, unusual roads, and landmarks) obtained in the previous chapters into the 

map design and tested it. The research was divided into four steps: 

1. Designed the map prototype; 

2. Used the prototype for user testing and collected quantitative data (route planning 

and accuracy) and qualitative data (interviews) to obtain the design deficiencies and 

possible improvements of the prototype; 

3. Designed the second-generation prototype based on the conclusions obtained from 

the user test of the original map prototype and map design principles obtained from 

previews chapters. 

4. Conducted A/B testing and interviews on the performance of two sets of map 

prototypes (with and without additional information) and collected quantitative data 

(wayfinding time and accuracy) and qualitative data (observations and interviews) to 

evaluate the wayfinding efficiency and layout design of the two prototypes, and thus 

the test results were explained in more detail, and more valuable detailed 

improvements were provided for the design of the campus digital map. 

Building entrances were shown as a decisive factor in successfully reaching the destination 

and were considered the most effective additional information to campus digital maps. 

When the location of entering a building was not provided on the map, even if the target 

building was successfully found by relying on map information, the user must wander 
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around to find a way to enter. When users cannot identify the location of a destination 

entrance on a map, they tend to recognise the destination's marker as the wayfinding end 

point. This is consistent with the results observed in Experiment II. At the same time, in 

reviews of related research, icons, as a component of visual information in wayfinding 

systems, have been shown by many studies to be used to identify destinations and 

directions (Miller and Lewis, 1999; Gibson, 2009; Süzer, 2018). Giuliani's (2001) research 

mentioned the pentagram as a positioning icon to indicate "you are here." Icons and 

pictograms are a useful way to locate on maps. Based on the support of relevant theoretical 

research and the wayfinding behaviour of participants observed in Experiment II, the visual 

presentation of building entrances (and environmental height differences) was initially 

decided to be in icon mode. However, user feedback and experimental results reflected that 

icons cause difficulty in understanding, especially in the spatial positioning of icons. 

Combining the entrance sign with the shape of the building (represented by a different 

coloured line outside the shape in this experiment design) takes full advantage of the shape 

of the building on the map without taking up more space. This method highlights the spatial 

orientation of the entrance on the map shape and helps users understand the spatial 

relationship between the entrance and the building. 

The marking of unusual roads could significantly improve the efficiency of wayfinding. 

Research showed that sufficient and comprehensive roads reduced users’ wayfinding time. 

Based on this, when designing a campus digital map, it is recommended to mark accessible 

roads (including ground floor passages, corridors connecting buildings, underground 

passages, etc.); when the environment is too complex and the roads overlap, the map can 

be based on different planes (floors) for layout design. Using visual information to represent 

height changes on the map can effectively assist users in locating themselves, but the 

experimental results showed that layering different heights (in units of floors) can reduce 

the information density of the entire map, which is very suitable for complex situations with 

different floors. Therefore, it is important to evaluate the design of digital campus maps 

based on user testing and feedback, otherwise it may lead to difficulties in using the map. 
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Additionally, research shows that displaying landmarks on maps has the potential to impact 

user route planning. Such visual information may be considered representative of campus 

character and culture, and there is much support for the discussion of displaying landmarks 

on maps in previous related research (see Section 2.3.2.3 for detailed discussion). The 

results of this research are consistent with some research: when participants plotted a 

route, there was a chance that they would change the route because they recognised 

landmarks. This is because the presence of landmarks is often unique and memorable, 

highlighting their characteristics and presenting them on the map, increasing the clarity of 

the environment (Lynch, 1960). Even if they are not destinations, participants will still pay 

attention to landmark icons when finding routes and even change their decisions because of 

their presence (Kim et al., 2011). However, there was no evidence in this research to support 

that it would help with wayfinding efficiency. This result highlights the importance of 

"functionality" in campus digital map design. Users pay more attention to the composition of 

the route and where the destination is positioned on the map; this is why entrances and 

unusual roads can improve wayfinding efficiency. This shows that when designing campus 

digital maps, the efficiency of the map should be considered first rather than aesthetics. 

Simplified building entrances, detailed and clear routes and layouts with varying heights 

always need to be considered first. 

Overall, this research evaluated the addition of information to a campus digital map, used 

map design knowledge to design and refined a map prototype based on user needs, and 

tested it. As a result, the clean lines of the building entrance are highlighted as the most 

important and effective additional information. In the research, by observing user 

wayfinding behaviour and conducting interviews, a more in-depth discussion was conducted 

on the layout of map information, which provided new visual information improvements for 

the design of campus digital maps.  

Regarding the contribution of the entire thesis, the case analysis of this research is a campus 

digital map, but as the research progresses, the results of this research are not only 

applicable to campus digital map design: 
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In the literature review in Chapter 2, the lack of research on wayfinding in academic settings 

was discussed: there is a lack of research on map information design for outdoor 

environments in academic settings. Whether it is worthwhile to conduct this research was 

verified in Chapter 3, which analysed the use of digital maps on campuses of existing 

academic institutions in the UK and conducted a questionnaire survey of campus users. 

While most academic institutions rely on externally linked maps to perform campus 

wayfinding, user research revealed campus users' needs for campus digital maps and 

campus wayfinding issues. Thus, in Chapter 4, Google Maps was used as a tool (the reason 

for using it is detailed in Section 4.1) for user testing. The test results reflected the 

limitations of using Google Maps in an academic environment, so a discussion on improving 

the visual information of digital maps was initiated, which was designed, evaluated, and 

iterated in this chapter. This research is always advanced from a user-centred perspective, 

allowing the research discussion to focus on addressing user needs. Taking an academic 

environment as the research object, user needs focus on the problems encountered in 

wayfinding in this complex environment - therefore, the results of this research are 

applicable to map design for complex environments similar to this type of environment. 

In order to present the results of this research and unify the findings of the previous 

chapters, the next chapter develops design principles applicable to digital maps of campuses 

and maps focused on complex environments similar to academic settings. It incorporates the 

theories of other researchers and the results of this research and may bring convenience 

and reference to digital map designers and wayfinding system designers. 
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6. Design principles for campus digital maps 

This chapter constructs design principles for campus digital maps based on the results of this 

thesis and other related research. In previous chapters of this thesis, existing relevant 

research was first reviewed, including related discussions of wayfinding behaviour and 

wayfinding system design principles, research on design principles of maps and digital maps 

and how users use maps, and focused on research on wayfinding behaviours and wayfinding 

systems in academic environments (see Chapter 2 for details). These theoretical and 

practical research provide theoretical support for the content of this thesis. Then, in Chapter 

3, whether current design methods and information follow the design principles 

summarised in Chapter 2 was discussed, and users began to be included in the focus of this 

research. Considering the performance and feedback of user participation in Chapters 3 and 

4, problems and possible map information design solutions were arranged, and feasible 

solutions to information design were designed and evaluated in Chapter 5 to obtain new 

improvements. 

This thesis emphasises the importance of users in survey questions, practical testing, and 

design feedback. With this as the focus of the entire research, the campus digital map design 

principles summarised in this chapter are discussed and classified from a user-centred 

direction. Following the user needs, wayfinding issues and current design method limitations 

obtained in the previous chapters, the principles that need to be followed in the design of 

campus digital maps are proposed. Design principles are divided into two categories: 

information needs and practical needs. The subdivided design principles are derived from 

recognised relevant research and the conclusions of this thesis. 

 

6.1. Information needs 

6.1.1. Typography exists to convey information 

Text conveys the majority of the information content used in wayfinding systems (Calori et 
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al., 2015, p.127). Even though image elements are often recognised before text, it requires 

text to explain information. The design principles of typography are listed from four aspects: 

text content, font style, appearance and structure: 

1. Text content: 

a. In map design, textual information is used to clearly define elements of the 

physical environment (buildings, roads, bridges, etc.) (Apelt et al., 2007; Gibson, 

2009). 

2. Font style: 

a. Text information in the same format should be used; 

b. Typeface should be Sans Serif when a contemporary look is desired (Calori et al., 

2015, p.131); 

c. Fonts such as Arial, MS Sans Serif, Tahoma, Futura, Geneva and Helvetica 

Medium make it easier for people to read. (Apelt et al., 2007, p.10; Gibson, 

2009);   

d. Fonts with descriptive functions should be unified (Gibson, 2009). 

3. Appearance: 

a. For emphasised information, bold, capital letters, and larger font sizes can be 

adopted (Bringhurst, 2002); 

b. Font size, type, and layout should be legible and easy to understand. The size and 

spacing between letters and words should be proportional to the amount of 

information provided, uppercase and lowercase letters are easier to read than all 

uppercase letters (Apelt et al., 2007; Gibson, 2009; Roefs and Mijksenar, 2017). 

4. Structure: 

a. The text and layout of the map should be proportional and neat, and avoid using 

letter codes and number codes. (Apelt et al., 2007, p.5); 
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b. The information on the map should be balanced and orderly (Tyner, 2014); 

c. Should avoid excessive text information; 

d. The display of map information should consider more the relationship between 

shapes, paths, and spaces. 

 

6.1.2. Image for quick processed information 

Images are easier to recognise than text for quick processed information (Lomperski, 1997; 

Apelt et al., 2007; Xie et al., 2012; Hashim et al., 2014; Süzer, 2018; Wang et al., 2018). Using 

images such as icons, arrows, and pictograms on maps can assist users in identifying 

destinations and directions rather than spending time reading text (Miller and Lewis, 1999; 

Süzer, 2018). The design principles for images suitable for campus digital maps are as 

follows: 

1. Different cultural and educational backgrounds lead to different understandings of 

images, and it is necessary to consider the legibility of images among different groups of 

people (Hashim et al., 2014), or to assist in explaining the function of images to ensure 

that users fully understand the usefulness of images when reading maps; 

2. Using recognisable landmarks on digital maps (Siegel and White, 1975; Çubukçu and 

Nasar, 2005; Davidson, 2014); 

3. The position and form of the image need to consider its spatial position in the 

geographical environment to avoid positioning errors. 

 

6.1.3. Colour to distinguish map visual information 

Maps use visuals to illustrate the relationship between geographical reality and space 

(Papadias and Theodoridis, 1997). The use of colour as an additional navigation tool is 

considered beneficial for information recognition when users construct environmental mind 
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maps through maps (Dalke et al., 2006). The design principles about colour are divided into 

colour selection and colour contrast: 

1. Colour selection: 

a. The colours used in the colour settings should not be too many (NHS Estates, 

2005; Feisner, 2006); 

b. Use colour coding can convey information (Abu-Obeid, 1998; Calori et al., 2015): 

Colours that match the real environment (green for lawns, blue for rivers, etc.) 

should be used to base the visual information in reality;  

c. Focus on the three properties of colour (hue, intensity and value) to enrich colour 

composition and create contrast (Gibson, 2009); 

d. When choosing colours, consider whether different cultures will bring different 

interpretations of the meaning of colours (Park and Guerin, 2002; Hashim et al, 

2014; Calori et al., 2015); 

2. Colour contrast: 

a. Visual information (background, letters, graphics) should have colour contrast 

and brightness differences (Lomperski, 1997; NHS Estates, 2005; Apelt et al., 

2007; Gibson, 2009; Sandnes, 2017; Süzer, 2018; Roefs and Mijksenar, 2017); 

b. Colour of map background and the road need to has contrast; 

c. Different colours should be used to increase the colour diversity of the map and 

the distinction between building groups: 

i. Two-hues differentiation can use minimal colours to make connected 

buildings not difficult to distinguish;   

ii. Colour sequence changes (brightness and saturation change in sequence) 

makes colours of different information change without causing reading 

difficulties due to too many colours; 
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iii. Hue changes adds colour richness and show differentiate areas in the 

environment. 

6.1.4. Spatial information corresponds to geographic environment 

People's ability to generate and improve cognitive maps of the physical environment during 

wayfinding is closely related to people's ability to orient themselves in space (Passini, 1992). 

Insufficient spatial orientation affects wayfinding abilities, causing cognitive confusion and 

making it difficult for users to construct mental maps (Kitchin, 1997). In this case, improving 

the legibility (layout and complexity) and spatial recognisability (how helpful the 

environment is to the user) of the environment can give people a better sense of orientation 

(Canter, 1974; Güneş, 2018). The design principles of spatial information are also developed 

from these two aspects: 

1. Environment legibility: 

a. Use only important and memorable elements when choosing the information 

displayed (Apelt et al., 2007, p.4); 

b. Users should be allowed to identify building entrances on a map; 

c. Maps should ensure that users can identify all accessible roads, including 

uncommon roads, such as passages, corridors, etc. to improve environmental 

recognition; 

d. Where there are height differences in complex environments, maps can show 

signs of stairs or different layouts of planes at different heights to enhance the 

legibility of the environment; 

e. Lines to represent roads: 

i. Change the thickness of lines to indicate the width of roads;   

ii. Change the form of lines (dotted/solid lines, transparency) or colour of 

lines to represent different functions (sidewalks, driveways, paths through 

buildings, underpass, etc.);   
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iii. Arrows can be added to lines representing lanes to indicate the direction 

of a one-way street;   

iv. Lines can be used to divide areas within the city. 

f. Shapes to correspond to environmental visual elements: 

i. Use different shapes to represent the landscape with volume in the real 

environment (such as buildings/lawns/rivers and lakes);   

ii. Connected building groups should be represented separately. 

2. Environment spatial recognisability: 

a. The organisational elements of spatial information, including paths, landmarks 

and areas, should be displayed on the map (Apelt et al., 2007, p.4); 

b. The complexity of landmarks and views should be reduced, and key nodes should 

be kept in key positions (Wang et al., 2018); 

c. Recognisable landmarks should be used on digital maps (Siegel and White, 1975; 

Çubukçu and Nasar, 2005; Davidson, 2014); 

d. While avoiding increasing the complexity of map information, it should ensure 

that users can easily and quickly correspond to the real environment through the 

map.  

 

6.2. Practical needs 

6.2.1. Positioning and navigating 

Wayfinding is a process of orienting through mind mapping (Lynch, 1960). People become 

confused when they are lost or unable to orient themselves (Stanney, 1999; Scott-Webber et 

al., 2000). The positioning and navigation functions of maps are the most important factors 

in practical requirements. The positioning and navigation design principles are as follows: 
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1. Need to help users orient themselves (Canter, 1974; Passini, 1992; Kitchin, 1997; Güneş, 

2018); 

2. Self-centred view should be taken (Thomas, 2008); 

3. Users should be allowed to locate themselves at any time; 

4. Navigation destinations should meet user needs, not just reaching destination markers. 

For example, if the destination is a building, navigate to the accessible entrance of the 

destination. 

 

6.2.2. Personalisation of digital maps 

Due to screen size and interactive features, digital maps can be "more personalised" than 

paper maps (Davidson, 2014): the scale of digital maps is no longer fixed; compared to paper 

maps, users can customise the information by interacting with the screen. Design principles 

for map personalisation are as followed: 

1. Screen size: 

a. Users should be allowed to freely choose the appropriate map scale (Davidson, 

2014);   

b. The detailed level of information changes accordingly with the change of the map 

scale; as the scale of the map shrinks, the level of detail of the information should 

decrease (Töpferand and Pilewizer, 1966). 

2. Interactive features: 

a. Allows a variety of map modes (appearances) to be selected, making it easier for 

users to use multiple methods (simplified mode, satellite mode, etc.) to 

correspond to the environment when they are lost; 

b. Allow users to directly operate the map to view information on the map;   

c. Can display information about buildings and landmarks and interact with them to 
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enhance the attractiveness of the map (Kim, 2011); 

d. Menu should have hierarchy to avoid too much information at the same level. 
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7. Discussion 

This chapter summarises the research’s aims, its main findings and highlights the 

methodological and practical contribution to knowledge. Finally, potential limitations of the 

research and future research are discussed. 

 

7.1. Overview of the research 

This thesis aims to use user-centred design methods to improve the information design of 

campus digital maps and construct information design principles suitable for campus digital 

maps. Besides, it provides valuable suggestions to information design researchers and 

designers who focus on campus digital maps and similar complex environmental maps. The 

research focuses on the impact of the visual information of campus digital maps, including 

map appearance, colour, and map information communication on wayfinding efficiency. In 

addition, the research also investigates the information legibility of digital maps from the 

perspective of user needs, and proposes effective design suggestions to strengthen the 

connection between the information presented on campus digital maps and the real 

environment, so that they can help users more conveniently build a cognitive map when 

using a wayfinding design to navigate their environment. 

As discussed in Chapters 1 and 2, since people need to construct correct cognitive maps to 

cope with confusion and fear of getting lost (Lynch, 1960), digital maps need to improve 

their legibility to help people navigate their environment (Baker, 1986; Liu, 1991; Yoo, 1992; 

Abu-Ghazzeh, 1996). The International Cartographic Association (2003) defines a map as a 

symbolic image of geographical reality. On this basis, digital maps become more dynamic 

and interactive than traditional paper maps (Winter and Tomko, 2004). In order to improve 

the legibility of campus digital map design, the research applied user-centred design 

principles, and conducted tests exploring existing map design and map symbol visual design. 

In Section 2.3.1, wayfinding behaviour in an academic environment was investigated. 

Currently, there is still a lack of existing research on campus digital map design focusing on 
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map legibility, and there is no current research on behavioural testing of users using campus 

digital maps to perform wayfinding tasks. Moreover, Section 3.2 investigated the use of 

campus digital maps by universities in the UK and found a lack of self-designed campus 

digital maps. To fill this gap, this research investigated, tested, improved, and evaluated 

campus digital maps following user-centred principles and explored how information design 

knowledge can help improve map design. Following the research, information design 

principles were created based on existing research (focusing on wayfinding design principles, 

map design principles, and visual design in digital maps) and research findings from this 

thesis. 

 

7.1.1. Research stages and objectives 

As proposed in Chapter 1, this thesis achieves the research objectives and completes the 

entire research through five stages.  

The first stage in research is theoretical support. Two objectives were accomplished in this 

session, namely, to find out the design factors that influence the design of campus digital 

map information, and to understand the relevant theories of wayfinding behaviour in 

academic environments and the characteristics of campus wayfinding: 

In Chapter 2, the relevant literature on wayfinding behaviour and map design was reviewed. 

At this stage, preliminary information design principles for wayfinding systems and digital 

maps were constructed, against which the legibility of digital maps could be assessed. This 

stage helps to build a preliminary knowledge framework for the entire thesis. By reviewing 

relevant research on human wayfinding behaviour (including cognitive maps, environmental 

familiarity, user experience of wayfinding systems, etc.), the researcher had a preliminary 

understanding of how humans find their way in the environment and the influencing factors; 

the discussion on the theories of wayfinding systems and map design constructed 

information design principles and confirmed the design factors that affect the information 

design of campus digital maps; in addition, the analysis of existing research related to 
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campus digital map design confirmed the shortcomings of existing research in information 

design, and explored other researchers' research on related issues such as wayfinding 

behaviour and getting lost in academic environments, thus laying a theoretical foundation 

for campus wayfinding behaviour and problems. 

The conclusions obtained in Chapter 2 were applied to the visual survey of campus digital 

maps (Study II) to investigate the visual design limitations of existing digital maps that may 

affect user reading efficiency, and combined with the analysis of Study I (Section 3.2) to 

achieve the second stage: Research on existing deficiencies. 

The research objectives of the second stage were achieved through two studies: 

investigating campus digital maps usage of existing academic institutions in the UK (Section 

3.2) and identifying the design constraints that affect the readability of campus digital maps 

(Section 3.3). 

Through the investigation and analysis of existing academic institutions, their shortcomings 

were found: the extensive use of external digital maps as route navigation tools greatly 

reduced the usability of campus digital maps. In order to confirm the design constraints of 

visual elements and interactive functions, representative campus digital map cases were 

selected in Study II (Section 3.3) and: 

1. Investigated how key elements of selected maps “symbolise geographical reality” and 

observe the different expressions of key elements (lines, shape, and colour). 

2. Evaluated the legibility of existing maps in terms of visual design and functionality, 

and identified limitations that affect user efficiency (crowded layout, confusing 

colour system, imperfect wayfinding, etc.). 

3. Analysed the limitations of existing maps and combined the design framework 

obtained from literature research, and help improve the details and persuasiveness 

of the final design principles. 

The results of the second stage identified the use of existing digital campus maps of UK 

academic institutions and identified the design constraints (in terms of visual elements and 
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interactive features) that affect the legibility of campus digital maps. After identifying the 

existing shortcomings, user opinions were taken into account in the research core. 

In the third stage of this thesis, the research objectives were achieved through a series of 

participatory case studies: the opinions of users of the campus environment on the legibility 

of digital maps were investigated, and limitations and solutions of map information design 

were identified. Experiment I (Section 3.4) and Experiment II (Chapter 4) help complete this 

process: 

1. Used online questionnaire survey to understand users’ behaviour and performance 

when looking for information or locations on campus, and investigate their 

understanding and use of campus digital maps. Through the survey, users’ basic 

needs for digital maps were established, and the environments and situations where 

it was easy to get lost on campus was collected. 

2. Conducted user testing, observed the environmental elements and their 

performance observed when participants were looking for paths on campus, and 

identified environments where it is easy to get lost. 

3. During user testing, also evaluated the effectiveness of existing digital maps in the 

complex campus environment and identified their accuracy and limitations in terms 

of legibility and geographic positioning. 

Based on the wayfinding problems in academic environments obtained in Experiment I, 

Experiment II observed the limitations of users' wayfinding when using existing digital maps 

when completing wayfinding tasks (Section 2.3.1.2) and obtained possible feasible solutions, 

thus providing a reference for design methods aimed at improving map readability and 

usage efficiency. 

The conclusions obtained were applied in the fourth stage, designing solutions and 

evaluating them. In Experiment III (Chapter 5), the researcher designed the map information 

for the solution built in the third stage, created, evaluated, and iterated the map prototype, 

aiming to obtain scientific and comprehensive solution content, enrich the design principles 
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of campus digital maps and make them more convincing. Through user testing of the map 

prototype to evaluate its readability and efficiency of use, the research results obtained are 

as follows: 

1. When planning a route on the map, the building entrance is considered a decisive 

factor in successfully reaching the destination. Additionally, entrance signs show 

better reading efficiency when integrated with the shape of the building (without 

disrupting the shape). 

2. Sufficient and complete roads can reduce users’ wayfinding time, and unusual roads 

(ground floor passages, corridors connecting buildings, underground passages, etc.) 

should be indicated, through visualisation, on the map. 

3. Using visual information to represent height changes on the map can effectively 

assist users in self-positioning. 

4. Some visually enhanced and recognisable visual information (such as landmarks) will 

enhance the environmental recognition of campus users and help users position 

themselves in the environment, thereby changing the user's route planning. 

However, they were not found to improve wayfinding efficiency in this experiment. 

Finally, campus digital map information design principles including information needs and 

practical needs were established. This addressed the fifth stage, which was to establish 

campus digital map design principles based on literature research and experimental results. 

 

7.2. Major findings of the research and contributions to knowledge 

This research investigated legibility and developable design directions for campus digital 

map information design. This section discusses the main findings of the thesis, how to 

improve and enhance existing design principles, and related contributions to knowledge. 

The core research was conducted in five chapters, which addressed the research questions 

raised in Chapter 1 in the order of understanding knowledge, identifying problems, and 
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testing solutions, and gradually discussed the following: 

CHAPTER 2: Theories and design principles that may contribute to the design of campus 

digital maps. 

CHAPTER 3: The usage status of campus digital maps in universities in the UK; performance 

comparison of five different campus digital maps through visual survey; problems 

encountered by university users in campus wayfinding and usage of digital maps through 

questionnaire investigation. 

CHAPTER 4: Testing of the actual use of digital maps in campus environments. The test 

results would help guide the improvement of campus digital map design. 

CHAPTER 5: Practical design solutions and testing to improve the effectiveness of digital 

campus maps. 

CHAPTER 6: Principles for campus digital map information design. 

The following sections discuss in detail the main findings of the research and reflect on how 

these findings contribute to possible future research. 

 

7.2.1. Use design theories and principles to evaluate the legibility of digital 

campus maps 

This research analyses and evaluates campus digital maps within the framework of 

wayfinding behaviour and map design principles. Existing research on wayfinding in 

academic environments is currently limited, and the known studies include exploration of 

wayfinding behaviour and wayfinding systems. In terms of wayfinding behaviour, existing 

research discusses potential problems that may be encountered in campus wayfinding, such 

as user behaviour when the wayfinding system cannot be used (Bishop, 2011), and the 

negative emotions that users may have when they get lost (Passini, 1992; Yoo, 1992; Darken 

and Peterson, 2002), the pressure of wayfinding within a limited time in an academic 

environment (Xie et al., 2012), and the impact that users’ familiarity with the environment 
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may have on wayfinding efficiency (Garling and Evans, 1992; Kanakri et al., 2016). In the two 

experiments (Experiment II, Experiment III) that included user testing in this research, 

participant recruitment as well as task content were regulated according to the theory of 

wayfinding behaviour: 

1. For participant recruitment, in order to avoid factors that potentially affect the 

results: the participants recruited in the experiment were not familiar with the 

experimental area, so there was no possibility that the cognitive map formed in 

memory would affect the wayfinding efficiency (NHS Estates, 2005). They could only 

use the experimental map instead of seeking help from other wayfinding systems; 

based on the different purposes of the experiment, Experiment II did not limit the 

wayfinding time to observe more participants’ wayfinding behaviours and problems 

encountered in the academic environment, while the user test in Experiment III put 

participants in a scenario where they needed to find the destination within a limited 

time (Xie et al., 2012), and focused more on the correspondence between map 

information and the environment. 

2. Regarding the design of task content, the researcher applied the three wayfinding 

tasks summarised by Allen (1999), commute, explore and quest, into the experiment 

(Section 2.3.1.2). Dividing wayfinding behaviour into three categories according to 

purpose not only showed differences, but also clearly reflected the efficiency of users 

in finding paths and using maps for different purposes, and provided detailed and 

clearly differentiated contents for the analysis of observation data. More detailed 

discussions are provided in Section 7.2.2, Section 7.2.3 and Section 7.2.5. 

Research on wayfinding systems focuses on indoor wayfinding, such as library wayfinding 

system research (Barclay, 2012; Li and Klippel, 2012; Mandel, 2013). Current research on 

outdoor wayfinding systems focusing on academic environments is limited. This research 

helps to address this gap. First, the use of campus digital maps by UK academic institutions 

was explored (Section 3.2) to understand whether there were independently designed 

campus digital maps and how they were used. The survey showed the lack of independently 
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designed campus digital maps, supplemented by the user needs for campus digital maps in 

the questionnaire investigation (Section 3.4, more details are further discussed in Section 

7.2.5), to emphasise that this research has research prospects and serves as a reference for 

future related research. The research divides the campus digital map design into two main 

parts: map visual element design, interaction and operation. This classification expands the 

definition of maps as the extraction and visual presentation of geographical reality 

information (Papadias and Theodoridis, 1997; Buisseret, 1992; Cartwright, 2014; Sadahiro et 

al., 2015; Katarzyna, 2018), and adds the importance of user experience in design. This is 

consistent with Lynch's (1960) user-centred wayfinding design theory. This classification 

facilitates an objective and comprehensive assessment of the legibility of campus digital 

maps from the perspective of visual presentation and functional information design. 

This research selected and evaluated existing campus digital maps in UK academic 

institutions as examples to supplement knowledge in the field of campus digital maps. The 

maps analysed are all campus digital maps with characteristics and different ways of visual 

presentation. Based on Tyner's (2014) requirements for key visual elements of maps, the 

design of map visual elements was discussed from three aspects: lines, shapes and colours 

(Section 3.3.3.1). After classifying map elements and discussing them, the research 

intuitively demonstrated their different visual presentation forms, especially highlighting the 

comparison and judgment of the design effectiveness of individual elements. At the same 

time, through the visual survey of lines, shapes and colours, the correlations between them 

were also clearly shown, providing references for the establishment of information design 

principles. For interaction and operation, the research divided the design quality of maps 

into three aspects: spatial information, text and layout, and scale according to the 

framework of digital map design principles (Section 2.4) and evaluated them (Section 

3.3.3.2). The design principles that the maps "followed" and "not followed" were presented 

as a heat map to intuitively show their application of the design principles. Through the 

comparison of design theories and principles, the visual survey results classified and added 

map design guidelines in more detail, which helped to make comparisons during map design 

and avoided drawing conclusions that might affect legibility and efficiency of use. 
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In general, the review of relevant research in this thesis provides theoretical guidance for the 

entire research process, making the research process and results more convincing. When 

conducting the literature review, this thesis did not just focus on the relevant theories and 

research on campus digital maps, but went back to the source and started the discussion 

from the concept of "wayfinding": understood the relevant theories of wayfinding systems, 

then delved into the knowledge of map design, and finally focused on research related to 

wayfinding in academic environments. In each phase of the literature review, the application 

of relevant research in design and user aspects was discussed from the perspectives of 

information design and user experience. This provides this thesis with valuable theoretical 

support in the verification and refinement of design principles, as well as in the design of 

case studies with user participation. At the same time, the content of the review brings a 

unique contribution to knowledge: it integrated and analysed relevant research in detail, 

helping other researchers to benefit from it, providing them with theoretically supported 

references and advice when conducting research on wayfinding system design or map 

design - from both design theory and user experience perspectives. The application of the 

review conclusions in this thesis (as introduced in this section) can also provide researchers 

with valuable suggestions. 

 

7.2.2. Find the limitations of digital maps in complex academic environments 

and explore additional information to enhance map visual information design 

Research shows that successfully locating oneself can quickly find surrounding geographical 

information when using a map to find directions, which can improve map reading speed and 

efficiency (Passini, 1992; Kitchin, 1997). Compared with printed maps, interactive digital 

maps can automatically locate users and display their real-time location on the map. This 

also creates a problem. Compared with paper maps and map boards, which may be able to 

rely on landmarks on the map to locate or use symbols like pentagrams to mark the user's 

location (Apelt et al., 2007), when the positioning of digital maps is inaccurate or navigation 

fails, users need to match map information with the real environment to reorient 
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themselves. 

This research conducted a user testing experiment (Chapter 4), focusing on participants' 

performance in completing three different wayfinding tasks outdoors: commute, explore 

and quest (Allen, 1999). The quest task contained two destinations, and the difficulty of 

reaching them increased. University users are often asked to visit unfamiliar places (Kanakri 

et al., 2016). Helping users find building entrances and accurate rooms in a shorter period of 

time would be a direction to improve the problem of getting lost on campus (see Section 

3.4.3.2.2 for details). Combined with the positioning problem, the two destinations were set, 

which were a) enable map navigation to reach the building entrance, and b) the navigation 

end point is the central area of the building (unable to navigate to the entrance). 

The results of this experiment highlighted that digital maps could not meet users' wayfinding 

requirements to a certain extent in outdoor campus environments, and found feasible 

solutions to enhance map information design. Through the experimental analysis of the 

quest task (Section 4.3), the research showed that the efficiency of using digital maps 

decreases as the complexity of the campus environment increases. This result points out the 

limitations of digital maps in complex environments. The information and navigation of 

digital maps cannot meet user wayfinding needs in such environments. In terms of map 

information, satellite mode maps have higher environmental recognition and readability 

than illustrated mode maps. Both modes lack the ability to find building entrances and 

determine height differences. In the explore task (Section 4.4), research showed that the 

map needs to reflect the scenery that the user is interested in during the wayfinding 

process, so that the user can more easily correspond to the visual element information in 

the environment and on the map. This requirement was strengthened in Experiment III 

(Chapter 5). In user test of first-generation map prototype(Section 5.2.2), the results showed 

that recognizable landmarks will enhance users' perception of the environment, thus 

affecting their route planning. In addition, this research also considered the map search 

function and put forward suggestions for classifying campus facilities. The needs of facility 

functions should be considered to ensure comprehensive and correct classification.  
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In summary, this research proposed issues that need to be paid attention to when designing 

digital maps in three aspects (environmental complexity, map navigation efficiency, and user 

wayfinding purpose) by researching the limitations of digital maps (see results in Section 

4.5). These conclusions not only contribute to the concerns in the design of campus digital 

maps, but also add reference knowledge to other map design and testing methods other 

than campus digital maps (see Section 2.3.1, Section 4 Chapter, and Chapter 5 for more 

testing solutions). This research observed campus wayfinding with different purposes and 

difficulties in the experiments, expanded the knowledge about wayfinding behaviour in 

complex environments, refined the common problems when people find their way and the 

outdoor environments where wayfinding difficulties are prone to occur, and provided 

valuable suggestions for other relevant future studies investigating such issues. In addition, 

the experimental method adopted in this research can influence better wayfinding design 

practices, which will be explained in detail in Section 7.2.5. 

 

7.2.3. Use paper prototypes to control research focus 

Experiment III (Chapter 5) evaluated the information design that may improve the efficiency 

and readability of campus digital maps (derived from the experimental conclusions of the 

previous chapters), and designed a map prototype containing feasible visual information and 

conducted user testing (see Section 7.2.4 for a detailed summary). During the design step of 

the test materials, this thesis always focused on the research purpose: the information 

design of the map. This is based on the following two reasons: 

1. Theoretical support:  

The basic function of the visual information of maps used for wayfinding is to extract the 

characteristics of geographical reality and design them into symbolic images that reflect 

spatial relationships (The International Cartographic Association, 2003). Digital maps are 

very different from paper maps in terms of technology and are more interactive (such as 

operating a touch screen to switch information, automatically providing routes, etc.). 
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However, their functions are not reflected in the medium but in the purpose. Digital 

maps and printed paper maps have something in common in terms of information 

design (Kent and Vujakovic, 2019). When the purpose of the research is focused on 

"information design", the influence of other map functions on the experiment should be 

excluded, such as relying on the automatic positioning of the GPS function to enable 

people to quickly understand their position in space, thereby weakening the role of the 

map information itself in spatial positioning. 

2. Experience reflection:  

In Experiment II (Chapter 4), Google Maps was used as a tool to investigate the 

limitations of digital maps in academic environments. An occasional situation occurred 

during the experiment, that is, the GPS positioning was offset, which prevented one 

participant from determining "you are here" through the automatic positioning point of 

the digital map (Giuliani, 2001). On the contrary, the GPS positioning at the accurate 

position made other participants believe the distance between them and the 

destination (marked as a dot on the digital map). Even if the navigation function failed, 

the participants focused on making the "positioning point" as close as possible to the 

"marked dot" to complete the task, rather than focusing on the map information to 

determine how to reach the designated location. 

When designing the map prototype, the possible impact of GPS positioning and navigation 

was considered. In Experiment III, the researcher wanted to obtain participants' feedback on 

the use of additional map information (described in detail in Section 7.2.4). With this clear 

purpose, participants were required to judge their own spatial position in the environment 

through map information. Therefore, the paper map prototype was selected as the design 

medium. 

While this decision has the above advantages, it also has certain limitations: paper maps 

cannot meet the interactive advantages of digital maps (the scale of digital maps can be 

adjusted to read map information at different scales; similarly, due to the adjustable scale, 

digital maps can display different levels of detail at different scales) (Davidson, 2014). 
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Therefore, even if paper maps are similar to digital maps in information design, using them 

as a research tool still needs to be carefully considered. In this experiment, since the 

environmental area selected for the test is part of the University of Leeds, the map 

information (including key elements required by map design theory such as lines, shape and 

colour, as well as the additional information obtained from the experimental conclusions 

such as building entrances, height differences and accessible roads) can be fully displayed on 

a paper map (A4 size) and allow users to read it all. In this particular case study, the map size 

of the paper map prototype can meet the experimental requirements, so it was successfully 

designed and tested. 

In the present and future of rapid technological development, we cannot define the future 

form of map: it may be that the street view mode develops more conveniently, it may be 

transformed from a two-dimensional plane to a three-dimensional space, or it may be a 

technology that has not yet been developed. This research used paper maps to test map 

information design, and reviewed the origin of maps - separated from technology and 

science, and started the research from the purpose of the map itself. This also gives other 

researchers the possibility to reflect on whether the research object can be separated from 

its most original purpose when technology develops rapidly, and what is the definition of the 

research object. In this research, due to the focus on user-centred information design, its 

conclusions are still applicable and can contribute to the design of maps whose target group 

is "human beings". 

 

7.2.4. Make A/B testing results more detailed and objective through 

qualitative data analysis 

Experiment III (Chapter 5) evaluated the impact of adding map information on wayfinding 

efficiency through A/B testing, with a campus digital map prototype. This is a successful 

demonstration of A/B testing possibilities in map design evaluation. A/B testing is more 

commonly used to compare versions of website user interface designs (Larsen et al., 2023), 
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or for the evaluation of tangible products (Madlenak et al., 2023). This research combined 

A/B testing with observing user wayfinding behaviour and interviews to evaluate additional 

information. This method is novel in map design: collected quantitative data (A/B testing) to 

intuitively judge the success rate of two groups of participants and wayfinding efficiency 

(through time to complete task); at the same time, qualitative data (observation and 

interviews) were used to more objectively collect participants’ opinions and performance 

during the task, providing a more specific conclusion for map evaluation that combines user 

behaviour, the correspondence between the map and the environment, and user opinions. 

This approach expands the way map design is evaluated and may serve as a reference for 

future researchers/wayfinding designers to evaluate products.  

The two experimental designed that were tested were map prototypes with and without 

added information that might help wayfinding efficiency. The additional map information 

was based on the results of Experiment I (Section 3.4.3.2.2) that established reasons that 

users get lost, the limitations of digital map design obtained in Experiment II (Section 4.5), 

and the discussion of wayfinding problems in academic environments in the campus digital 

map design theories (Section 2.3.1.1). The added information satisfied the requirements of 

making complex environments easier to read (showing elevation changes and 

unconventional accessible roads), increasing the relevance of the map to the real 

environment (highlighting some visually appealing landmarks), and satisfying the purpose of 

user wayfinding in an academic environment (enabling building entrances to be shown on 

the map). The map prototypes tested were iteratively designed and improved based on the 

design principles summarised in this thesis. The improvement process is described in detail 

in Sections 5.2.1-5.2.3. 

The experimental results suggested that an A/B testing method is suitable to investigate the 

efficiency and success rate of participants using the campus map prototype to find paths 

under different conditions (with and without added information), helping to identify the 

effectiveness of additional information during the evaluation process. This also 

demonstrates a practical applicable of user-centred design in the context of wayfinding. 

When users tested with experimental objects, success rates and completion times of 
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different groups could be quickly compared to indicate whether the test variables 

(information added on the map prototype) were useful for research purposes (Madlenak et 

al., 2023). The experimental results were the same as the suggestions of Tomitsch and 

Wrigley (2018), which quickly determined that in the scenario of quest task, the map 

prototype with added information is more effective (see Section 5.2.4 and Section 5.3.1 for 

more details). This method can visually display the impact of map information on 

participants' wayfinding efficiency through the time and success rate of completing the task, 

providing a valuable reference for future design evaluation. 

More importantly, this experiment found that assessments of information design 

performance should be analysed in conjunction with performance in user testing and user 

feedback, so that suggestions for the legibility of additional information could be obtained,  

and the ways in which additional information can impact wayfinding efficiency could be 

explored. This research adopted an observation method during the experiment and 

conducted interviews after the test to obtain qualitative data for more detailed analysis. 

Take the difficulties encountered by users during the task of A/B testing as an example, 

when participants need to decide about the route during the wayfinding process, they 

would stop moving and think about it. After analysing the wayfinding problems represented 

by user behaviours, their "stop position" points were marked on the map to indicate areas 

where different wayfinding problems were likely to arise. This helped the researcher more 

accurately understand the categories and frequencies of difficulties users encountered when 

map information was different, so that the importance ranking of added information could 

be derived from the analysis. This approach can serve as a suggestion for future wayfinding 

research, helping future researchers to visually locate the areas and frequencies where users 

have wayfinding problems, making it easier to analyse the usage limitations of the 

wayfinding system and make the design more convincing. 

Moreover, although it is difficult for the test to fully simulate the wayfinding situations of 

real-life users based on different scenarios and purposes, the researcher assumed the time-

critical situation that campus users often encounter when finding their way (Kanakri et al., 

2016), and specified the task duration in this research. This method encouraged participants 
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to focus on the task and performed wayfinding behaviour as much as possible during the 

test, so that the occurrence of the “stop position” mentioned above means that participants 

had to “waste” limited time not searching but thinking. This made it more convincing to 

explore the wayfinding problems that arose in the "stop position" areas and the source of 

the problem (perhaps the lack of information on the map). This approach also enabled 

participants to perform the task as efficiently as possible and can be implemented in other 

product evaluation tests that involve users. 

 In addition, interviews were conducted to obtain participants' subjective opinions on the 

map prototypes used. The collection of this data helped the researcher obtain participants’ 

evaluations of the legibility of the map prototype and suggestions for the visual presentation 

of additional information, which provided data support for the establishment of campus 

digital map information design principles. The interview questions were designed based on 

possible scenarios that might arise during the test session. Before starting the test, the 

possible results (test success, failure; reasons for success and failure) were anticipated, and 

the interview questions were designed starting from the prediction. This helps limit the 

scope of information obtained and focuses the interview on what the researcher are 

concerned about testing and evaluating (see Sections 5.3.2 and 5.3.3 for more details). The 

design and conduct of the interview in this thesis provide ideas for designing interview 

questions for future research to help researchers obtain interview data that is more closely 

related to the research content. 

 

7.2.5. Establish information design principles for campus digital maps 

Combining the discussion of design principles obtained from the relevant literature review 

and research results, information design principles for campus digital maps were 

constructed. Through existing relevant research and the design principles summarised in this 

research, the gaps in information design principles for campus digital maps were filled, 

providing principles for designers of map design and information design. Chapter 6 listed the 

campus digital map design principles in detail, bringing valuable reference to the map design 
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and information design disciplines, which also helps to evaluate the design quality and usage 

efficiency of campus digital maps. 

This research highlighted that correct geographic positioning was one of the most important 

features of a map. When positioning, maps have the best navigation accuracy when people 

use the map from a self-centred perspective and display the user's real-time location on the 

map (Thomas, 2008). This advantage of an interactive digital map, however, could reduce 

the user's wayfinding efficiency when positioning errors or navigation errors occurred (see 

quest task in Experiment II, Section 4.3). In daily life, users of campus digital maps often find 

their way within a limited time. Students can feel stressed when they try to attend class on 

time but cannot find their destination (Kanakri et al., 2016), completing wayfinding tasks 

within limited time may further induce stress and anxiety, affecting perceptual and cognitive 

abilities (Xie et al., 2012).  

In this case, the visual presentation and legibility of the map itself is an effective way to 

assist users in quickly matching map information with the real environment, positioning 

themselves and planning routes. Images are recognised faster by humans than text and are 

easier to process than reading text when users are unfamiliar with text (non-native speakers 

or have low literacy levels) or when information needs to be processed quickly (Norman, 

1990). In Experiment III (Chapter 5), the researcher designed a series of added visual 

information to improve the correspondence between map information and the real 

environment, and evaluated whether they could help users successfully generate cognitive 

maps and improve wayfinding efficiency. This provides an idea for future research: when 

testing and evaluating the information content of a wayfinding system, self-positioning and 

planning routes are effective ways to verify its legibility. In this case it is necessary to exclude 

possible assistance, such as automatic positioning and route planning of digital maps. 

At the same time, it is necessary to consider that different cultural and educational 

backgrounds may lead to different interpretations and understandings of images (Hashim et 

al., 2014). In order to avoid misunderstandings during the evaluation of the efficiency of 

map use, the role of visual information was explained in detail to the participants. This 
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provides ideas for research on the evaluation of map usability, that is, when evaluating the 

utility of a map rather than the understanding and interpretation of design elements, testers 

need to ensure they understand the information on the map before testing. 

Besides, this research explored the design principles of visual information in campus digital 

map design through the legibility of iterative map prototypes. It mainly focuses on the 

visualisation and correlation of information, so that the map can reduce complexity while 

retaining key nodes at key locations (Apelt et al., 2007; Wang et al., 2018). For example, 

when displaying the entrance on the shape of a building, the entrance should be combined 

with the building shape so that the two become one and avoid too much visual information. 

Geographic information of the same category should be differentiated based on the real 

environment while maintaining consistent visual correlation: for example, routes should be 

compared with the width of roads in the environment by line thickness. As clear and 

beneficial findings from this thesis, these results are good recommendations for all future 

wayfinding designs in the built environment. 

This research also discussed how visual information on a map differentiated the type of 

information visualised, such as location and route, area, visual relevance and importance 

(Reichenbacher, 2004). Colour contrast can provide distinction between information, which 

is useful to help users build environmental mind maps and improve wayfinding efficiency 

and performance (Read, 2003; Dalke et al., 2006; Holscher et al., 2006; Davis and Therrien, 

2012; Farran et al., 2012). Through a literature review and case studies, the researcher noted 

the effectiveness of colour coding in map design. In Study II (Section 3.3), the researcher 

established a colour scheme for campus digital map design. Combining sequence scheme 

and hue scheme, the research proposed using hue division to distinguish information types, 

using sequential schemes (harmonic colours or lightness and saturation distinctions) to add 

colour variation to the same information type. The new colour system was used in tests on 

map prototypes to demonstrate legibility, using harmonious tones and rich colour variations 

to differentiate map information. This finding could help inform future research on the 

colour composition of wayfinding systems, helping researchers and designers build 

harmonious and rich colour schemes. This approach is also effective for designs related to 
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information classification, and may provide suggestions for distinguishing through 

background colour changes when visualising information. 

In addition, this research emphasised the impact of the layout of text information and 

hierarchical division based on scale changes on reading efficiency. Due to its interactive 

capabilities, digital maps can be “more user-friendly” (Davidson, 2014), delineating the 

importance of textual information and classifying it at different scales. Text serves as an 

incongruous element on a map (Kent and Vujakovic, 2018), requiring discussion of text 

volume, font, placement and type to aid map reading. Based on the design principles 

compiled from relevant literature, and combined with the conclusions obtained from the 

visual survey in Study II (see details in Section 3.3), this research provided design suggestions 

for the density, fonts and hierarchical division of text on the map, which are summarised in 

the design principles of Chapter 6. 

Due to differences in choices such as theme style and presentation when designing maps 

(Kent and Vujakovic, 2018), it is almost impossible to establish universal design principles 

that apply to all campus digital maps. However, the design principles summarised in Chapter 

6 may be applicable in testing the effectiveness of map design, especially in environments 

with building complexes, not only in digital maps but also in the design evaluation of printed 

maps. This is because what digital maps and printed maps have in common is the map itself, 

with many similarities in information composition and map uses (Kent and Vujakovic, 2018). 

For the design of a map, it is always recommended to design and evaluate based on target 

user needs and user experience while discussing the fit with the design principles. The user-

centred wayfinding system design approach is described in detail in the next section. 

 

7.2.6. Use user-centred methods on information design research 

The research explored user-centred design methods. In the process of finding problems, 

discovering problems, and testing solutions, information design decisions and the expansion 

of design principles were obtained through the participation of target users. Furthermore, it 
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demonstrated a successful case of using user-involved design methods to evaluate, design, 

and test digital maps and campus digital maps, and thereby added insights and user-centred 

design research methods that could be applied to future campus digital map design. 

In the user participation processes of this research, the first step was to find and discover 

problems. Users' problems encountered when finding their way around campus and places 

where they are easily lost were collected. Their subjective evaluation of the use of digital 

maps and their expectations for map design were collected through a questionnaire 

investigation (Section 3.4). Lynch (1960) explained the important role of this step, that is, 

when the design object is used by people, the designer should first understand people's 

reactions to the design object. By discussing user feedback on campus wayfinding behaviour 

and the efficiency of using digital maps, the researcher summarised the situations where 

people often encounter problems of getting lost and their expectations for digital map 

functions. In Experiment II (Chapter 4), this thesis used information design knowledge to 

classify and design wayfinding tasks, and asked participants to complete commute, quest 

and explore tasks. Allen (1999) provided theoretical support for this, that is, the types of 

tasks that users need to complete when searching for different purposes. By observing users' 

performance during the task and post-task interviews, the researcher found the limitations 

of digital maps in wayfinding in the campus environment. In this process, potential missing 

design elements in the map help positioning and wayfinding were also identified. Since 

visual information is easier to recognise and understand than text (Norman, 1990; Kent and 

Vujakovic, 2018), these design elements were visualised and added to the digital map, as 

supported by established information design knowledge and principles. 

In the test solution session, after improving the digital map through the visual design 

solution, the map showed better performance in solving potential problems (such as being 

unable to locate the building entrance) and in terms of route planning accuracy (Section 

5.2.2). This shows that visual information plays an important role in digital map readability. 

However, the researcher observed that users had concerns about visually designed 

information. Research had considered that users' different backgrounds may lead to 

different understandings of visual images (Hashim et al., 2014). Even if it was ensured that 
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participants understood the role of visual information, the information added to the map 

still caused reading difficulties. This suggested that the visualisation used in the experiment 

became an incongruous element on the map. After analysing user feedback (see Section 3.4, 

Chapter 4 and Section 5.2.2 for detailed user participation testing and analysis), the 

researcher conducted an iterative design of the visual elements of the map prototype 

(Section 5.2.3). By testing the redesigned map prototype, the researcher observed that users 

encountered the same wayfinding problems in similar areas. For example, users mostly 

needed more time to compare map information with the real environment in open spaces 

(squares or empty road sections); when passages (the ground floor of a building or 

underground passages) appeared in the environment, users might need to spend time 

identifying roads on the map. Additionally, when analysing user feedback from the two map 

prototype tests, they demonstrated varying degrees of legibility. This provides a case for 

visualising information elements that adapts to user preferences and understanding 

capabilities and ensures that map information is delivered. When implementing a user-

centred design approach, incorporating user insights into solution testing and refinement 

can be helpful in simplifying information transfer and making solutions feasible. 

 

7.3. Limitations and future work 

The first limitation of this research is that the research was conducted on digital maps of 

most UK campuses; focused on UK institutions when collecting usage of campus digital maps 

at academic institutions; then, universities in the UK were selected for both the visual survey 

and the selection of user testing locations. Ideally, the use of campus digital maps by 

academic institutions in different countries and regions will be explored, and map forms in 

different geographical and cultural environments will be statistically compared. 

Unfortunately, this level of research collection was not possible within the timeframe of the 

research. Selecting academic institutions from different regions based solely on the opinions 

of the researcher may lead to inaccurate results. Instead, academic institutions in the same 

country were selected so that the findings are generalisable and potentially geographically 
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representative. Future research could investigate the implications of the results of this thesis 

for the effectiveness of campus digital map designs at academic institutions operating under 

other cultural practices. In addition, it is worth discussing how this research can be applied 

to wayfinding systems in other environments besides campus environments, such as cities 

and areas with a large number of buildings. 

The second limitation of the research is the sample size. This thesis serves as a successful 

case of user-centred design, user participation is considered in every section. In the 

qualitative methods (Experiment II, Experiment III), a larger sample size would increase the 

detail of the data and the credibility of the research results. Future research could consider 

allowing more participants to evaluate the quality of digital map design through user testing. 

The final limitation of the research was the presentation of the map prototype. Based on the 

purpose of evaluating the legibility of map information and whether it had a positive impact 

on wayfinding, the advantage of interactive digital maps that could automatically be located 

was excluded from consideration. The map prototype took the form of a paper map because 

in this research it had the same information composition and map purpose as a digital map 

(Kent and Vujakovic, 2018). In this case, the inability to obtain their position on the map in 

real time forced participants to always pay attention to whether the route deviated and to 

paid attention to the contrast between the map information and the real environment. This 

provided help for the researcher to observe the completeness of map information and its 

ability to guide participants. However, the interactive performance of digital maps cannot be 

tested and evaluated. In addition, live GPS coordinates can help users quickly locate 

themselves (when automatic positioning does not make mistakes), making it easier to match 

map information with the geographical environment. Considering the efficiency of user 

wayfinding, future campus digital wayfinding should include this. This thesis conducted a 

step-by-step in-depth discussion of the research object based on the order of searching for 

problems, discovering problems, and testing solutions, which means that it is necessary to 

make choices among the problems discovered. In this research, the in-depth direction of the 

research was determined by the importance of user needs, and ultimately focused on the 

visual information design of the map. Research on creating interactions between maps and 
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users, such as showing information or the internal layout of a building when clicking on a 

specific building, or categorising campus facilities on menus and search bars could be 

developed in the future. Based on the research results of this research, the visual 

information design principles of interactive campus digital maps will be expanded to help 

the readability of the map. 

Finally, user involvement in information design can be further explored in future research to 

improve the potential research method limitations of this thesis. For example, adding users 

to the design process in future experiments and conducting collaborative design with users 

may help the researcher gain more visual design ideas. In addition, some technologies can 

be adopted into future research, such as eye-tracking technology, virtual reality technology, 

etc. These techniques may help expand empirical assessments of the legibility of map 

information designs. For example, eye-tracking technology can capture participants’ gaze 

movements and information content they pay attention to when using maps. Virtual reality 

technology can simulate complex environmental facilities, including building groups, 

complex roads and passages, so that the map visual information design does not have to be 

limited by the real environment. Therefore, these experiments may build upon the findings 

from this thesis and could lead to the development of future wayfinding design practices. 
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Appendices 

Appendix I: Heat map of final chosen institutions – usage of campus digital map 
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Appendix II: Screenshots of campus digital maps’ usage of UK institutions 
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Appendix III: Questionnaire of Experiment I 
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Appendix IV: Route record maps of commute task in Experiment II 

 

(Blue dot: Start point; Red dot: End point) 
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Parkinson to Design:            Design to Edward:              Edward to Laidlaw: 

         

 

 

 



273 
 

 

 

Participant 11 

Parkinson to Design:            Design to Edward:              Edward to Laidlaw: 
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Parkinson to Design:            Design to Edward:              Edward to Laidlaw: 
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Appendix V: Route record maps of Quest task in Experiment II: from Laidlaw Library to School 

of Mathematics 

 

(Blue dot: Start point; Red dot: End point) 

 

Participant 1              Participant 2              Participant 3 

         

 

Participant 4              Participant 5              Participant 6 
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Participant 10             Participant 11             Participant 12 
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Appendix VI: Route record maps of Quest task in Experiment II: from School of Mathematics 

to Irene Manton Building 

 

(Blue dot: Start point; Red dot: End point) 

 

Participant 1              Participant 2              Participant 3 

         

 

Participant 4              Participant 5              Participant 6 
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Participant 10             Participant 11             Participant 12 
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Appendix VII: Questionnaire of Explore task in Experiment II 
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Appendix VIII: Paper map prototypes provided to participants in Experiment III 
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