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Abstract: This paper presents a study exploring wayfinding in major waterfront points of interest in Queensland, Australia. 
Waterfronts are often highly significant spaces, contributing to the tourism industry as urban tourist attractions and providing 
quality leisure spaces for residents. Wayfinding is a critical issue for tourists walking or driving through urban waterfronts, 
and may affect a visitor’s spatial experience. Yet the syntactical properties of waterfronts in Australian cities have never 
been analyzed systematically, nor have space syntax methods been employed for improving waterfront precinct design. To 
solve this problem, the Surfers Paradise central waterfront area in Queensland was selected as a case study. Employing 
space syntax, three measurements for both pedestrians and vehicles were extracted to capture the spatial characteristics 
of the case study area. Results identify key locations, that are important for visitors’ decision-making during wayfinding 
processes, both when walking and driving. This paper demonstrates a method for capturing the social and spatial properties 
of waterfronts in Australia and provides possible new insights into the properties of these important tourism attractions.
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1. INTRODUCTION

Waterfronts are unique places where land and water meet (Mostafa, 2017). In the urban context, they are characterised 
by breath-taking scenic views and transport convenience (Follmann, 2015). As the interface between built environment 
and water, Hall (1998) states that urban waterfronts are highly exploitable spaces, which are potential economic boosters 
via tourism and business development. Past waterfront research has mostly focused on social-economic and policy 
perspectives (Bunce and Desfor, 2007; Chang and Huang, 2010; Vayona, 2011; Gunay and Dokmeci, 2012; Cheung and 
Tang, 2015). For example, Gunay and Dokmeci (2012) believe that culture-led approaches for waterfront development can 
be a driving force only if the development agenda is integrated with other urban policies. Cheung and Tang (2015) identify 
an unbalanced planning strategy, inclined towards tourism, for the waterfront areas in Hong Kong. To date, there is limited 
research focus on the design/planning perspective of important urban waterfronts. Furthermore, the syntactical properties 
of waterfronts in Australian cities have never been analysed systematically, nor have space syntax methods been employed 
for improving waterfront precinct design. 

When visitors navigate in a waterfront area, one of the important features that affect their spatial experience is wayfinding, 
which is the focus of this paper. We aim to explore the spatial properties related to visitors’ wayfinding in major waterfront 
points of interest in Queensland, Australia. The Surfers Paradise central waterfront area, the primary tourist destination of 
the Gold Coast, has been selected as a case study. Space syntax techniques are applied in this study, to develop a deeper 
understanding of the mathematical complexity of wayfinding in the selected area. 

This paper commences with a background of Australian waterfronts and space syntax, and then an introduction to the 
Surfers Paradise central waterfront area. The research method – convex map analysis – is then described. Connectivity 
analysis results of the selected area for both pedestrians and vehicles are presented in the fourth section. A discussion 
offering suggestions for urban design based on the results concludes the study. 

2. BACKGROUND

2.1 Australian Waterfronts

Australia embraces the ocean, with its major cities (other than Canberra) all scattered along the coastline. The waterfront is 
therefore one of the most significant public assets in the built environment in Australia (Williams, 2004). Australian waterfronts 
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are significant, contributing to the tourism industry through their role as tourist attractions, and in the leisure spaces and 
opportunities they offer residents. Examples include Cairns’s Esplanade and central waterfront area, Brisbane’s SouthBank 
Parklands, Sydney’s Circular Quay and Darling Harbour, and Melbourne’s Docklands. How these precincts should be 
planned and designed has been a long debate. Forward (1970) investigated six Australian capital cities’ waterfronts, and 
suggested waterfront land should be planned at a metropolitan scale, in which the residential use should be minimised, 
while public park use should be maximised. That isn’t how things have always turned out. Oakley and Johnson (Oakley, 
2007; Oakley and Johnson, 2012) studied the Adelaide waterfront from an urban policy making perspective, noting the 
impact of urban governance, and how the politics of scale and the reimagining of place, may occur on the waterfront. But 
there has been negligible quantitative research focus, on the spatial and socio-spatial characteristics of Australian waterfront 
design/planning. 

2.2 The Surfers Paradise central waterfront area

The Surfers Paradise central waterfront area is possibly the Gold Coast’s most important urban space, receiving millions 
of visitors every year. There are shops, entertainment, restaurants, and hotels running through Cavill Ave, Surfers Paradise 
Blvd and nearby streets at the heart of this area. For this research, we select a study area with boundary streets of Elkhorn 
Ave, Gold Coast Hwy, Markwell Ave, Esplanade, and Northcliffe Terrace (Figure 1). The main shopping and entertainment 
is mostly located on Cavill Ave, Surfers Paradise Blvd, and parts of Esplanade. 

Figure 1. Selected area of Surfers Paradise central waterfront.
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3. RESEARCH METHOD –SPACE SYNTAX

Space syntax is a theory and associated set of techniques, which develop design/planning applications of graph mathematics, 
for the purpose of analysing the social structure of space (Hillier and Hanson, 1984). Extensively developed over the last 
few decades, space syntax methods have been widely applied in research in urban planning, architectural design and 
landscape design, amongst other areas. One of the strengths of the space syntax approach, is that it provides a way of 
understanding architectural and urban spatial configurations by translating their properties into topological graphs, which 
can then be mathematically analysed (Ostwald, 2011; Ostwald and Dawes, 2013) and socially interpreted (Hanson, 1998). 
Space Syntax has three approaches to abstracting space (architectural, urban or landscape) into a graph: convex mapping, 
axial mapping and isovist mapping (Klarqvist, 1992).

    The first of the three approaches, known as a Convex Map or Justified Plan Graph have been selected as analysis 
tools in this study. To conduct the analysis, we need to create a graph from a set of nodes, which represent spaces. Then 
the connections between the spaces become the vertices in the graph, representing a type of boundary condition which 
might be trafficable, permeable or visual depending on the chosen application. While this process is purely geometrical, a 
variation of convex mapping uses social boundaries instead of geometrical boundaries to define the “convex” spaces and 
thence, to produce the nodes and vertices of the graph (Peponis and Wineman, 2002). There are multiple variations of this 
technique, including those pertaining to visually-defined spaces (“convex spaces”), functionally defined spaces/zones in a 
plan or a landscape (Hanson, 1998; Bafna, 2003; Minor and Urban, 2007). In this study, several functionally defined spaces, 
such as intersections, pathways, streets/roads, public transport stops, commercial buildings and carparks are defined to 
analyse the spatial features of the selected area.

  This paper uses the social or functional variation of the convex mapping technique, where the spaces are defined by 
their associated activities rather than their geometric features (Peponis and Wineman, 2002). For this paper, wayfinding 
is the main focus of the graphical analysis. We treated intersections, pathways, streets/roads, public transport stops, 
commercial buildings, and carparks as nodes in the graph. In this variation, the shape of a street (straight, curved or broken) 
or of buildings does not affect its connecting function, as long as there is no possible detour from the street except from its 
ends.

Three properties are measured in the case study: Integration (i), Choice (C) and Intelligibility (I): 

Integration (i) is a global value of each vertex (intersection), revealing the degree by which it is included into or isolated 
from the whole system (Hillier and Hanson, 1984). In other words it relates to how much one space is accessible from other 
spaces, on average (Peponis and Wineman, 2002). 

Choice (C) is the number of times a vertex is located on the (shortest) path between all other vertices in the system 
(Bafna, 2003). The choice value suggests the likeliness of the vertex (intersection) being passed through, as well as its 
importance in decision-making about movement. 

The Intelligibility (I) value suggests the overall clarity of the system, as perceived by a user inside it (Klarqvist, 1992; 
Peponis and Wineman, 2002). Intelligibility is defined as a Pearson correlation, between integration and the connectivity 
values of all vertices (the connectivity value of a vertex is the number of directly connected or adjacent vertices to that vertex) 
(Hillier et al., 1987). It represents how easy/difficult it is to understand the space within the system. 

4. CASE STUDY – CONNECTIVITY ANALYSIS OF SURFERS PARADISE CENTRAL 
WATERFRONT AREA

We conducted connectivity analysis of the selected Surfers Paradise central waterfront area. Three measurements of 
Integration, Choice, and Intelligibility were calculated. In this study, we analyse wayfinding-related spatial character for both 
pedestrians and vehicle users, separately. For pedestrians, four types of functional spaces were investigated: intersection, 
pathway, public transport stop, and commercial areas. For vehicles, three types of functional spaces were analysed: 
intersection, street/road, and carpark.

4.1 Connectivity analysis for pedestrians

Table 1 shows connectivity analysis of Surfers Paradise central area for pedestrians. From the table, we can see that 
intersection has the highest Integration (i=16.583) value, followed by public transport stops (i=16.321), pathway (i=15.690) 
and lastly, commercial space (i=14.439). This suggests, as we initially hypothesised, that intersections were more accessible 
and better connected to other spaces, whilst commercial spaces were less connected. In relation to the space type important 
to make decisions for wayfinding, the analysis shows that the intersection has the largest Choice value (C=1232.22), followed 
by pathways (C=946.574), public transport stops (C=845.143) and then commercial areas (C=24.256). This suggests that 
intersections and pathways play an important role in decision making during wayfinding, when people walk. For Intelligibility, 
indicative of the mystery level of the space, commercial areas shows the largest Intelligibility value (i=0.497), followed by 
pathways (i=0.401), intersections (i=0.339), and finally, public transport stops (i=0.284). We can infer that when people are 
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navigating through/past commercial buildings, there is less confusion about the space. However when they are at public 
transport stops, it’s relatively difficult for them to understand the space. 

Table 1: Connectivity analysis of Surfers Paradise central area (Pedestrians)

Integration (i) Choice (absolute) (C) Intelligibility (I)

Intersection 16.583 1232.222 0.339

Public transport stops 16.321 845.143 0.284

Pathway 15.690 946.574 0.401

Commercial 14.439 24.256 0.497

Figure 2 shows the results for Choice (left) and Integration (right) measures of the selected study area for pedestrians. 
In each of the figures, the circles show the position of the intersection, while their size and darkness represents the value of 
the measures. From the figure, we can see that Cavill Ave and Surfers Paradise Blvd are the most integrated and accessible 
streets, especially around the intersection of the two. During the wayfinding process, the intersection of Cavill Ave and 
Surfers Paradise Blvd is very critical with pedestrians making decisions about where to go. The street segments along Cavill 
Ave between Surfers Paradise Blvd and Orchid Ave, and along Surfers Paradise Blvd between Cavill Ave and Hallan St, are 
important areas for pedestrians’ decision-making during wayfinding. 

Figure 2: Choice (Absolute) (left), Integration (right)

4.2 Connectivity analysis for vehicles

Table 2 shows connectivity analysis of Surfers Paradise central waterfront area for vehicles. From the table, we can see that 
for people navigating in their vehicles, intersection (i=6.084) is the most integrated and accessible space, followed by street/
road (i=5.938), with carparks being relatively isolated (i=5.126). In terms of decision making during wayfinding, intersections 
(C=400.704) still play the most important role in decision making about where to go, followed by street/road (C=285.610). 
As expected, people normally do not need to make important decisions when navigating in carparks (C=8.000). However, 
the analysis of Intelligibility suggests that carparks are the most understandable spaces (I=0.741) when navigating, though 
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intersections (I=0.562) are also relatively easy to understand. However, when driving on the street/road (I), people are likely 
to be confused about the surrounding space.  

Table 2: Connectivity analysis of Surfers paradise central area (Vehicles)

Integration (i) Choice (absolute) (C) Intelligibility (I)

Intersection 6.084 400.704 0.562

Street/Road 5.938 285.610 0.006

Carpark 5.126 8.000 0.741

Figure 3 shows the results for Choice (left) and Integration (right) measures of the selected study area for the vehicles. 
From the figure we can see that the most integrated streets/roads are Surfers Paradise Blvd followed by Cavill Ave and Gold 
Coast Hwy. This is different from the pedestrian Integration map, where Cavill Ave is the most accessible of the streets. 
This is because of the much reduced permeability of the area by car, with many key shops, entertainment spaces and 
pedestrianised spaces not allowing vehicles to enter. In terms of decision-making during wayfinding when people drive, the 
important streets and intersections for decision-making are likely along Gold Coast Hwy. This may be due to the fact that 
Gold Coast Hwy is the main road that connects this study area with other areas of the Gold Coast. 

Figure 3: Choice (Absolute) (left), Integration (right)-Vehicle

5. DISCUSSION AND CONCLUSION

This paper presents a spatial analysis of the Surfers Paradise central waterfront area, with a focus on wayfinding. Through 
this research, some principles of spatial planning and design in the Surfers Paradise central waterfront area are revealed, 
along with potential new insights into the visual and geometric character of Australian waterfronts. From this study, the 
following issues have been identified:

Firstly, the spatial experience for wayfinding is different when people walk, compared with when they drive. Pedestrian 
navigation is more complicated than vehicle navigation, because pedestrians face different challenges, such as movement 
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with a higher degree of freedom (Gaisbauer and Frank, 2008). Results from the spatial analysis of the selected study area, 
suggest that for pedestrians, the areas where shops, entertainment and restaurants locate is critical when they decide 
which direction to go; whereas when people drive, the important locations for wayfinding are the main roads/streets which 
link to other areas in the city. 

   Secondly, for both pedestrian and drivers, intersections are critical when they make decisions during wayfinding; this 
is followed by pathways/streets/roads. The spatial analysis results conform with our common understanding of people’s 
wayfinding behaviour, such that intersections are the locations critical for decision-making during navigation, therefore 
requiring further instructions such as directional signage. Lynch (1960) considers the junctions of paths as the decision-
making points. May et al. (2003) believe that information is needed to help with the navigation at those decision points, and 
also between those nodes (i.e. along paths), to support confident navigation.

Thirdly, for pedestrians it appears relatively difficult to find their way at public transport stops, based on the space syntax 
of the case study site. By contrast, when people are navigating in commercial buildings, they usually face less confusion 
about the space. This indicates the importance of helping people understand the space around public transport stops, 
especially Surfers Paradise’s light rail stations and bus stops. Therefore attention to mapping, road signage, bus route 
information, and other way-showing instruments is essential at such locations. 

The results of this research are necessarily limited by various factors. First, as only a single case is examined, the results 
cannot be generalized to comment on other waterfront areas in Australia. A larger sample could be used, to develop 
a more nuanced set of results, as part of a future study. Secondly, in this study only one measure (access topology) is 
examined. We did not explore other social behavior factors, or attempt to synthesis the space syntax results with real-world 
observations of behavior. Also space syntax methods are not necessarily appropriately accounting for beaches yet, and we 
wish to explore in future research how such features should be optimally treated as movement corridors and boundaries. 
Beaches are also an important visual clue for visitors to find their direction. Having proven this methodology, we hope to 
expand this research effort to look at larger precincts, and include additional factors, and to trial multi-factor approaches to 
understanding wayfinding across a larger set of Australian waterfronts.
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