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Abstract

This paper investigates which data transport models need to include in order to provide a reasonable representation of pedestrian accessibility. A survey conducted in Leeds (UK) collected data on 405 pedestrian route choices. The data included walking routes to a local supermarket, during daytime and when dark. A network model was used to analyse the data. The analysis assessed the role of high-quality routes on walking propensity and route choices. The results indicated that amongst the factors investigated, those associated with personal security fears had the largest impact on walking propensity and route choices, after distance. The paper then goes on to discuss the significance of the results for research, for planning practice and for developing new pedestrian planning tools.
1. Introduction
Recent changes in transport policies have widened the scope for pedestrian planning in many places (e.g. DETR 1998, DfT 2004). For example, Accessibility Planning (DfT 2004) is a UK-wide transport initiative that aims to enhance accessibility to basic services for those that need it the most, especially for people living in deprived areas without a car. In order to endorse these new policies it is important that factors of relevance for local pedestrian behaviour and walking propensity are investigated and well understood. A common methodology in the UK is to use network or as the crow flies distance to identify areas with poor ‘local’ accessibility. However, the feasibility of such methodologies has been questioned. The use of crow flies indicators in commonly used tools for assessing accessibility to public transport has been criticised as “very crude and flawed” (Clifton & Lucas 2004, p.21). A recent UK survey revealed that 56% of transport planning practitioners found walking indicators based solely on a notional distance unreliable for Accessibility Planning (Envall 2006). 
2. Project design
2.1. Research objectives
The main research objectives of the study were twofold. Firstly, the aim was to investigate the usefulness of network distance as a pedestrian accessibility indicator. And, secondly, to investigate the minimum level of network attributes needed to be included in a pedestrian model to provide an accurate representation of accessibility levels for main user groups 
2.2. Study area
The study area covered parts of Burley and Headingley in Leeds, a city in the north of England. Although these two areas were relatively well served by local services the walking distance to the nearest non-convenience food shop was considerable, often over one kilometre. 63% of households in the area had access to a car (ONS 2001).
2.3. Survey data
The survey was designed to examine two main aspects of pedestrian behaviour; walking propensity and route choice. A self-completion questionnaire was used to collect data on pedestrian route choices during daytime and when dark. The trip data concerned respondents’ trips to a Somerfield supermarket (a medium sized food shop), and the only supermarket in the area. The Somerfield store is located in the Arndale Centre, a retail building with 10 or so shops and restaurants on a busy street in central Headingley. Respondents were asked to mark their preferred walking route from their home to the supermarket on two maps, one for trips during daytime and one for trips when dark. They were asked to provide reasons for taking the specific route that they drew on each map. In addition, respondents were asked to provide further details if they did not walk to particular destinations in the area. The survey was distributed during September and October 2005. 
2.4. Sample 
A total of 905 questionnaires were distributed. Responses were received from 221 individuals (24% of sample). 213 of these provided full details of their preferred walking route during daytime. Full route descriptions when dark were provided by 192 respondents, thus providing a total of 405 route choices. The lower number of night-time routes was a result of some respondents saying that they do not go out at all when dark or do not walk to a particular destination when dark. Those aged over 25 years were slightly overrepresented in the sample, and there were more women than men. In some respects these biases could be beneficial. Women in general walk more often than men (DfT 2006, pp.18-19), thus the number of female route choices in the sample should be higher than that for men to accurately represent the area. Nearly half of all respondents had lived in the survey area for more than 10 years. 
2.5. Network analysis
A network model was used to analyse respondents’ walking propensity and route choices. The network model was used to analyse walking propensity and route choice behaviour. The analysis was completed in three main steps. 

Firstly each respondent’s normal route was compared with the shortest route available to them. Each respondent started their trip at their home so the route was unique for each individual. The shortest path available to the respondent was calculated using ArcView Network Analyst Software. From this data the extent to which pedestrians took the shortest route available to them was assessed. In addition, the characteristics (gender, age etc.) of those taking detours were investigated. 
Secondly, the network model was used to establish which respondents benefited from having high quality routes. Data on environmental attributes for each street link, i.e. section of road or path, was used for the analysis. Environmental attributes were defined as quantitative descriptions of a streetscape, e.g. quality of street lighting etc. Walking propensity of those having high quality routes was compared with those that did not. For example, those that had routes that were well lit all the way to Somerfield.
The third step of the analysis investigated the possible role that environmental attributes had as barriers for walking. The respondents’ normal routes were compared with any more direct routes that they rejected. It was assessed to what extent respondents’ deviating from the shortest route did this simply to avoid routes with certain characteristics. It was thought that if adding environmental attributes to a network model could explain detours, then these attributes could be added into a new accessibility algorithm, thus improving our capability to measure pedestrian accessibility.  For the third step of the analysis 52 so called restricted networks were created. Each restricted networks omitted all links with certain characteristics. For example, one network omitted all unlit streets and paths. Another network removed all segregated footpaths more than 25m away from buildings and so on, removing one or more environmental characteristics. The shortest path algorithm was employed to establish the most direct route between the respondents’ origins and destinations. The shortest paths in the restricted networks were then compared with the respondents’ normal routes. The procedure was repeated for all of the 52 restricted networks.
2.5.1. Model design
The network model was created using ArcInfo and MapInfo software. Map data was obtained from EDINA (University of Edinburgh 2006). The network included a total of 774 road links and covered an area of approximately two squared kilometres. The model represented streets and footpaths by a link in the middle of the road. This type of network was found to be suited to analysing principal route choices, after comparing it to a more detailed model where a street with pavements on both sides were modelled as two parallel links. The chosen network representation was similar to the type currently used by local authorities for Accessibility Planning, i.e. the Ordnance Survey’s OSCAR transport network model.
2.5.2. Environmental attributes
The network attributes included in the model are shown in Table 1. The attributes were chosen to meet two assessment criteria, their likely importance for pedestrian behaviour and data collection costs (Envall 2007). Particular attention was paid to analysing features in the street environment that may dissuade people from walking, and any features that deterred people from using the shortest route. The limited resources available for the study meant that the total number of environmental attributes had to be restricted.  However, the attributes included in the model still meant that each link was represented by one of more than 360 alternative data combinations (six attributes with 2-6 levels).
Table 1. Description of environmental attributes included in network model
	Environmental attribute
	No. of levels 
	Data 

Source
	Data description
	Comment

	Link length
	Continuous
	Ordnance Survey 
	Landline Map data
	Network created with ArcView Network Analyst. Calculations using ArcMap software

	Distance to closest building
	6
	Ordnance Survey 
	Landline Map data
	Calculations using ArcMap software.



	Change in elevation
	Continuous
	Ordnance Survey
	Digital Terrain Model, Landline Map data
	Landline data for heights at route origins and destination points. Where Landline data missing OS Digital Terrain Model used.

	Vehicle flows
	5
	Leeds  City Council
	Traffic surveys
	Visual inspections of part of network to establish flows on residential streets

	Street lighting
	3
	Leeds City Council
	Calculations with Lighting Reality Software.
	Levels based on average horizontal illumance in lux. Visual inspections of part of network to ensure consistency.

	Pavement surface
	2
	-
	Visual inspection of network.
	Sealed or unsealed. 



	Shortest sightline <5m
	2
	-
	Visual inspection of network.
	Minimum sightline along link direction at any point. 


3. Selected findings
This section outlines selected findings from the questionnaire survey. 
3.1. Reasons for not walking to a particular place
61 respondents (29%) indicated that they avoided walking to a “particular local shop, service, bus stop or other place” for reasons to do with the street environment or personal security. This was most common amongst women and those having walking difficulties. 

Almost all of those not walking provided a specific reason for not doing so. As shown in Figure 1, nearly half of those providing such a reason indicated that they sometimes avoided going on foot because of personal security fears. 17% indicated that inadequate pavement maintenance was an issue, while 12% felt that poor street lighting was a barrier for them when dark. The majority of those that indicated that poor street lighting was an issue said that this contributed to personal security fears. 
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Figure 1. Respondents’ reasons for avoid walking to a particular local shop, service, bus stop or other place (n 63, open-ended question, multiple answers possible)

The 13 responses from those with walking difficulties seemed to indicate that their reasons for not walking were similar to the sample as a whole. However, more people in this group indicated that inadequate pavement maintenance and inadequate facilities were reasons for not walking to particular places. Those with walking difficulties represented 23% and 33% of respondents stating these reasons respectively, but only 16% of the whole sample. 
4. Modelling results

This section presents the results from the network models. It aims to identify factors explaining walking propensity and pedestrian route choices.

4.1. Walking propensity
4.1.1. The role of distance
The number of walking trips respondents made to the Somerfield supermarket in the Arndale Centre was fairly well correlated with the distance to their home. As shown in Table 2, 72% of those living less than 900m from Somerfield walked there two times or more per week. Only 59% of those living up to 1500m from the Arndale Centre did the same. The influence of distance seemed to tail out for routes longer than 1,300m. Women walked more often than men.
Table 2. Propensity to walk in different circumstances (day or night).

	Criterion
	No. of people
	Average length of shortest route for these people
	Proportion who walk at least twice a week to the Arndale Centre

	
	
	
	All
	Men
	Women

	If shortest route < 900m
	25
	839m
	72%
	62%
	76%

	< 1,000m

	63
	909m
	67%
	64%
	68%

	< 1,100m

	85
	941m
	64%
	61%
	65%

	< 1,200m

	110
	990m
	61%
	58%
	62%

	< 1,300m

	153
	1,063m
	59%
	54%
	61%

	< 1,400m

	192
	1,119m
	59%
	55%
	61%

	< 1,500m

	199
	1,130m
	59%
	56%
	60%


4.1.2. The role of differences in elevation

For each respondent the difference in elevation between origin and destination was determined. The sample was then divided into three groups according to the magnitude of the difference and the number of trips each group made to the Arndale Centre was compared, as shown in Table 3.
Table 3. Walking propensity and change in elevation (day or night).
	Criterion
	No. of people
	Average length of shortest route for these people
	Proportion who walk at least twice a week to the Arndale Centre

	
	
	
	All
	Men
	Women

	If change in elevation is < 5m


	101
	1,048m
	62%
	61%
	63%

	                                      <10m


	193
	1,131m
	60%
	58%
	61%

	                                      <15m


	199
	1,130m
	58%
	56%
	60%


The results indicated that there was a link between walking propensity and the change in elevation. Those experiencing the least difference in elevation seem to walk somewhat more often than those having a greater change in elevation (see Tables 2 and 3). The influence of differences in elevation however seemed to be small which, perhaps could be expected because the area is not very hilly. The maximum difference in elevation between any respondents’ home and destination was less than 15m. 

4.1.3. The role of high quality routes 

Table 4 shows the walking propensity for those with high quality routes. A high quality route was defined as each respondent’s availability of a continuous route of a certain minimum standard all the way to the Arndale Centre. For example, well lit routes were defined as ones with an average horizontal illuminance greater than 10 lux. 
Table 4. Walking propensity for those with high quality routes (day or night).
	Route quality criterion
	No. of people that meet criterion
	Average length of shortest route for these people
	Average length of shortest route fulfilling route quality criterion
	Proportion of people who walk at least twice a week to the Arndale Centre

	
	
	
	
	All
	Men
	Women

	Any link


	199
	1,130m
	1,130m
	59%
	56%
	60%

	Route which is well lit all the way available (> 10 lux)
	20
	1,012m
	1,038m
	70%
	71%
	64%

	A route that avoids being >15m from buildings
	48
	  928m
	   973m
	69%
	62%
	71%

	A route that avoids being >20m from buildings
	72
	  924m
	1,019m
	69%
	67%
	71%

	A route that avoids being >25m from buildings
	154
	1,117m
	1,126m
	59%
	54%
	62%

	A route that avoids using links with <500 veh. /day
	64
	1,099m
	1,109m
	60%
	53%
	64%

	A route that avoids using links with <3,000 veh./day
	17
	  994m
	1,018m
	71%
	71%
	70%


The trip frequencies for those with a high quality route available (Table 4) and those without such routes were compared (Table 2). The results indicated that having a route with good street lighting seem to increase walking propensity. 70% of those having a well lit route walked to the Arndale Centre at least twice a week (Table 4). If one just looks at respondents with a similar average shortest route to the Arndale Centre one would expect this figure to be around 59-61% (Table 2). Also those that had a route that avoided using links with less than 3,000 vehicles per day walked more frequently than the distance from their home to the destination would imply, 71% walked twice weekly compared to 61% (Table 2 & Table 4). 
The simple analysis above indicated some interesting results but, as shown in Table 5, there were considerable correlations between the qualities of different links in the network. This is clearly a difficulty in analysing and understanding pedestrian behaviour. 
Table 5. Proportion of respondents with two or more high-quality routes
	Group
	n
	Proportion of respondents in each group also having a route



	
	
	well lit (> 10 lux)
	that avoids being >15m from buildings
	that avoids being >20m from buildings
	that avoids being >25m from buildings
	that avoids using links with <500 veh./day
	that avoids using links with <3,000 veh./day

	Those with a route which is well lit available (> 10 lux)
	20
	-
	20%
	55%
	55%
	85%
	85%

	Those with a route that avoids being >15m from buildings
	48
	8%
	-
	100%
	100%
	38%
	6%

	Those with a route that avoids being >20m from buildings
	72
	15%
	67%
	-
	100%
	35%
	14%

	Those with a route that avoids being >25m from buildings
	154
	7%
	31%
	47%
	-
	32%
	6%

	Those with a route that avoids using links with <500 veh./day
	64
	27%
	28%
	39%
	78%
	-
	27%

	Those with a route that avoids using links with <3,000 veh./day
	17
	100%
	18%
	59%
	59%
	100%
	-


It should also be noted that the role of routes with low quality street lighting or those that avoided paths segregated from roads (i.e. through a park) could not be assessed in detail using the methodology employed above. As all respondents experienced these issues at some point this could not be separated. The same applied to the need to use and cross heavily trafficked roads. 

4.2. Route choice 
4.2.1 Route choice during daytime and when dark
As shown in Figure 2, many pedestrians’ normal route was not the shortest route available. Routes the respondents preferred to take to the Arndale Centre when dark were significantly longer than daytime routes to the same destination. For example, in daylight 20% took a route that was at least 7% longer than the shortest available and at night 20% took a route that was at least 12% longer than the shortest available. 
Figure 2. Length of normal route (distance in excess of shortest route) 


[image: image2]
4.2.2. Proportion not taking shortest route
Any calculation of the number of pedestrians not taking the shortest route needs to decide what level of detour that represents a noticeable difference. The graphs in Figure 2 bend sharply at about 2% excess distance. This perhaps indicates that 2% excess distance is a noticeable difference for most people on most routes. However, other data from the survey indicated that 50% of respondents who took a detour of more than 10% thought they chose the shortest route. It is perhaps not always clear to a pedestrian which route is the most direct. 

It seems reasonable, therefore, to assume that most people would be able to identify a difference of 50m in length when walking two alternative routes of around 1000m to a destination. For further analysis, 5% excess distance was chosen to represent the minimum noticeable difference in route length.  As shown in Table 6, when dark 42% of pedestrians deviated more than 5% from the shortest route and a quarter deviated more than 10%. The same figures for daytime trips were 24% and 14% respectively. 

Table 6. Respondents’ detours during daytime and when dark

	Time of day
	No. of respondents
	Taking ‘shortest route’
	Taking route >5% longer than shortest route
	Taking route >10% longer than shortest route

	When dark
	192
	33%
	42%
	25%

	During daytime
	213
	62%
	24%
	14%


4.2.3. Route choice and gender
Figure 3 illustrates that both men and women take detours or avoid the shortest route. Both groups took detours more often when dark than during daytime. Detours made when dark were longer than those made during daytime.  

Figure 3. Route choice and distance in excess of shortest route for women and men.
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4.2.4. Reasons for taking a longer route 
Respondents were asked to indicate important reasons for choosing their preferred walking route. Tables 7 and 8 outline the proportion of respondents that indicated a reason was ‘very important’. 

Table 7. Proportion of respondents stating ‘very important’ reasons for choosing their daytime walking routes.

	Group
	n
	Proportion answering ”very important” for choosing their particular daytime route


	
	
	“Most direct”
	“Quick-est”
	“Safest in terms of traffic”
	“Most pleasant”
	“Safest in terms of assault”
	“Enough other pedestrians visible”
	“Route un-crowded”

	All respondents


	213
	59.1%
	56.3%
	34.6%
	16.3%
	34.7%
	27.2%
	11.4%

	Women


	135
	58.8%
	56.2%
	41.9%
	19.2%
	45.3%
	37.2%
	15.0%

	Those taking detour >5%
	51
	57.1%
	53.1%
	50.0%
	22.9%
	52.2%
	42.6%
	25.5%

	Those taking detour >10% 
	30
	50.0%
	53.6%
	48.1%
	25.9%
	42.3%
	34.6%
	23.1%


Directness and travel time were the dominant reasons for the respondents’ choice of route when walking to the Arndale Centre during daytime. 59% and 56% of all respondents respectively indicated that these were very important reasons. 

Those taking detours during daytime more often indicated that personal security, pleasantness, traffic safety and an ‘uncrowded’ route were very important reasons for route choices. Pleasantness was more important for those taking longer detours. Half of those taking a detour of more than 10% still indicated that directness was a very important reason for choosing their normal route. One would expect that those taking the longest detours would not say that directness was very important and would rank other factors relatively higher. Perhaps, the best explanation for this is that respondents saw directness as a relative concept. For example, the longer route I take is the most direct for me, considering that I think the shorter, poorly lit route is unsafe. If distance is not seen a relative concept, then the responses remain difficult to explain. 
Table 8. Proportion of respondents stating ‘very important’ reason for choosing their walking routes when dark.

	Group
	n
	Proportion answering ‘very important’ for choosing their particular route

	
	
	“Most direct”
	“Quick-est”
	“Safest in terms of traffic”
	“Most pleasant”
	“Safest in terms of assault”
	“Enough other pedestrians visible”
	“Route un-crowded”

	All respondents


	192
	45.3%
	47.2%
	31.8%
	7.4%
	58.9%
	59.1%
	52.0%

	Women


	120
	44.7%
	45.6%
	37.7%
	8.0%
	75.7%
	75.0%
	69.0%

	Those taking detour >5%
	81
	36.8%
	35.1%
	33.3%
	8.2%
	72.0%
	72.0%
	66.2%

	Those taking detour >10% 
	48
	24.4%
	25.0%
	17.8%
	4.5%
	63.0%
	66.7%
	56.8%


Respondents indicated that safety in terms of assault and sufficient numbers of other pedestrians were very important reasons for their route choice when dark. These two reasons stood out with around 59% indicating they were very important, particularly for women. 75% of female respondents indicated that personal security and enough other pedestrians visible were very important reasons for taking their normal route. 

4.2.5. Route quality and route choice
This section outlines some results from the third step of the network analysis investigating trips made when dark (see 2.5.3). Figures are presented for those whose normal routes deviated more than 5% from the shortest route as well as for all respondents, as shown in Table 9.
The bottom row in Table 9 illustrates the results for the full, so called unrestricted network. The rows above illustrate the results for the various restricted networks. The best networks achieved a prediction rate of 73%, correctly predicting 140 out of 192 route choices. These were created by omitting segregated footpaths or road with little vehicle traffic and more than 25-30m from buildings. Segregated footpaths are here defined as footpaths away from carriageways.
Table 9. Results for networks achieving high overall prediction rates 
	Network model description
	Model results

	
	All respondents
(n= 192)
	Respondents with routes >5% longer than shortest path (n = 81)

	
	No route possible
	Successful prediction
	Normally use a route for which some links are omitted
	No route possible

	Segregated footpaths omitted where these are >30m from buildings
	0
	73%
	5
	0

	Links with <500 vehicles omitted where these are >30m from build.
	0
	73%
	5
	0

	Segregated footpaths omitted where these are >25m from buildings
	0
	73%
	6
	0

	Links with sightlines <5m omitted, segregated footpaths omitted where these are > 30m from buildings
	0
	72%
	5
	0

	Segregated footpaths omitted where these are >15m from buildings
	0
	70%
	9
	0

	Segregated footpaths omitted


	11
	67%
	12
	9

	Unrestricted network (full network without barriers)
	0
	58%
	0
	0


The unrestricted network was able to correctly predict 111 out of 192 route choices (58%) leaving 81 route choices unexplained. A successful prediction was taken as being within 5% of the shortest route length, i.e. if a respondent’s preferred route was 1049m and the shortest route available was 1000m the difference was seen as so small that most respondents would not be able to tell the difference in length if walking the two routes. The figure of 5% was derived from analysing the distribution of all preferred routes compared with shortest route (see section 4.2.2).

Omitting any section of segregated footpath meant that 11 out of 192 respondents in the sample had no possible route (second row from the bottom in Table 9). The prediction rate was lower and it also reduced the reliability of the model. In this case 12 of those taking detours used short sections of segregated paths. One main reason for this was that such links were on the only ones available for these respondents.
A full analysis of daytime data has not been carried out yet. However, some evidence from the survey points towards that pedestrians responded similarly to route attributes during daytime as when dark, but to a lesser extent. For example, it was found that only 59% of respondents used a particular traffic-free footpath called the ‘Ginnel’ during daytime despite it being part of their shortest route to the Arndale Centre. This footpath is narrow and confined with fences. 
5. Discussion
5.1. Key findings

The walking propensity analysis indicated that walking propensity is potentially linked to the quality of street lighting and the level of natural surveillance (Tables 2-4). These results were in line with findings presented by Painter (1996) and DfT (1999). 
The route choice analysis showed that pedestrians in the surveyed area took significant detours during daytime and when dark (Table 6). Earlier studies on pedestrian route choices concluded that pedestrians, after distance, showed a tendency to follow the simplest route (Marchand 1974), that ‘attractiveness’ was important for route choice on shop to shop trips (Seneviratne & Morrall 1985), that personal security was unimportant for route choice (Seneviratne & Fraser 1987), that the influence of gender on route choice motive was marginal (van Schagen 1990) and that the average pedestrian on a ‘regularly’ made trip was prepared to offset an extra distance of 160m by one point higher ‘pleasantness’ on a 7 point scale (Westerdijk 1990). The results of the Headingley study indicated that street attributes linked to personal security fears have a significant impact on pedestrian route choices and that route choice strategies when dark were linked to gender. 20% of respondents in the survey took a route that was at least 12% longer than the shortest available at night (Figure 3). This meant an extra distance of more than 135m for the average route in the sample. Men in the survey were twice as likely to use segregated footpaths as women when dark. The differences between the results of this study and earlier ones could mainly be attributed to different types of study areas (business districts and city centres vs. a less central mixed used area), variation in trip purposes and that none of the earlier studies included pedestrian behaviour when dark. 
The network analysis indicated that omitting links with certain ‘negative’ attributes, e.g. paths not being overlooked, increased the network model’s prediction rate for night-time routes from 58% to 73% (Table 9). The results of the questionnaire survey supported these findings (Figure 1). The survey results indicated that it should not be taken for granted that pedestrians always take the shortest route, especially not when dark, and at least not in metropolitan areas. Consequently, the survey results supported earlier suggestions that network distance is not necessarily a very good indicator of pedestrian accessibility. 
Obviously, omitting links could be viewed as a relatively crude way of handling characteristics of the walking environment. The strong point of investigating barriers, as done in this study, is that it is consistent with finding out which of the many environmental attributes has the greatest negative impact on pedestrian accessibility. 

5.2. Significance for research

The study unearthed three issues that are important for future research on pedestrian behaviour. 
Firstly, the variations in pedestrian behaviour in different type of areas suggest that research into transferability of results is an important issue. For example, the effects of improved street lighting may differ significantly with general perceptions of personal security fears in an area as well as with the level of natural surveillance at a particular location. 

Secondly, earlier studies have suggested that pedestrians perceive walking speed better than distance, and that more attractive routes are perceived shorter (Marchand 1974). The Headingley study supports a similar suggestion, that many pedestrians view directness as a relative concept. If this is true, simply asking pedestrians if they took the quickest or shortest route does not necessarily mean that they did so. 

Thirdly, a point linked to traffic safety. Pedestrian safety issues have not really been discussed in this paper. However, it should be noted that the analysis could not find any support for the hypothesis that pedestrians took detours to avoid difficult crossing points. In fact, one crossing point that a handful respondents said was ‘unsafe’ was used by more people than those that had it on their direct route. It could therefore be that pedestrians in areas with routes deemed unsafe in terms of assault trade off these for routes less safe in terms of traffic. 
5.3. Significance for practice

A transport planner commissioned with a task of analysing the pedestrian environment would be faced by many challenges. Should he or she focus on safety issues, delays, personal security issues or access for those with walking difficulties? How would one find out which measures benefit pedestrians the most? For this task practitioners in the UK and overseas often rely on frameworks for so called ‘street audits’ (e.g. IHT 2000, Living Streets 2004, PBIC 2007). Data collated during such audits need to be considered in terms of its importance for overall pedestrian behaviour, not only for minority groups.  In the light of the survey results, it seems that some street audits pay too little attention to environmental attributes that affect personal security fears. It is also important that any analysis include how pedestrians want to move, not just how they respond given certain circumstances. Models would arguably give planners better ability to simulate the impacts of alternative pedestrian schemes than street audits. Good models would make it easier for practitioners to identify and rank accessibility problems, identify areas with poor accessibility and target resources on the most beneficial improvements. Such new tools could also help authorities better determine what proportion of transport spending that should be dedicated to pedestrian infrastructure improvements. However, costs for data on environmental attributes are likely to be a significant hurdle for the use of sophisticated pedestrian models. It is therefore essential to find the right balance between costs and ‘enough’ accuracy. The quantitative attributes collected here did not require any extensive surveys. In fact, all of them could be obtain from publicly available databases, or a relatively simple walk-through survey. That said, many issues remain to be resolved when it comes to the modelling of pedestrian movements and amenity, e.g. quantifying all key environmental attributes important to personal security and route attractiveness.

6. Conclusions
The network model used in the study shows that the underlying reasons for pedestrians taking longer routes can be quantified. This is promising because such knowledge is vital for developing city-wide pedestrian models. 
The results of the analysis suggests that adding network attributes such as the quality of street lighting, the level to which routes are segregated and overlooked from surrounded buildings into network models are good starting points. The findings indicate that the three attributes are important to a majority of users and that personal security fears, where present, inhibit essential pedestrian journeys, not only recreational trips. Data for the three factors could be collected at a relatively low cost. It therefore seems worthwhile including them in pedestrian models.  This is important given that night-time accessibility is considered significant in transport policies. 
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