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Abstract

Understanding pedestrian behaviour around traffic signals is important to promote pedestrian safety and to design safe traffic control systems. To evaluate the effect of infrastructure improvements we must understand the pedestrian movements and their path choices. Pedestrian behaviour has a bearing on the performance of a traffic signal. Past work in signal optimisation has not taken pedestrian issues explicitly into design consideration and pedestrian routing affected by traffic signals has been largely unexplored. We present results of perception surveys of more than 450 pedestrians and the analysis of over 1500 pedestrian movements from comparative case study sites located in the Birmingham region, UK and San Francisco, USA. The study was aimed at understanding the factors that affect pedestrian movements and path choice around traffic signals.
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1. OBJECTIVES OF TRAFFIC SIGNAL CONTROL:
Traffic signal control is increasingly seen as a way to implement social policy and not just a way to improve traffic safety and efficiency. Local authorities expect it to deliver priority for public transport, easier and safer walking and cycling, secure access for the mobility impaired, cleaner air and, more generally, revitalised town centres. The objectives have become multi-dimensional and the scope of control has become multi-modal. 

Each traffic signal control system is designed to meet the specific social and political objectives of each community. Fundamentally, however, traffic signal control systems strive to achieve the following:

· Maximize traffic flow efficiency.

· Maximise public safety.

· Reduce congestion.

· Monitor traffic flows and make traffic control decisions.

· Moderate fuel consumption and environmental impact.

In addition to above, traffic signal systems have newer objective to fulfil as well:

· Allocate pedestrian priority.

· Allocate special priority to disabled users and special needs users.

· Provide public transport priority for buses, trams etc.

· Reduce accidents.

· Help in route guidance and achieve stable traffic dispersion through the network.

· Aid movement of emergency vehicles and assist in emergency evacuation of centres.

· Event management of special functions like matches, concerts etc.

· Reduce delays for emergency response vehicles and units.

2. PAST RESEARCH IN PEDESTRIAN BEHAVIOUR: 
One of the objectives of this research is to understand the pedestrian movements and their path choices around signalised intersections. This aspect of pedestrian behaviour has a direct bearing on the performance of a traffic signal. For example some pedestrians may choose to cross diagonally across the intersection or cross on red light to save time. Past work on signal optimisation has not taken pedestrian issues explicitly into design consideration. Significant research has been carried out in the past in the field of pedestrian friendly environments and infrastructure. However, the issue of pedestrian routing due to traffic signals, and pedestrian delays at signals has remained unexplored. 

Empirical studies into pedestrian behaviour have been carried out since past 50 years. Some of the key empirical studies include those carried out by Hankin and Wright (1958), Hoel (1968), Navin and Wheeler (1969), O’Flaherty and Parkinson (1972), Older (1968), Carstens and Ring (1970). These are based on observing pedestrian movements and behaviour. They were founded on studying empirical data gathered from site observations, photographs or videos. 

Batty (1997) and Hill (1984) carried out behavioural studies into pedestrian movements. Their research was concentrated on how people move within urban areas from one place to another. 

Apart from the above, significant effort has also gone into developing a level-of-service concept as given in seminal research by Fruin (1971), Mori and Tsukaguchi (1987) and Polus et al. (1983). Pauls (1984) and Whyte (1988) concentrated on design elements of pedestrian infrastructure. A vast amount of literature covers the area of design of planning guidelines for pedestrian facilities. Davis and Braaksma (1988) used regression relationships for predicting pedestrian flows, these may not necessarily hold well in complex urban environments.

Over the years several simulators have been developed to understand and emulate pedestrian behaviour. Generally, we can divide the pedestrian simulators and past research into macroscopic and microscopic simulators (Teknomo et al., 2000). Macroscopic simulators were the large aggregate models which did not take into account individual pedestrians. These included Fruin’s (1971) level of service models. Microscopic models include representation of pedestrians as atomic individuals as proposed by Helbing (1992). Further microscopic models may be dived into three categories, namely: Cellular Automata models, Magnetic Force models and Social Force models.

Helbing (1992) and (1993) added to the above the concept of collision avoidance and focused on individual pedestrian movements to develop a behavioural force model (Helbing, 1996 and 1997). The research suggested even though human behaviour may be `chaotic' and haphazard in normal situations, individuals will usually not take complicated decisions between various possible alternatives, but apply an optimised behavioural strategy, which has been learned over time by trial and error. Therefore we may assume that a pedestrian will react to obstacles, other pedestrians, etc, in a somewhat automatic way.

Models of grid based pedestrian simulations like modified cellular automata have been proposed recently, e.g. STEPS (Mott MacDonald, 2000). In here, each cell can be occupied by at most one pedestrian and a score is assigned to each cell on the basis of proximity to other pedestrians or obstructions. The score represents the positive gain made by the pedestrian when moving towards his destination. The score is calculated for the nine-cell neighbours of the pedestrian including the existing location of the pedestrian. Pedestrians are allowed to move to the next cell that has a maximum net benefit. 

While significant research has been done to understand pedestrian movements and particularly their impact on efficient building design, on the other side there is limited research in understanding the factors affecting pedestrian paths. Borgers and Timmermans (1986) were the first to address the problem of spatial path choice within neighbourhoods. Agent based models are now becoming popular ranging from buildings to town centres (Haklay et al., 2001). The same are increasingly applied to larger areas and even complete towns (Schweitzer, 1998 and Batty, 2001).

Hillier (1983) proposed a methodology for analysing the spatial connectivity of urban links. He developed a framework by which links in a network could be weighted according to their connectivity in the network. Essentially each link in the network is scored according to the minimum number of intervening turns one has to make, to go from one link to all other links in the system. These connectivity weights are referred as ‘global integration factors’. The higher the connectivity of a link, the higher is the global integration factor. Using field observations Hillier produced a regression model of pedestrian flows relating to global integration factors.  This methodology has been applied to predict pedestrian flows in an urban context. As the connectivity of the links is a fixed spatial attribute, changing only with changing urban morphology, one can work out the pedestrian volumes on links due to changes to the urban pedestrian network.  Similar work has been reported in Desyllas and Duxbury (2003) who propose the use of ‘Axial Maps’ and ‘Visibility Graph Analysis (VGA)’ as a method of representing the pedestrian flows based on the analysis of the urban spatial structure. 

Campos and Desyllas (2002) reviewed the factors that affect pedestrian movements on urban links. They suggest a list of primary factors that can influence pedestrian flows such as adjoining land use, (percentage of commercial frontage and level of commercial activity), presence or absence of moving/stationary people, footway width and quality, and secondary factors which include gradient, signage, crime and street lighting and visibility.  To predict pedestrian flows a similar methodology is adopted by preparing ‘axial maps’, where ranks are given to links and regression models constructed between ranks and pedestrian flows. The methodology proposed by Hiller (1984), Campos and Desyllas (2002) is now embodied in the core of Space Syntax software for modelling pedestrian flows. 

Noland (unpublished work) conducted an analysis on the trade-offs between pedestrian delay and vehicle delay at signalised intersections.  Delay equations from the Highway Capacity Manual (TRB, 2000) were used to evaluate how changes in cycle length and green phases for pedestrians affect total delay for both vehicles and pedestrians.  Amongst the few studies on the value of time of pedestrians, Noland assumed the value of pedestrian time to be twice that of the vehicle user travel time. On that basis, his study concludes that at traffic intersections with high volumes of pedestrians, economic benefits may be achieved by increasing pedestrian green phases.

2.1 Summary 

From the above literature review on pedestrian behaviour it can be inferred that there are gaps in our understanding how pedestrian plan or choose their paths and journeys. None of research concentrates on the factors affecting pedestrian behaviour around traffic signals.  The applicability of previous research models behaviour at signals is limited.

The existing microscopic pedestrian simulators have two main components: how to make the pedestrian move towards his destination and how to make the pedestrian move away from opposing pedestrians or obstructions. Cellular automata models generally use arbitrary scores to move the pedestrians. Magnetic and social force models have a more physical interpretation. The key problem in the application of these models is that they tend to be validated for a limited data set and that none have their variables calibrated. There is no guarantee that these models will work independently over a new data set or for pedestrians in different environments.

3. PEDESTRIAN ISSUES IN SIGNAL CONTROL FOR URBAN ENVIRONMENTS
The key issues that need to be addressed in research focussing on pedestrian behaviour around traffic signals are summarised below:

Better signal control for pedestrians: In the UK there are three types of pedestrian signals (toucan, puffin and pelican signals). The signal design is based mainly on understanding of vehicular behaviour and ‘rule of thumb principles’ (traffic engineer’s experiences) to decide green time. Most pedestrian intersections work in an isolated way and their effect on surrounding network has not been accounted for. Better signal control for pedestrians should also aim at better co-ordination between signals.

At most traffic intersections pedestrians are also present. However, conventional signal design does not address the pedestrian needs explicitly by analysing the impact of signal timings on pedestrians. There is a need to address pedestrian needs explicitly while designing integrated traffic signals. Poor pedestrian crossing facilities can lead to increasing the pedestrian - vehicle conflicts and accidents. Often one finds that if pedestrian signals are poorly designed, pedestrians fail to use the infrastructure facilities and ignore the signals. 

Understand pedestrian behaviour: Most of the past research has been concentrated on understanding pedestrian behaviour inside buildings and under evacuation conditions. Indeed the need for evacuation research was important as high volume and densities of pedestrian movements can be dangerous, like in a stampede. The past research concentrates on avoidance of high concentration of pedestrians in one part and how to efficiently evacuate all pedestrians quickly in case of emergency. However, pedestrian behaviour in ‘normal’ urban walking conditions is different from ‘stressed’ emergency conditions. We need to understand how pedestrians decide their paths while walking in urban spaces and not just within buildings.

How pedestrians move or cross traffic signals:  More importantly within this research the focus is on understanding how pedestrians move around traffic signals and how they cross the traffic lights. We need to understand what factors make the pedestrians violate signals in order to design effective signal control.

Pedestrian route choice around traffic signals: Pedestrian behaviour and the factors affecting their journeys is an important element, which dictates the performance of a traffic signal and the pedestrian network. There has been phenomenal research in understanding vehicle route choice over the last 40 years. However, there is limited literature available on understanding of pedestrian route choice. 

As previously discussed efficient signal design has to look into the needs of all road users. Pedestrians are one of the main road users, in many urban centres where pedestrian volume can exceed vehicle volume. Addressing their needs is vital for success of an integrated traffic system.

4. THE PRIMARY SURVEY OF PEDESTRIAN BEHAVIOUR:
Based on the above needs it was evident that primary data was required to be collected to understand the factors that affected pedestrian behaviour and their route choice around traffic signals. Past research (Hillier 1985 and Campos, 2002) revealed several factors that affect the routes choice of pedestrians such as:

· Shortest path (distance);

· Fastest path (time);

· Gradient – uphill / downhill /steps/flat footpath;

· Safety/security, street lighting/crime and

· Proximity to shops or adjoining land use.

A primary survey of pedestrians aimed at understanding the factors that affect their route choice around traffic signals (in particular macroscopic route choice behaviour) was envisaged. In order to gather all variables and factors that effect pedestrian routings, a primary survey questionnaire was designed which was aimed at gathering information on pedestrian behaviour and factors effecting their movements and path choice. 

4.1 The Focus Group Study

After an initial design of the questionnaire a focus group study was organised to understand any other factors, other than those highlighted above, which may be affecting pedestrian routings. The focus group study was also aimed at getting feedback on the questionnaire design. It was important to understand if there was any ambiguity associated with any of the questions that were being asked. A focus group study consisting of 12 members (7 men and 5 women aged between 19 years and 58 years, all Mott MacDonald employees) were conducted. About one and a half hour discussion between the focus group members concentrated on understanding what factors the pedestrian and users themselves take into account while planning their pedestrian journeys.

In addition to the above highlighted factors the focus group study revealed several factors that the pedestrians found important while deciding and planning their pedestrian journeys. From the discussion, these factors could be grouped into primary and secondary factors. The primary factors had a ‘relatively higher importance’ in journey planning process compared to the secondary route choice factors. The focus group study also gave a more varied response to the secondary factors where there was a vast disagreement in the scale of effect these factors on pedestrian route choice. The primary and secondary factors are given below in no particular order of significance.

4.1.1 Primary pedestrian route choice factors:

1.
Shelter from adverse weather;


2.
Shortest path (distance);

3.
Fastest path (time);

4.
Pleasing urban environment/Scenic route/not a boring path;

5.
Gradient – uphill / downhill /steps/flat footpath;

6.
Safety/security;

7.
Street lighting/crime;

8.
Proximity to shops;



9.
Number of obstacles / impedance from other people/comfort;


10.
Straight path / number of turns;

11.
Less exposure to traffic;

12.
Familiarity of the route / signposting;

13.
Completing multiple activities;

4.1.2. Secondary pedestrian route choice factors:

1.
Quality of path/ texture; 

2.
Cleanliness/ smells;


3.
Protection from pollution;

4.
Follow other people;

5.
Protection from noise/pollution;

6.
Like to walk in Sun/shade;

7.
Footpath width;

8.
Avoid traffic intersections (number of road crosses);

9.
Presence / lack of other people;

10.
Low volume of traffic on adjacent road (exposure to adjacent traffic);

11.
Avoid street activists;

4.2 The Pilot Survey in South Kensington, London

The feedback on route choice factors and other parts of the initial questionnaire helped in refinement of the questions of the primary pedestrian perception survey. A pilot sample study of the edited pedestrian perception survey was then carried out in June 2005 at Exhibition Road, Cromwell road traffic intersection in South Kensington, London. The questionnaire was split between questions on perception of traffic signal and those on determining factors that effect route choice.

A sample size of 8 respondents was achieved. During the pilot study several difficulties became apparent with the questionnaire design and administration. The length of the survey questionnaire was quite long and it took about 15-20 minutes to complete one sample. In addition, it was extremely difficult to find respondents and hold their attention for more than 10 minutes. 5 pedestrians did not have 15 minutes to spare for responding to all the questions and seemed in a rush to answer. When asked to rank the primary and secondary factors effecting route choice, 6 pedestrians could not rank the secondary factors easily in any particular order.  

The feedback from the pilot questionnaire design led to the revision in the survey questionnaire. The section on secondary pedestrian route choice parameters was omitted. Some ambiguities associated with very high desegregation of data (choices presented) were also addressed by decreasing some of the choices presented to the pedestrians while asking questions. Finally, it was proposed that for conducting a full-scale survey, a simultaneous video survey of the study intersection has to be also conducted to remove any inaccuracies associated with observation of pedestrian behaviour. All the above amendments reduced the survey administration time from 15 minutes to less than 9 minutes per respondent. 

The new version of the pedestrian questionnaire administered in San Francisco case study site is presented in Appendix 1 and the analysis of responses is presented in Section 6.

5.  SAN FRANCISCO CHINA TOWN PEDESTRIAN PERCEPTION STUDY:
In order to understand the pedestrian behaviour around traffic signals it was planned that the survey of pedestrians has to be conducted where there was a heavy pedestrian movement conflicting with general traffic. The selected survey site was the heavily used entrance to San Francisco China Town at the intersection of Bush and Grant Street.

The significance of following thirteen factors affecting pedestrian routing in urban areas was analysed:

1.
Shelter from adverse weather;


2.
Shortest path (distance);

3.
Fastest path (time);



4.
Pleasing urban environment/Scenic route/not a boring path;



5.
Gradient – uphill / downhill /steps/flat footpath;


6.
Safety/security;

7.
Street lighting/crime;

8.
Proximity to shops;



9.
Number of obstacles / impedance from other people/comfort;


10.
Straight path / number of turns;

11.
Less exposure to traffic;

12.
Familiarity of the route / signposting;

13.
Completing multiple activities;

On 21st July 2005 a primary survey of pedestrians crossing the above intersection was conducted. The weather conditions were bright and sunny with a temperature of 22ºC. A total of 95 respondents were interviewed. A simultaneous video survey of the intersection was also done during the peak hour.

The administered questionnaire is given in Appendix 1. The first questions (1 –7) were supposed to be filled in by the surveyor after successful questionnaire was administered. The next questions (1-17) were aimed at understanding the response of pedestrians to traffic signals.  Questions 18-20 were aimed at understanding the factors effecting route choice pedestrians.

5.1 Analysis of responses:

5.1.1 Socio-Economic Background:

A male dominated distribution of respondents was achieved in the survey with approximately 2/3 respondents being males. They were mainly groups of pedestrians interviewed with 49% either accompanied by children or luggage or another adult. Only 10% of respondents had mobility related problems. Most of the pedestrians surveyed were young (less than 40 Years old) and a quarter of them were above 60. As expected due to the selection of the site, almost 70% of respondents were on recreation (heavy tourist area) and about 20% were either working or they were on company business.

5.1.2 Traffic Signal Crossing Behaviour:

It was observed that most of pedestrians crossed on ‘Green Man’ while only 14% jumped on Red. Of all the people who crossed on red, all had a large time gap between themselves and conflicting vehicles and hence crossed when it was safe. 14% of pedestrians did not cross at designated areas and seemed to avoid crowded crosswalks. 

When asked about their crossing behaviour, surprisingly about a fourth of pedestrians said that they crossed on impulse and about 5% of them said that they were impatient due to long red light. About 24% of respondents said that they waited at the traffic light due to high traffic volume. Even though the pedestrian traffic signal has a ‘Green Man – Red Hand’ signal aspect which is probably easier to follow than the ‘black out period’ used for clearing pedestrians in UK, about 43% of pedestrians found the traffic signal settings confusing. 

About a third of pedestrians wanted to hear audible warnings while crossing signalised intersections while the rest did not find them necessary or found it a nuisance. About a quarter of respondents had mobility related problems.  Almost half of the respondents did not find the green time enough to cross safely and more than 84% said they would prefer to see ‘Walk – Don’t Walk’ aspects instead of what was being displayed. With regards to location of signal heads 57% preferred the signal aspects in right front of them on the opposite side while about a third preferred them both in front and in the sight of oncoming traffic. This is an important question for UK users as the new puffin guidelines propose to put the signal head displays for pedestrian crossings only in the sight of oncoming traffic. 

When asked what would make pedestrian more patient at traffic signals the most popular option was count down timers followed by educating pedestrians on how to use crossings and providing push button priority. The least popular measure was enforcement and fines. 

Only 29% of pedestrians responded that they will never cross on a red. This means that most pedestrians were willing to disobey the traffic regulations if they felt safe and an average waiting time of 55 seconds was the maximum time they were willing to wait at red man. This differs from the UK sites where people stated their preference to educating pedestrians as most important followed by push button priority, countdown timers and the least popular measure being fines (Figure 13)
When asked, what is a long waiting period at traffic signals, the average response was about two minutes. The average response to medium waiting time was about a minute and a short wait was about 20 seconds.

5.1.3 Route Choice factors:

76% of respondents said that they will probably choose a different path between their origin and destination based on their trip purpose. For example they may take a longer-more leisurely path if they are out for recreation compared to the shortest path, which they would take in most occasions. 

For question number 18 the respondents were asked to rank the factors affecting their route choice in ascending order. They could also give the factors the same rank as well. Hence the minimum score that could be given to a factor was 0 meaning it was the most important and maximum was 10 meaning it was least important. To analyse the responses scores were given by individual respondents, which were summed up. The minimum score reflected the most important factor affecting pedestrian route choice and the highest score reflected the least important factor. 

One can see from Figure 5, that moving on fastest shortest paths is the most important factor in pedestrian route choice. Taking the safest path is next most important factor is pedestrian path choice. This path is the one having high visibility and good lighting conditions. The next most important factor is the familiarity of the route, its signposting and the gradient of the route. 

Other factors like exposure to traffic, pleasing urban environment and number of obstacles have a lower rank. Finally, shelter from weather did not seem to bother respondents in San Francisco and completing multiple activities ranked the lowest. Clearly it can be seen here that straight path used in Space Syntax type assignments is not an important pedestrian route choice factor and distance, safety and gradient do affect pedestrian journeys significantly.
5.2 Summary

From the analysis of the pedestrian user perception survey data it was clear that sample size of 95 respondents need to be increased dramatically to get statistically significant answers. 

One can also conclude that at the San Francisco site the pedestrians probably showed risk adverse behaviour as they were many tourists accompanied by young children and most of the people did not seem to be in any hurry. 

The administered survey highlighted some of the important issues in pedestrian route choice. Factors such as Shortest Distance and Safety appeared to get high ranking of pedestrians. From the above parameters Safety is one of the most complex parameters to evaluate as it was not clear how pedestrians interpreted the Safety value (for example avoiding accidents or personal injury).

The San Francisco study revealed that pedestrians might not necessarily follow the least obstructive path as used by most pedestrian simulators. It also revealed that pedestrians may decide to wait or disobey the traffic signal based on oncoming traffic volume, their hurry levels and if they are accompanied by kids. Compared to European signalised intersections, which include multiple signal phases, the San Francisco Case study site was simple intersection with little option for alternative route choice or pedestrian movements. Following the initial study a modified survey, targeting a larger sample, was conducted in West Bromwich town centre, West Midlands in UK. The analysis and results of this survey have been used to get a greater understanding of pedestrian behaviour around traffic signals the results of which will be formulated into a route choice model for pedestrians. The results from the survey are presented in the next section.

6. SANDWELL, WEST MIDLANDS PEDESTRIAN PERCEPTION SURVEY
In contrast to the American study, a simultaneous video survey of the study intersections was also done along with the perception survey, which was used to correlate the pedestrian’s stated responses with their actual crossing behaviour. As part of larger regeneration plan, Sandwell Metropolitan Borough Council is planning large-scale redevelopment of West Bromwich town centre. It is anticipated that the large relocation and changes to land use will affect the pedestrian journeys to and from the town centre. Some of the changes include changes to traffic signalling infrastructure. Hence it was not only important to understand the pedestrian routing problem at a strategic (macro) level but also around traffic signals.

With the above objective a pedestrian survey was planned in West Bromwich Town Centre on 22nd February 2006 (Wednesday). The administered questionnaire is given in Appendix 2. The questionnaire was divided into two parts, the pedestrian observation and pedestrian questionnaire separated by a tearable perforation. Both parts of the questionnaire had the same serial numbers, which were used to match the responses with observed behaviour. The questionnaire was administered at 30 pedestrianised signalised intersections in West Bromwich with simultaneous CCTV recordings of the intersections. 

The perforated questionnaire was given to people at random. If the pedestrian was willing to take the questionnaire the interviewers were instructed to fill the observation on pedestrian behaviour and keep the part with themselves. Hence, theoretically, it was possible to get all pedestrian movements recorded. The pedestrians were asked to send the filled questionnaire via freepost. As an incentive the respondents were entered into a cash prize draw of £100. Unfortunately, in the late afternoon the weather turned bad and it started to snow. In order to keep the survey alive for the day, the survey interviewers were asked to abandon the pedestrian observation part of questionnaire. 

In spite of the above problems, more than 3500 questionnaires were distributed. From these 1453 completed pedestrian observations were achieved. After waiting for a period of 3 weeks a total of 366 completed pedestrian questionnaires were revived back in post achieving a sample total of 10.45%. 

6.1 Analysis of responses:

The pedestrian questionnaire could be divided into 5 sections and the observation section. The analysis of the pedestrian responses reported below. 

6.1.1 Pedestrian Observations (Question 4a-5c)

There were a total of 1453 observations made on pedestrian movements from the site. From these observations only 38 matched responses were made with the pedestrian questionnaire. In other words most of the people who returned back the filled questionnaire were unobserved during the survey.  Hence the observations are not necessarily representative of the returned responses.

Unfortunately this was due to the fact that the observation survey was suspended during the latter half of the survey day. An attempt was made to co-relate the returned responses using the CCTV camera footage in the laboratory. But there was no attempt made to tag the pedestrians who were handed the questionnaire. In addition, low visibility in the second half of the survey day made watching the behaviour from CCTV camera recordings difficult. These issues will need to be addressed in such future research.

For a sample size of 1453, almost equal gender distribution of males and females was observed (Figure 6). There was a high distribution of the youth, while the elderly formed only 6% of sample size. Furthermore, almost one third of pedestrians crossed on ‘Red Man’ (Figure 6) or in the ‘Amber’ or in the ‘Blackout period’ (a pedestrian signal with no display, used in UK to discourage new pedestrians from crossing the intersection but indicating those on street to quickly cross the intersection). 

Compared to the American case study site (Figure 1), in UK there was a better distribution of gender but less number of people observed over 60. In UK there was higher violation rate at traffic signals. This is probably due to the fact that at average most the pedestrians had to cross a smaller road in UK (7 meters) compared to 16 meters in US. Additionally, the compliance seemed to be higher in US due to difference in pedestrian behaviour.

Almost one forth of observed pedestrians ran while crossing the intersection. This correlates with a third crossing in the ‘illegal period’. In 27% of cases, the pedestrians had a small time gap between themselves and the vehicles and in 10% of cases, the vehicles stopped to give right of way to the pedestrians. Moreover, in 14% of cases, the pedestrians, avoided the legal designated area to cross the intersection, like guard rails and designated crosswalk areas and took the shortest path to cross (Figure 2).  Compared to the UK pedestrians in the US were more compliant and disciplined at the case study sites (Figure1).

At the West Bromwich sites, most of the observed pedestrians were single adults, while the disabled formed only 1% of the observed sample. Often it is hypothesised that females are more patient than males while crossing traffic lights. Contrary to the above, it was observed that exactly the same percentage of both males and females crossed the traffic light on red period (Figure 8). It was also found that 14% of observed sample ran while crossing on the green man. This meant that these people perceived lack of safe crossing time and had to rush up their speeds to reach safety. 

Once again the above behaviour is quite different from that observed in USA where the pedestrians did not seem to make hasty decisions at traffic lights. Another reason behind this behaviour is perhaps installation of pedestrian countdown timers in USA, which indicate to pedestrians how much green time is left for the pedestrian phase. In UK installation of countdown times is not easy as most of the signals are demand dependent and have variable green times where the green period can be extended based on pedestrian demand.

6.1.2 Information about the walk trip (Question 1a-1c)

53% of pedestrians respondents from the UK sites (Figure 9) were sampled for the survey while going to their usual workplace followed by 20% of respondents who were shopping in the town centre. One case safely argue that the profile of UK respondents was people who were familiar with the sites compared to American respondents who were mainly tourists (Figure1).

6.1.3 Perception of traffic signal settings (Question 3a-3c)

About 19% of the pedestrian respondents from UK found the traffic signals ambiguous on when to cross the intersection and did not understand the signals well (Figure 10). Again there were differences in American responses where almost 48% of respondents found the signals confusing (Figure 2) and this can be attributed to presence of many tourists and perhaps (as stated by some of the respondents) countdown timers, which put people into a dilemma whether to cross or not during the last few seconds of the countdown phase. 

At both UK and US sites only about half of the people found the green time enough to cross the traffic signal (Figure 10 and Figure 3). Again this perception is perhaps due to fixed length of pedestrian green time at most sites. Even though puffin signals in the UK can extend the green time based on pedestrian demand, in this study no attempt has been made to classify behaviour according to different signal types. 

Only one fourth of respondents like to see ‘Red Man – Green Man’ signal sequence and surprisingly 37% of the respondents preferred to seethe American style ‘Walk – Don’t Walk’ signal sequence (Figure 11). Compared to the US sites, where 86% of the respondents like the ‘Walk – Don’t Walk’ signal sequence and none liked to see the ‘Red Man - Green Man - Flashing Green Man’, in UK there exist many variants of signal aspects and sequencing (like the blackout period). This makes interpretation of anything other than clear ‘Red Man – Green Man’ signal sequence ambiguous. 

6.1.4 Intersection crossing behaviour (Question 4a-5c)

When asked under what circumstances pedestrians were willing to cross on a ‘red man’ an overwhelming 60% of respondents expressed that they would cross on red if the oncoming traffic volume was low and only 34% answered that they would cross if it was ‘Red Man’ for a long time (Figure 10, 11 and 12). This figure reduced dramatically to only 5% if the pedestrians were accompanied by children (Figure 12), and to 16% if they were carrying luggage (Figure 12). One can clearly see that most people avoid taking risks of crossing on Red if there is heavy conflicting traffic. Their stated behaviour becomes more cautious when they are accompanied by children and if their mobility is restricted by luggage etc. One can again see more risk taking tendency in the UK responses where only 11% of respondents said that they would never cross on red compared to 29% of American responses (Figure 11 and Figure 2). This can be attributed to behavioural changes, enforcement and intersection design and its size. 

The US survey site showed a greater compliance and adherence of pedestrians to red signal compared to the UK. This was reflected by the fact that in US only 38% of respondents expressed that they would cross on RED if the on coming traffic volume was low compared to 60% respondents in UK. 

The analysis reveals that age, mobility and grouping (pedestrians accompanied by children or heavy luggage) has a significant impact on pedestrian behaviour and routing.  When asked what is characterised as a long and short waiting time at pedestrian signals, 95th percentile of pedestrians in West Bromwich felt that and average of 60 seconds is long waiting time (Figure 13) and an average of 20 seconds is acceptable as short waiting time (Figure 13). These values are important for a traffic signal engineer where he can take these values in signal design process especially where there are large pedestrian flows. Again compared to the US case study the pedestrians were willing to wait longer in the US (long wait on average = 121 seconds – Figure 4). Surprisingly the lower threshold of short waiting period was the same of 20 seconds. However one must note that there is large variation in the US responses (standard deviation of Figure 4) which is probably due to a smaller sample size of the respondents and the study indicates a larger sample size may be required to make statically significant conclusions. In addition a larger variation in responses is probably due to presence of may tourists with different backgrounds from different counties at the San Francisco site compared to office commuters at West Bromwich.
When asked, “what would make pedestrians more patient at traffic signals?” at US site locations countdown timers were the most popular measure compared to push button priority systems in UK (Figure 4 ,13 and 14). At both case locations enforcement fines were the least popular measure.
6.1.5 Route choice behaviour (Question 2)

Not surprisingly both in USA and UK, pedestrians ranked ‘fastest path’ and ‘safety’ as the top two factors affecting their route choice. In UK, the top 3 factors affecting route choice were shortest path and the safest path. This was followed by proper signposting. One can see the importance of street lighting, providing safer streets and signposting directions an important step in encouraging pedestrian activity in town centres.  Contrary to past research, the pedestrians ranked the gradient, the pleasing urban environment and the number of turns or straight path as the least important factors while planning their pedestrian routes (Figure 15). An exactly similar trend in routing behaviour of pedestrians is observed from the American sites (Section 6.1.3), which means that pedestrians in spite of their geographical location decide their pedestrian paths in a similar way. 
7. CONCLUSIONS
One can see from the above study that pedestrians do not behave uniformly at traffic signals. Given the opportunity, most pedestrians would violate the traffic signals and try to cross the intersection in the quickest way. This risk-taking tendency decreases dramatically when their mobility is impaired and especially if children accompany them. 
The pedestrians from the US case study sites appear to be more patient compared to the UK sites. The size of intersection and the volume of traffic are a major attributor to pedestrian behaviour at intersections. At most sites in the US there are no guardrails and pedestrian channelling infrastructure and pedestrians can take the shortest paths while crossing the roads (including diagonal at scramble signals). This pedestrian friendly free path and non-restrictive infrastructure eases pedestrian movements at high volume pedestrian crossings. The safer crossing behaviour is US is primary due to traffic and site condition rather than pedestrian behaviour in general.
An ill designed pedestrian signal goes a long way pushing pedestrians to violate the signals. The traffic engineer has a duty to design pedestrian facilities and signals that take pedestrian demand into account and respond to their needs quickly. From the survey we can see that the average pedestrian waiting time should ideally be limited to a maximum of 60 seconds.  In the absence of local information signage becomes an important variable. Urban designers can use this to create safer pedestrian streets and intersections. 

8. AREAS FOR FURTHER WORK
In the study only a limited number of intersections have been studied in the Birmingham City Region. In the next phase we would like to extend the research to cover more intersections in the country including sites in other urban centres including London. 

In addition to achieving a larger sample size, we will attempt to correlate observed pedestrian movements with their stated responses by tracking the respondents via CCTV.   The pedestrian responses will also be correlated to the infrastructure types like puffin, toucan or pelican crossings.  The results from this extended study will be used to formulate guidelines to aid traffic signal designers in producing pedestrian friendly traffic signals.

A route choice model based on results from the pedestrian responses in the survey will be formulated. This will focus on a microscopic behavioural model considering pedestrian risk taking.  The model will be embedded in a microsimulation model including the simulation of general traffic and road infrastructure such as signals to be used in a more holistic appraisal of road and intersection improvement schemes. 

Finally, a methodology will be developed to include pedestrian movements into the economic appraisal of transport schemes, which will require inclusion of the proposed model of the interaction of pedestrians with traffic signals and all motorised transport systems.
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APPENDIX 1: SAN FRANCISCO PEDESTRIAN SURVEY
San Francisco Pedestrian User Perception Survey
[image: image1.emf]
Name of Enumerator:   ________________

Location:
________________


Date of Survey: ________________


Day of Survey:__________________

1. Type of Intersection: 
( 1) Zebra
( 2) Pelican
( 3) Puffin
( 4) Toucan


2. Weather Condition: 
( 1) Hot
( 2) Sunny
( 3) Fair
( 4) Rainy
( 5) Cold

Please make observations about pedestrian behaviour before asking him questions

 1) Sex:


( 1) Male

(2) Female

 2) Approximate Age:
 to nearest 10’s (e.g. <10, 20s, 50s etc)
__________

 3) How did the pedestrian cross the intersection?

1) Cross on Green Man 

2) Cross on Red Man


3) Cross on Flashing Green 

4) Cross in Blackout Period

 4) Did the pedestrian run cross the intersection to cross the road?

( 1) Yes

( 2) No

 5) If the pedestrian cross of RED MAN what was the gap between traffic and Pedestrian?

( 1) Small Time gap 

( 2) Large Time Gap

( 3) Not Applicable

 6) What was the movement of the pedestrian cross the intersection?

( 1) Legal – through the designated area 

( 2) Straight Avoiding the barricades and fences


( 3) Diagonal across intersection

( 4) Crossed in Blackout Period

 7) Describe the Pedestrian Characteristics:

 1) Unaccompanied Adult 

 2) Unaccompanied Adult with luggage

 3) Accompanied by a child < 5 years old

 4) Accompanied by an adult

 5) Group of more than 2 people

 6) Disabled

 7) On a wheelchair/Scooter

 8) Visually impaired

The following questions need to be asked to the pedestrian after he has crossed the traffic signal.

 1) What is your age?
<20 

20-40 

40-60

>60

(If age is not available describe to nearest 10’s e.g. 20’s; 40s, +65 etc..)

 2) What was the purpose of your journey?

 1) To or from Home - Work

 2) SHOPPING 

 3) MEDICAL APPOINTMENT / HEALTH

 4) EDUCATION

 5) RECREATION

 6) COMPANY BUSINESS

 3) When you crossed the intersection, how did you cross the intersection?

· 1) Only when it was safe to do so

· 2) I was impatient due to long RED 

· 3) On impulse

· 4) I never wait and hate waiting

· 5) Did not notice the Pedestrian signal

 4) When you decided to wait, why did you wait at the intersection?

 1) Danger/Fear

 2) High traffic Volume 

 3) I always wait

 4) Had child or luggage / Movement impaired

 5) Do you feel that the pedestrian traffic signals are clear to understand?

 1) Clearly interpret what is happening

 2) Ambiguous about when not to cross 

 3) The signals are confusing.

 6) Do you think there is enough green time to cross?

 1) Yes



 2) No


 3) Don’t know


 7) How long did you have to wait before crossing at the signals?

 1) 0sec



 2) 1-5 seconds
 


 3) 5-15 seconds


 4) 15-30 seconds


 5) 30-60 seconds




 6) >60 seconds

 8) Would you call this a long or a short wait?

 4) Short


 5) Neither long or short 


 6) Long


 7) Very long/Unacceptable

 9) Will you cross on RED if the on coming traffic is low?

 1) Yes Always



 2) Maybe


 3) No Never

 10) What is the maximum time you are you willing to wait before crossing on a RED, or change you route, if there is high volume of oncoming traffic ______ (sec).

Do you feel this is 

 1) Very Long


 2) Long



 3) Neither long or short 


 4) Short 

 5) Very Short/Cannot wait

 11) How would you define in second the waiting condition at signals? 

 1) ( Long Wait 

_______________ (sec)

 2) ( Neither long or short Wait  
_________ (sec)

 3) ( Short Wait

_______________ (sec)

 12) What would you think would make pedestrians more patent at traffic signals.

 1) ______Push Button Priority


 2) ______education of people about pedestrian priority



 3) ______countdown timers to indicate waiting time



 4) ______enforcement cameras / fines



 13) What type of pedestrian traffic signal phasing you would like to see?

 1) RED MAN 
– GREEN MAN



 2) RED MAN 
– GREEN MAN 
– FLASHING GREEN

 3) RED MAN 
– GREEN MAN 
- BLACKOUT

 4) WALK 
- DON’T WALK

 14) Where would you like the signal to be placed?

 1) Only in front of you



 2) Only in the sight of on coming traffic

 3) Both in front and in the sight of on coming traffic

 15) Would you like to listen to an audible signal with the green man while crossing?

1) ( Yes

2) ( No

 16) Do you find the blackout period confusing?

1) ( Yes

2) ( No

3) ( Don’t Know

 17) Do you suffer from any mobility problems that cause problems for crossing at signals?

1) ( Yes

2) ( If Yes, give details ____
3)( No

 18) Can you rank the factors which affect your path choice in urban environments in ascending order?

I. ______Shelter from adverse weather/ walk in sun


II. ______Fastest path


III. ______pleasing urban environment/Scenic route/not a boring path


IV. ______gradient – uphill / downhill /steps
/flat footpath


V. ______safety/security/street lighting/crime

VI. ______proximity to shops



VII. ______number of obstacles / impedance from other people.


VIII. ______straight path / number of turns

IX. ______less exposure to traffic

X. ______familiarity of the route / signposting

XI. ______completing multiple activities/

XII. other ____

 19) Would you chose a different path if you walk at different time of day? (give examples)

1) ( Yes

2) ( If Yes, give details _____________
3)( No

 20) Would you chose a different path if you walk for different purposes? (give examples)

1) ( Yes

2) ( If Yes, give details _____________
3)( No

APPENDIX 2: WEST BROMWICH PEDESTRIAN SURVEY
[image: image2.wmf]Q1 Gender Distribution

Males

47%

Females

53%

Males

Females


CAPTIONS TO ILLUSTRATIONS

Figure 1: Observed Pedestrian Characteristics (San Francisco)

Figure 2 Traffic Signal Perception (San Francisco)

Figure 3 Traffic Signal Perception (San Francisco)

Figure 4 Traffic Signal Perception (San Francisco)

Figure 5 Pedestrian Route Choice (San Francisco)

Figure 6 Pedestrian Observations (West Bromwich UK)

Figure 7 Pedestrian behaviour observations (West Bromwich UK)

Figure 8 Pedestrian observations (West Bromwich UK)

Figure 9 Pedestrian observations (West Bromwich UK)

Figure 10 Perception to traffic signals (West Bromwich UK)

Figure 11 Stated behaviour at traffic signal (West Bromwich UK)

Figure 12 Will You Cross on Red When … (West Bromwich UK)

Figure 13 Perception to traffic signals (West Bromwich UK)

Figure 14 What will make pedestrians more patient at traffic signals (West Bromwich UK)

Figure 15 Pedestrian Route Choice (West Bromwich UK)
Figure 1: Observed Pedestrian Characteristics (San Francisco)

[image: image3.emf]Q2 Age Distribution

20's

35%

40's

14%

50's

27%

70 or over

1%

Teens

1%

60's

5%

30's

17%

Teens

20's

30's

40's

50's

60's

70 or over

[image: image4.png]Imperial College
London



[image: image5.emf]Sex of Respondents

Male

62%

Female

38%

Male

Female

[image: image6.emf]Age

<20

14%

20-40

48%

40-60

14%

>60

24%

<20

20-40

40-60

>60

[image: image7.emf]Crossing Behaviour

 Cross on Green Man 

76%

 Cross on Flashing 

Green 

10%

 Cross on Red Man

14%

 Cross in Blackout 

Period

0%

[image: image8.emf]Time gap between traffic and pedestrian of crossing on 'Red 

Man'

Small Time gap 

0%

 Large Time Gap

24%

Not Applicable

76%

[image: image9.emf]Movement of Pedestrians

 Legal – through the 

designated area 

86%

 Diagonal across 

intersection

0%

 Straight Avoiding 

the barricades and 

fences

14%

 Crossed in Blackout 

Period

0%

[image: image10.emf]Pedestrians Characteristics

Two or more adults 

19%

Disabled/on a 

wheelchair/scooter, 

single or 

accompanied

10%

Visually impaired 

single or 

accompanied

0%

Two or more adults + 

luggage/child

0%

Two or more adults + 

child

10%

Single

32%

Single + luggage/child

29%

Single + luggage

0%

Single + child

0%


[image: image11.emf]Journey Purpose

RECREATION

71%

To or from Home - Work

14%

COMPANY BUSINESS

5%

MEDICAL 

APPOINTMENT / 

HEALTH

0%

SHOPPING 

5%

EDUCATION

5%

[image: image12.emf]How did you cross the intersection?

Did not notice the 

Pedestrian signal

0%

I never wait and 

hate waiting

0%

I was impatient due 

to long RED 

5%

On impulse

24%

Only when it was 

safe to do so

71%

[image: image13.emf]Are the traffic signals clear to understand?

Clearly interpret 

what is happening

52%

The signals are 

confusing.

5%

Ambiguous about 

when not to cross 

43%

[image: image14.emf]Do you think there is enough green time to cross?

No

48%

Don’t know

0%

Yes

52%

[image: image15.emf]Why did you wait at the intersection

Had child or luggage / 

Movement impaired

0%

High traffic Volume 

24%

I always wait

71%

Danger/Fear

5%

[image: image16.emf]How long did you have to wait before crossing at the 

signals?

30-60 seconds

0%

0sec

48%

>60 seconds

0%

5-15 seconds

24%

1-5 seconds

14%

15-30 seconds

14%

[image: image17.emf]Would you call this a long or a short wait?

Short

53%

Long

14%

Neither long or short 

33%

Very 

long/Unacceptable

0%

[image: image18.emf]What is the maximum time you are you willing to wait 

before crossing on a RED, or change you route, if there 

is high volume of oncoming traffic

<30 Sec

38%

60-120 Sec

14%

30-60 Sec

10%

Forever

38%

Figure 2 Traffic Signal Perception (San Francisco)

Figure 3 Traffic Signal Perception (San Francisco)

[image: image19.emf]What is the maximum time you are you willing to wait 

before crossing on a RED, or change you route, if there 

is high volume of oncoming traffic

120.00

55.38

38.43

30.00

0

20

40

60

80

100

120

140

Minimum Average Stdev Maximum

[image: image20.emf]Will you cross on RED if the on coming traffic is low?

Maybe

33%

No Never

29%

Yes Always

38%

[image: image21.emf]How do your decribe this waiting time?

Very Short/Cannot 

wait

0%

Short 

10%

Long

19%

Neither long or short 

5%

Very Long

66%

[image: image22.emf]How would you define in second the waiting condition 

at signals? 

360

120

60

56.0

105.0

28.2

16.7

30.00

2.00

20.00

121.4

21.0

0

50

100

150

200

250

300

350

400

 Long Wait   Neither long or short Wait    Short Wait

Waiting Condition

Seconds

Min

Max

Average

Stdev

[image: image23.emf]Push Button

education

countdown timers

enforcement  fines

1 Most Popular

2

3

4 Least Popular

0

5

10

15

Frequency of response

Measure

Rank

Ranking of what will make pedestrains more patient at traffic signals

1 Most Popular

2

3

4 Least Popular

[image: image24.emf]Ranking of what will make pedestrains more patient at traffic 

signals

19.05% 19.05%

38.10%

23.81%

33.33%

19.05%

0.00%

47.62%

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

45.00%

50.00%

Push Button education

countdown timers enforcement  fines

Measure

Percent Response

1 Most Popular

4 Least Popular

[image: image25.emf]What type of pedestrian traffic signal phasing you 

would like to see?

RED MAN – GREEN 

MAN

14%

RED MAN – GREEN 

MAN - BLACKOUT

0%

RED MAN – GREEN 

MAN – FLASHING 

GREEN

0%

WALK - DON’T 

WALK

86%


Figure 4 Traffic Signal Perception (San Francisco)
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Figure 5 Pedestrian Route Choice (San Francisco)
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Figure 6 Pedestrian Observations (West Bromwich UK)
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Figure 7 Pedestrian behaviour observations (West Bromwich UK)
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Figure 8 Pedestrian observations (West Bromwich UK)
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Figure 9 Pedestrian observations (West Bromwich UK)
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Figure 10 Perception to traffic signals (West Bromwich UK)
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Figure 11 Stated behaviour at traffic signal (West Bromwich UK)
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Figure 12 Will You Cross on Red When … (West Bromwich UK)
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Figure 13 Perception to traffic signals (West Bromwich UK)

[image: image46.emf]95 percentile responses for Short Wait Duration at Pedestrian Crossings
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[image: image48.emf]Ranking Of what will make pedestrians patient at traffic signals
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Figure 14 What will make pedestrians more patient at traffic signals (West Bromwich UK)
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Figure 15 Pedestrian Route Choice (West Bromwich UK)
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[image: image51.emf]Pedestrian Route Choice Factors (San Francisco Site)
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