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Abstract
Over the past fifty years, there has been ongoing debate about the safety and benefits of zebra crossings. An influential study by Herms in 1972 concluded that painted crosswalks had a higher crash rate than unpainted crosswalks. Following the publication of Herms’ study, many cities and towns removed crossings or refrained from installing new ones. Herms’ study has influenced traffic guidelines and manuals and continues to be referenced by engineers as justification for not installing new crossings.
[bookmark: _Ref56626667]The New Zealand Pedestrian Planning and Design Guide states that standalone zebra crossings have been shown to increase the risk of a pedestrian crash, aligning with Herms’ findings. In New Zealand, engineers either apply warrant criteria or use the Pedestrian Selection Tool[footnoteRef:1] to justify new crossings or determine appropriate pedestrian facilities for the relevant site. While engineers may be hesitant about installing new zebra crossings, communities often demand new or upgraded zebra crossings to resolve local road safety issues. [1:  https://www.abley.com/case-studies/pedestrian-crossing-facility-selection-tool/] 

Despite their safety concerns, zebra crossings are one of the few treatments available that give pedestrians priority when crossing the road, and they continue to be widely used across New Zealand. In an effort to improve the pedestrian environment and enhance accessibility, engineers and urban designers are installing creative and bespoke pedestrian treatments such as courtesy crossings and “crosswalk” art. However instead of tinkering with new and untested solutions, should we seek to address the key problem? Ultimately, engineers and planners are aiming to provide safe and appropriate crossing places for pedestrians that achieve an appropriate and desirable level of service for pedestrians and motorists. Is there an opportunity to focus on identifying ways to improve safety at zebra crossings, a universally recognised pedestrian treatment and one that gives pedestrians right of way, rather than inconsistent and bespoke treatments that create uncertainty and ambiguity?
This paper seeks to understand the deficiencies of zebra crossings in New Zealand by comparing the regulation and design of zebra crossings between New Zealand with Australia and the United Kingdom. It also explores road user attitudes and understanding of various types of pedestrian treatments, with a focus on zebra and courtesy crossings, as well as comparing the visibility of zebra crossings across the three countries.



Introduction
Over the past fifty years, there has been ongoing debate about the safety and benefits of zebra[footnoteRef:2] crossings. An influential study by Herms in 1972 concluded that painted crosswalks in the United States had a higher crash rate than unpainted crosswalks[footnoteRef:3]. Following the publication of Herms’ study, many city traffic departments removed crossings or refrained from installing new ones (McGrane, 2013; Mitman et al., 2008). Herms’ study has influenced traffic guidelines and manuals and continues to be referenced by engineers as justification for not installing new crossings (Zegeer et al., 2005). [2:  While zebra crossings are technically referred as pedestrian crossings in New Zealand, for clarity, the word zebra crossing has been used throughout this paper. ]  [3:  In the many states in the United States, pedestrians have priority across all legs of an intersection, regardless of whether there is a marked crossing or not.] 

However, pedestrians are legitimate road users and provision of facilities to enable them to safely and conveniently cross the road is required. Zegeer (2005) argues the point and states that “pedestrians have a right to cross roads safely, and planners and engineers have a professional responsibility to plan, design and install safe and convenient crossing facilities”. 
The New Zealand Pedestrian Planning and Design Guide (NZ Transport Agency, 2009) references that standalone zebra crossings have been shown to increase the risk of a pedestrian crash, aligning with Herms’ findings. In New Zealand, engineers either apply warrant criteria or use the Pedestrian Selection Tool1 to justify new crossings or determine appropriate pedestrian facilities for the relevant site. Both methods use inputs such as traffic and pedestrian volumes, road geometry, speed data, crash history data and road user delay. While engineers may be hesitant about installing new zebra crossings, communities often demand new or upgraded zebra crossings to resolve local road safety issues (NZ Transport Agency, n.d.). 
Despite their safety concerns, zebra crossings are one of the few treatments available that give pedestrians priority when crossing the road, and they continue to be widely used across New Zealand. In an effort to improve the pedestrian environment and enhance access, engineers and urban designers are installing creative and bespoke pedestrian treatments. Newer types of facilities such as courtesy crossings and “crosswalk” art are increasingly being trialled across the network. However instead of tinkering with new and untested solutions, should we be seeking to address the key problem? Ultimately, engineers and planners are seeking solutions to provide safe and affordable crossing places for pedestrians that achieve an appropriate and desirable level of service for pedestrians and motorists. Is there an opportunity to focus on identifying ways to improve safety at zebra crossings, a universally recognised pedestrian treatment and one that gives pedestrians right of way, rather than inconsistent and bespoke treatments that create uncertainty and ambiguity?
This paper seeks to understand the deficiencies of zebra crossings in New Zealand by comparing the regulation and design of zebra crossings between New Zealand with Australia and the United Kindgom. It also explores road user attitudes and understanding of various types of pedestrian treatments, with a focus on zebra and courtesy crossings, as well as comparing the visibility of zebra crossings across the three countries.
Background
In New Zealand, there are just three locations where pedestrians have priority when crossing the road: zebra crossings, traffic signals and patrolled school crossings. While these treatments enhance access for pedestrians, concerns of the safety deficiencies of zebra crossing are well researched. Herms (1972) and Elvik (2000) both concluded that zebra crossings may give pedestrians a “false sense of security” and reduce their vigilance, whereas Redmon (2003) found that pedestrians generally do not expect drivers to stop for them and so are more vigilant, and are therefore unlikely to assert their priority given the safety risks. The safety deficiencies of zebra crossings are also recognised in the New Zealand Pedestrian Planning and Design Guide (NZ Transport Agency, 2009 – table 6.4), which cites that zebra crossings with no additional physical aid (such as a kerb extension or refuge) have a -28% crash reduction benefit; that is, installing a zebra crossing on its own has been shown to increase the risk of a pedestrian crash.
A review of NZ Transport Agency’s Crash Analysis System (CAS) data for the past 10 years found that there were 166 crashes at zebra crossings in New Zealand resulting in a pedestrian death or serious injury (DSI), and a further 597 resulting in minor injury. Pedestrian DSI crashes account for 13.0% of all DSI crashes, with 5.7% of all pedestrian DSI crashes occurring at zebra crossings. 
Despite their risks, zebra crossings continue to be widely used across New Zealand and are perceived positively by many local communities (Birkenhead Residents Association, 2018; Leighton, 2019; Gisborne Herald, 2018). In an effort to improve their safety, some engineers have modified the layout of zebra crossings. While the design and layout of zebra crossings is specified in the Pedestrian Planning and Design Guide (NZ Transport Agency, 2009),  the Manual of Traffic Signs and Markings (NZ Transport Agency, 2009) and the Traffic Control Devices Manual (NZ Transport Agency, 2008), Road Controlling Authorities (RCA) have some flexibility in using some core elements, including the choice of using a belisha beacon or an orange disc and whether to include the painted diamond as an advance warning to motorists. However, poor compliance to design requirements has prompted Waka Kotahi and predecessors to publish a number of technical notes over the last few decades:
In 1989, Dunn (1989) published a paper providing the background and rationale for a new technical recommendation (TR11). TR11 was introduced by the Land Transport Safety Authority to establish standards for pedestrian crossings in New Zealand as local authorities were experimenting with altering the layout or adding different devices. The paper suggests that New Zealand “traffic engineers were becoming increasingly concerned over the conventional zebra crossing’s poor safety record”, resulting in some engineers trialling alternative layouts with the aim of improving safety. Most of this experimentation was not permitted by traffic regulations at the time nor met minimum requirements. 
In 2006, Land Transport NZ published a Traffic Note 1 (LTNZ, 2006) to highlight the correct layout for pedestrian crossings, as well as relevant road user rules as they were becoming increasingly concerned about poor and incorrect installations of pedestrian crossings.
In 2011, Traffic Note 1 (Rev 3) was updated and reissued again (NZ Transport Agency, 2011) to highlight the requirements and correct installation of pedestrian crossings to RCAs.

Given the negative crash reduction benefit of zebra crossings, engineers have few options left in their ‘toolbox’ to enhance pedestrian access. Mid-block traffic signals and grade-separated crossings are expensive, and kerb extensions and refuges do not give priority to pedestrians, providing them with a lower level of service. There is currently no other available treatment that provides a safe, convenient, accessible and affordable crossing for pedestrians. This problem has led to some local government authorities to be more creative, with many trialling alternative types of pedestrian facilities and treatments. Some local Councils have developed modified zebra crossings, including red crossings (extensively used in Napier and Rotorua), as well as creative zebra crossing elements such as three-dimensional designs and complementary artwork (refer to Figure 2‑1).  
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[bookmark: _Ref24744717]Figure 2‑1: Modified zebra crossings in Napier, Tauranga and Dunedin respectively
In other locations, bespoke pedestrian facilities have been installed with the aim of improving pedestrian access and safety, while ‘crosswalk art’ is increasingly being used by urban designers to enhance amenity and public realm. The aim of this approach is to engage with motorists to slow down and encourage them to take more care when driving through an area with high pedestrian activity. Examples of alternative types of treatments and crossings that have been implemented In New Zealand recently are shown in Figure 2‑2 below.
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[bookmark: _Ref24838277]Figure 2‑2: Examples of bespoke pedestrian facilities 
Platforms are increasingly being used at key pedestrian desire lines. Some of these treatments feature tactiles and hold rails, while the image shown on the right in Figure 2‑3 is used as a patrolled school crossing (kea crossing). These facilities guide pedestrians to use the facility, however these are not the same as courtesy crossings, and nor do they give pedestrians priority. 
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[bookmark: _Ref24745772]Figure 2‑3: Examples of various platform treatments
In areas of high pedestrian activity, pedestrian treatments on platforms are commonly referred to as ‘courtesy crossings”. Courtesy crossings provide a place for pedestrians to cross, and while drivers are not required to stop, it is recommended that drivers are courteous to pedestrians using or waiting to use a courtesy crossing (NZ Transport Agency, 2015). The Pedestrian Planning and Design Guide supports the use of platform crossings, however the design and installation of these is not prescriptive.
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Figure 2‑4: Examples of courtesy crossings
Inconsistent application of these various crossings is creating confusion for pedestrians and motorists alike. Recent media coverage (Edens, 2017; Dine, 2018; Kilmister, 2018) has highlighted the confusion around courtesy crossings, prompting local authorities such as Nelson City (2019) and Hamilton City (n.d.) as well as the Automobile Association (2019) to post information on their websites on how to use them. While proponents of courtesy crossings aim to create ambiguity so road users can negotiate priority, the inconsistent use and application of courtesy crossings means they are not intuitive to use. 
Rather than considering new pedestrian treatments and variations of existing facilities, this paper seeks to determine whether improvements or changes to zebra crossings in New Zealand could be made to improve their visibility, and ultimately their safety. This paper compares the road rules governing the regulation of road user behavior at zebra crossings in New Zealand, Australia and the United Kingdom, as well as a comparison of the differences between the design, layout and core elements of zebra crossings across the three countries. Road user behavior and understanding of priority at different types of pedestrian crossings is tested via a survey of New Zealand Automobile Association (AA) members. 
The AA survey also explores whether New Zealand motorists understand the meaning of the diamond linemarking on approach to the crossing. Anecdotal evidence suggests that some motorists use the diamond as an indicator to determine road user priority. That is, if a motorist arrives at the diamond before a pedestrian reaches the crossing, then a motorist does not have to yield to the pedestrian, which is not legally correct. Varhelyi (1998) reviewed drivers’ speed behaviour at zebra crossings and found that some drivers ‘compete’ for priority, knowing that pedestrians are unlikely to force priority due to the risks involved. This hypothesis is tested in the AA road user survey, which includes a question to determine whether drivers understand the purpose of the diamond.
Methodology
To determine road user attitudes and understanding of different types of pedestrian treatments, as well as any potential deficiencies of zebra crossings in New Zealand, a number of research methods and approaches were adopted including:
A comparison of the regulation of zebra crossings in New Zealand with those in Australia and United Kingdom to understand key differences and determine whether this may influence road user behavior.
A comparison of the core elements and layout of zebra crossings in New Zealand, Australia and United Kingdom to understand whether these may influence visibility or compliance.
A survey distributed to 20,000 randomly selected Automobile Association members to explore participants’ understanding of:
road user priority; 
knowledge of specific road rules relating to zebra crossings;
awareness of core elements of zebra crossings; and
awareness and understanding of courtesy crossings.
Further details of each aspect of this research is provided as follows. 
Results and Discussion
Zebra crossing regulation
A comparison of road rules relating to zebra crossings was undertaken for three countries (New Zealand, Australia and the United Kingdom). The review initially included the United States, however the laws vary between US states, and pedestrian priority is substantially different compared to the other three countries. In many US states, any extension of a footpath beyond the kerb is considered a ‘crosswalk’, where drivers must give priority to pedestrians regardless of whether the crossing is marked. Given this difference, the literature review focused on just the three test countries.
New Zealand 	
In New Zealand, there are provisions in the Land Transport (Road User) Rule (10.1) 2004 for pedestrian priority at pedestrian (zebra) crossings as follows: 
10.1 (1) A driver approaching a pedestrian crossing must:
(a) give way to pedestrians, and to riders of wheeled recreational devices or mobility devices:
(i) on the pedestrian crossing; or
(ii) obviously waiting to cross it; and
(b) if necessary, slow down and stop the driver’s vehicle for that purpose.
Note that the Land Transport (Road User) Rule is regularly updated. Prior to 2009 this Road User Rule did not include Part (1)(a)(ii), that is the reference to “obviously waiting to cross it”. This means that 10 years ago, drivers were only required to give way to pedestrians while on the crossing, but not for anyone obviously waiting to cross. 
A road user rule (11.5) also applies for pedestrians at zebra crossings to ensure they provide sufficient warning for a motorist to yield prior to entering a pedestrian crossing. The rule states that a pedestrian must: 
“not suddenly enter a pedestrian crossing when an approaching vehicle is so close to the pedestrian crossing that the driver of the vehicle is unable to give way to the pedestrian.”
Australia
The Australian Road Rules (ARR) have some subtle differences in their give way rule at pedestrian crossings, emphasising that a driver must be prepared to stop on approach to a pedestrian crossing:
“ARR 81: Giving way at a pedestrian crossing 
(1) A driver approaching a pedestrian crossing must drive at a speed at which the driver can, if necessary, stop safely before the crossing.
(2) A driver must give way to any pedestrian or bicycle rider on or entering a pedestrian crossing”
Unlike New Zealand, there is no equivalent rule for pedestrians when entering a pedestrian crossing in Australia, however ARR 236 provides an overarching general rule, where “A pedestrian must not cause a traffic hazard by moving into the path of a driver”.
UK	
In the United Kingdom, motorists are not obliged to give priority to a pedestrian waiting to cross a pedestrian crossing. However, drivers are encouraged to look out for pedestrians and be ready to slow down. Unlike Australia and New Zealand, pedestrians have priority only once they have stepped out onto the road. Rule 195 of the UK Highway Code states: 
“As you approach a zebra crossing:
· look out for pedestrians waiting to cross and be ready to slow down or stop to let them cross
· you MUST give way when a pedestrian has moved onto a crossing”
Summary
The road rules from New Zealand and the United Kingdom share similar language and intent, however the Australian rule has a key subtle difference, stating that motorists must to be prepared to stop on approach to a zebra crossing. The Australian rule puts the onus on the driver, advising motorists to be proactive and reduce their speed when approaching a zebra crossing. For New Zealand drivers, the requirement to give way to a pedestrian obviously waiting to cross is a relatively new addition to the road rules. It is likely that some drivers in the community are not aware of these changes and may not give priority to pedestrians waiting to cross at zebra crossings.
The inclusion of a specific road rule in New Zealand that governs pedestrian behaviour at zebra crossings in New Zealand is intended to reduce crash risk, however it also introduces ambiguity about road user priority. The additional road rule for pedestrians reduces a drivers’ responsibility to yield to pedestrians. The power ratio between road users (Sucha et al., 2017) is heavily skewed towards the motorist as they have the power to kill or injure, while a pedestrian is unlikely to assert their priority due to the threat of injury. 
Design and layout of zebra crossings
A review of the design and layout of zebra crossings in New Zealand, Australia and the UK was undertaken to understand the key differences in the core elements of zebra crossings that may impact on visibility or compliance. Images of typical zebra crossings in the three countries are shown in Figure 4‑1 below.
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[bookmark: _Ref24748303]Figure 4‑1: Images of zebra crossings in New Zealand, Australia and UK respectively
A summary of the key differences between the design elements that make up zebra crossings in the three countries in Table 4‑1 below. Additional detail, and a discussion of these differences is provided below.



[bookmark: _Ref24753604]Table 4‑1: Summary of zebra crossing design elements in New Zealand, Australia and the United Kingdom
	
	New Zealand (MOTSAM, 2010)
	Australia (MUTCD, 2009)
	United Kingdom (DoT, 1995)

	Bar markings (length)
	≥ 2 metres long
	3 - 6 metres long
	2.4 – 10 metres long

	Bar markings (width)
	300mm white stipe with 600mm gap300
600




	600mm white stipe with 600mm gap600
600


	Similar to Australia. Each stripe of equal thickness: 
500- 715mm wide

	Advance warning
	White painted diamond (now optional)
	Two zig zag lines on either side of the lane (designates no parking)
	A single zig zag line in the middle of the lane

	Beacon
	Flashing belisha beacon or orange disc
	n/a
	Flashing belisha beacon

	Parking restrictions
	> 6m (8-15m preferred) of no stopping lines on upstream approach.
	Minimum of 20m on the approach and 10 m on the departure side (for crossings without kerb protrusions)
	15m - 35m on both sides of the crossing


Bar Markings
The white bar markings are the most universal element of zebra crossings, as well as being one of the most visible. The width of the white bar markings is likely to influence the visibility of the crossing. Table 4‑1 above, and the images in Figure 4‑1 reveal that the bar markings in New Zealand are half the width of those in Australia and the UK, but each marking is painted the same width apart (~600mm). This is likely to influence the contrast and visibility of the crossing.
Advance Warning
New Zealand is one of a few countries to use a painted diamond symbol as an advance warning linemarking of a zebra crossing. In the US and Canada, the diamond symbol is often used to depict a High Occupancy Transit Lane (HOT) or a bicycle lane. Australia and the UK both use zig zag line marking at zebra crossings, although their meaning is different. In Australia, the zig zag linemarking is used as an advance warning of a zebra crossing ahead, as per the diamond in New Zealand. In the UK, zig zag linemarking is used on both sides of the road and either side of the crossing to denote areas of no parking. 
In 2004, a trial of pedestrian zig zag linemarking was approved in Auckland in 2004 as Land Transport NZ was concerned that motorists did not clearly understand the purpose of the diamond symbol used. There were no conclusive safety benefits at the trialled locations, and the option was subsequently not approved for use in New Zealand. 
Beacons
Flashing Belisha beacons were a standard feature of all zebra crossings in New Zealand up until the 1990s, before the orange disc was introduced as an alternative. There are no firm rules about which option to choose, although the draft Traffic Control Devices Manual Part 5 (NZ Transport Agency, 2018) provides some guidance, recommending “it is better to use belisha beacons where there are a lot of urban signs and light clutter”.
The orange disc was considered more conspicuous than a non-illuminated beacon, however a survey completed by 31 RCAs on the issue (NZ Transport Agency, 1999) found concerns with the impact of orange discs at night and their continued visual impact once weathering had taken place. Results from the survey also ascertained that flashing belisha beacons were a maintenance problem, with at least one Belisha beacon not operating at 16% of pedestrian crossings that featured the beacons. 
Parking 
Of the three countries, New Zealand is substantially more permissive in allowing parking close to a zebra crossing, with a minimum requirement of just six metres of no stopping lines on the upstream approach (although 8 to 15 metres is preferred). However, the proximity of parked vehicles impacts on the drivers’ sightlines, making it difficult to see pedestrians waiting to cross. MUTCD (2009) states that the primary way to achieve adequate sight distance between approaching vehicles and pedestrians is “by means of parking restrictions near the crossing”. While multiple variables including the width of the road, operational speeds, the provision of kerb extensions and the height of adjacent parked vehicles influence the ability of a motorist to see a pedestrian and stop in time, Dunn (1989) highlights that the most significant safety problem at pedestrian crossings is vehicles parking too close to crossings and restricting visibility.
AA Member Survey 
A survey was sent out to 20,000 Automobile Association members in September 2019, with 1179 members completing the survey (5.9% a response rate). Surveying members from the Automobile Association was considered appropriate to understand road user attitudes and understanding of priority at crossings, as nearly all members drive (99.1% of respondents stated that they had a driver licence). 
The aim of the survey was to explore participants’ understanding of:
· road user priority at common and bespoke pedestrian crossing facilities;
· knowledge of specific road rules relating to zebra crossings;
· familiarity of core elements of zebra crossings and understanding of the diamond linemarking; and
· priority at courtesy crossings, and experience using these crossings.
The survey questions were designed primarily to understand whether participants understood road user priority at different types of pedestrian crossing facilities, as well as self-reported behaviour at zebra and courtesy crossings. Two questions were also included to test the hypotheses that some motorists use the advance warning diamond symbol to ‘compete’ for priority at zebra crossings. Anecdotal evidence suggests that some road users believe that the symbol serves as a guide for whether a motorist needs to give way to a pedestrian, where if a motorist passes the diamond before a pedestrian arrives at the crossing, then the pedestrian must yield to the motorist. 
Road user priority
Survey participants were shown 10 photographs of various types of pedestrian treatments and were asked whether the pedestrian or motorist was meant to give way. Participants could also select a ‘not sure’ response. Table 4‑2 shows the percentage of respondents who selected the wrong answer or were ‘not sure’ which road user had to give way.
[bookmark: _Ref24753337]Table 4‑2: Road user priority survey results
	Pedestrian Treatment
	Incorrect answer
	Not sure
	Total

	Zebra crossing
	2.1%
	0.1%
	2.2%

	3D Zebra Crossing
	2.0%
	0.2%
	2.2%

	Refuge island
	3.7%
	0.8%
	4.6%

	Shared zone
	55.0%
	11.4%
	66.4%

	Courtesy crossing 1
	21.6%
	3.9%
	25.5%

	Courtesy crossing 2
	25.8%
	6.1%
	31.9%

	Cross walk art 1
	18.5%
	18.0%
	36.5%

	Cross walk art 2
	11.1%
	16.5%
	27.6%

	Bespoke school zone
	39.4%
	8.7%
	48.1%

	Threshold treatment
	24.5%
	3.9%
	28.4%


The data highlights that most people understand road user priority at traditional pedestrian treatments such as zebra crossings and refuge islands. However, the results confirm that many of the participants did not understand road user priority at many of the less common or bespoke treatments. The types of facilities that were considered the most ambiguous were the shared zone and the school zone (refer to Figure 4‑2). 
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[bookmark: _Ref24753431]Figure 4‑2: Images of the shared zone (L) and school zone (R) used in the AA member survey
Shared zones are a relatively new and uncommon treatment in New Zealand, however generally the urban design of these zones promotes a low speed environment by removing separation and regulation. The concept of creating confusion and ambiguity was championed by Hans Mondermann who trialled removing signs and traffic controls (known as naked streets) and found that drivers became uncertain and therefore more alert and accommodating (Johnson, 2017). 
The school zone treatment is one of several bespoke treatments that form a gateway cordon around a cluster of five schools in central Dunedin, with the aim of reducing vehicle speeds and improving pedestrian safety (DCC, 2019). The gateway cordons were temporary treatments that are now being fitted with permanent kerb protrusions and refuge islands. 
Survey participants were asked which types of path users, including those using mobility and wheeled recreational devices (such as scooters, skateboards and e-scooters) had priority at zebra crossings. The results were as follows:
Pedestrians							99.6%
Person riding a bicycle					65.9%
Person riding on a kick scooter				75.1%
Person riding on an e-scooter (e.g. Lime scooter)	68.7%
Skateboarders						74.4%
Person riding on a mobility scooter			93.2%
Overwhelmingly, most respondents were aware that pedestrians, and to a lesser extent a person using a mobility scooter had priority at zebra crossings. However, between 25 to 30% of respondents were unaware that a person on a scooter, e-scooter or skateboard also has priority. A person riding a bike does not have priority at a zebra crossing, however nearly two-thirds of respondents considered that drivers had to give way to a cyclist riding across the crossing. 
At a zebra crossing with a raised median refuge in the middle, motorists are only required to give way to a pedestrian on the same half of the crossing as the motorist. Nearly 60% of survey respondents were familiar with this rule. While 37.1% of responses thought that the pedestrian had to finish crossing the road, driving courteously in the vicinity of zebra crossings results in a safer and less hostile environment. 
Elements of zebra crossings
Several questions were included in the AA member survey to gauge the understanding, visibility and preferences of core elements of zebra crossings. Images of the advance warning signs used in four countries were shown to participants, who were asked to determine which sign they thought best depicted a zebra crossing (refer to Figure 4‑3). Nearly 95% of respondents selected the New Zealand sign (second from left in Figure 4‑3). This is not surprising, given that the respondents largely live in New Zealand and this is the sign people are most exposed to and familiar with. Of interest is that the New Zealand sign depicts the infrastructure, that is the crossing itself, whereas the signs from the other three countries portrays the user. 
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[bookmark: _Ref24839822]Figure 4‑3: Zebra crossing signs from UK, New Zealand, Australia and the US
Survey participants were shown images of the core elements of zebra crossings and asked how often they noticed each, on a scale of 0 (never) to 5 (always). By calculating the number of responses at each point of the scale, it is possible to determine the relative ‘noticeability’ ranking of each element.



· Painted stripes				Most noticeable
· Zebra sign
· Belisha beacon
· Orange disc
· Painted diamond
· Black and white striped pole			Least noticeabile
It is not surprising that the painted stripes are the most visible element of a zebra crossing as they are located in the drivers’ line of sight. The yellow warning sign as well as the orange beacon or disc are also relatively noticeable as they are bright and intentionally contrasting to enhance visibility of the crossing. The painted diamond is an optional treatment and not used at all crossings, while the black and white striped pole is located on the kerb in the drivers’ peripheral vision. 
Survey participants were specifically asked about the purpose of the diamond linemarking on approach to a zebra crossing. Responses were as follows: 
	1. To provide a guide for who should give way i.e. if a motorist passes the diamond before a pedestrian gets to the crossing, then the pedestrian should give way
2. To provide a guide for motorists to ensure they are driving in the middle of their lane
3. To alert drivers that there is a zebra crossing ahead
4. I don't know	
	18.4%

0.3%
73.7%
7.7%


While most participants understood that the purpose of the diamond was to alert drivers of a zebra crossing ahead, 216 participants believed that the purpose of the diamond was to provide a guide to determine road user priority. A one-tailed t-test was used to determine whether there was a significant difference between the number of responses received for the correct answer (answer 3) and the answer relating to drivers competing for priority at zebra crossings (answer 1). The t-statistic was statistically significant (p<0.0001), determining that the number of participants providing answer 1 was statistically significant. 
This supports the theory that some drivers do use the diamond as an indicator of priority, which may influence their behaviour when driving towards a zebra crossing. This aligns with the study by Varhelyi (1998) who concluded that some drivers compete for priority at zebra crossings. Slowing down to give way to pedestrians punishes the driver with loss of time as well as inconvenience, while accelerating rewards the driver with priority. Drivers expect the pedestrian to stop, as pedestrians are unlikely to compete due to the personal risks involved. In his research, Varhelyi found that three quarters of drivers maintain the same speed or accelerate on the approach to zebra crossings, signalling that they do not intend to give way to pedestrians.
Further analysis of these results using a chi-square test found there was no statistical difference between responses from males and females (p=0.086), however there was a statistically significant difference in responses received from those under 55 years compared to those over 55 years (p=0.034). Just over 20% of under 55 year olds assumed the purpose of the diamond was to determine road user priority, compared to 16.7% of over 55 year olds. 
Note that the comparison of people aged above and below 55 was used throughout the analysis of results as it was the median age of survey respondents. While this is substantially higher than the median age of the New Zealand population (37 years), those aged under 16 are not legally allowed to drive, and therefore are unlikely to have participated in the survey. Removing this subset of the population means that the median age of the driving population is likely to be close to 55 years.  
Courtesy Crossings
Three questions about courtesy crossings were included in the survey. The first question related to driver behaviour at courtesy crossings where participants were asked, “When driving, do you give way to pedestrians at courtesy crossings?”. Responses were as follows:
· Yes							33.7%
· No							9.8%
· Sometimes						36.4%
· Only if the pedestrian has already started crossing	20.1%
Respondents were subsequently asked which road user has to give way at a courtesy crossing. Responses were as follows:
· Person using the crossing				63.3%
· Driver or rider using the road				15.4%
· They have to work it out between them		15.3%
· I don’t know 						6.0%
The variation in responses to both questions demonstrates that priority at these crossings is unclear. However, the ambiguity is intentional, with the NZ Road Code (the official user-friendly guide to New Zealand’s traffic law and safe driving practices) stating that while courtesy crossings are “not official pedestrian crossings, they do provide a place for pedestrians to cross. Drivers should be courteous to pedestrians using a courtesy crossing” (NZ Transport Agency, 2015). The intention at these sites is that road users ‘negotiate’ priority, for example by using eye contact and body language. This is based on the ‘naked street’ concept championed by Mondermann (Speck, 2018) that is widely used in the Netherlands and other parts of Europe. However, woonerfs work because the car is considered a guest in the environment, with traffic speeds reduced to near walking speed. The principles of naked streets are applied consistently and are well recognised across the Netherlands; the onus of legal liability is also heavily weighted against the motorist in crashes with vulnerable road users (Slimmen and Van Boom, 2017).  
By contrast, courtesy crossings in New Zealand are often installed as a standalone feature located in a busy urban environment on a pedestrian desire line, rather than forming part of a wider traffic calming scheme. Courtesy crossings don’t emphasise the car as a guest in the environment, as vehicle priority along the remainder of the corridor is clearly demarcated using standard markings, kerbs and traffic control devices. Courtesy crossings are sometimes used in 50km/h zones and the New Zealand Road code does not stipulate that they have to be installed on raised platforms. Higher speed environments make it difficult for road users to establish eye contact and negotiate priority. Yet the safety benefits of platform crossings are estimated to provide a potential crash reduction of 80% (NZ Transport Agency, n.d.).
In 2006, Quimby and Castle undertook a review of ‘simplified streetscape schemes’ which use ambiguity as a traffic management scheme. Their findings were that results varied between schemes, and there was no single successful model that could be replicated. In some locations, drivers gave priority, while others required pedestrians to ‘force control’. While the review found that road users can safely interact in less regulated spaced, there were frequent observations of confused priority, where road users were not aware of who had priority. 
Courtesy crossings are not specifically defined (nor referenced) in the current Pedestrian Planning and Design Guide, although guidance for the layout and siting of pedestrian platforms is included. However, the New Zealand Road Code states “Courtesy crossings are usually made of bricks or paving and are often raised above the level of the road” (NZ Transport Agency, 2015), suggesting that they don’t have to be installed on raised platforms. Three examples of pedestrian crossings in central Dunedin are shown in Figure 4‑4 below. These crossings are located within 300 metres of each other and highlight the different and inconsistent treatments used within a single city. The photo on the left depicts a ‘conventional’ courtesy crossing, which is located on a strong desire line with high pedestrian flows and features a brick paved area positioned on a raised platform. 
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[bookmark: _Ref24753529]Figure 4‑4: Courtesy crossings at Great King Street (1) Bus Hub (2) George Street (3) 
[bookmark: _Hlk24577755]Discussions with the local authority traffic engineer (H. Poulson, pers.com., 2019) confirmed that this crossing provides a good level of service for pedestrians, with many drivers demonstrating courteous behaviour towards pedestrians. However, the other two crossing points shown in Figure 4‑4 are at-grade, yet both feature kerb protrusions and drop kerbs, communicating to pedestrians to cross at these locations. The crossing at the Dunedin bus hub (image 2) even includes tactile pavers, directing people with visual impairments to cross here. The crossing on George Street (image 3), Dunedin’s main shopping street, has a poor level of service, lacks visibility and contrast with the surrounding environment, and does not send any cues to the motorist to slow down. Pedestrian movements are dispersed across George Street meaning that desire lines are not strong nor well defined. 
As the second and third images in Figure 4‑4 are at-grade, it is unclear what they are and what their purpose is. They could be considered courtesy crossings as the New Zealand Road Code suggests that courtesy crossings do not have to be raised, however they do not encourage slower speeds and motorists are unlikely to be ‘courteous’ to pedestrians. The variation in the types of treatments used makes it difficult for road users to understand how to interact with these treatments. If the community is having to be educated about how to use courtesy crossings, adding crossings with similar features but a different purpose will add confusion and heighten the pedestrian crash risk. 
In addition, the road rules in New Zealand specify that one road user does actually have priority over the other, giving the motorist a choice as to whether to give way to a pedestrian at a courtesy crossing. This choice is validated by the mixed responses given by participants when asked whether they give way to pedestrians at courtesy crossings when driving. This is reinforced in the subsequent question, where nearly two thirds of survey participants correctly answered that the pedestrian has to give way to a motorist at a courtesy crossing. However, the Road Code states that drivers should be courteous to pedestrians at courtesy crossings. Yet only 15% of participants responded that road users need to “work it out between them”, or negotiate priority, which, while not the technically correct answer, is the desired intent of courtesy crossings.
Analysis of the results from both questions was performed using a chi-square test and found that there was no statistical difference between responses from males and females (p=0.73 and p=0.347 respectively), however there were statistically significant differences between those under and over 55 for both questions (p=0.0001 and p=0.039 respectively). 
The third question related to courtesy crossings sought to understand whether road users felt safe using courtesy crossings. Just over 40% of respondents stated that they did not feel safe. Analysis of age and gender differences found 45.1% of females stated that did not feel safe at courtesy crossings, compared to 39.7% of men, while 57.5% of respondents under 55 considered them unsafe compared to 45.2% of over 55 year olds. 
A chi-square test was performed to test whether the difference in responses between age and gender were statistically significant; for gender, p=0.032, and for age (under and over 55), p=0.0001 highlighting that differences between responses based on age and gender were statistically significant. This aligns with research that women are generally more risk averse than men (Borghans et al., 2009), however surprisingly the survey results revealed that more people under 55 considered them unsafe compared to over 55 year olds, who are more risk averse than younger people (Grubb et al., 2016).
Conclusion
This research paper explores whether there may be opportunities to improve zebra crossings in New Zealand by undertaking a comparison of the design and regulation of zebra crossings in New Zealand, Australia and the UK. The paper also examines understanding of road user priority at various types of pedestrian treatments. 
The review of road user rules in the three test countries found subtle differences between road rules relating to zebra crossings that are likely to influence driver behaviour. In Australia, motorists must be prepared to stop on approaching zebra crossings, encouraging motorists to proactively reduce their speed. Changes to the road rules in New Zealand 10 years ago may mean that some drivers may be unaware that they must give priority to pedestrians waiting to cross at zebra crossings. New Zealand is also the only country of the three test countries that also included a rule governing pedestrian behaviour at zebra crossings. 
The key findings from the comparison of design elements was that the white bar markings of zebra crossings in New Zealand are half the width of those in the UK and Australia. Similarly, parking provision in the vicinity of zebra crossings is the most permissive in New Zealand. The proximity of parked vehicles to zebra crossings is a key factor in restricting the visibility of pedestrians waiting to cross. 
The deficiencies of zebra crossings are well researched, however there are clearly affordable improvements that could be implemented that may provide safety benefits. It is recommended that a linemarking trial using the Australian zebra crossing layout is implemented to monitor safety improvements. A review of the road rules relating to pedestrian and driver behaviour could also be considered. 
Analysis of AA member survey results confirm that there is a poor understanding of road user priority at some of the less traditional pedestrian treatments. Priority at shared zones was poorly understood, as was the bespoke school zone treatment and at sites that used cross walk art. Responses relating to driver behaviour and understanding of priority at courtesy crossings were variable, highlighting that these crossings are ambiguous. Over 40% of respondents also stated that they felt unsafe using courtesy crossings. Road user understanding of the diamond symbol was also explored. While most respondents provided the correct answer, nearly 20% of participants stated that its purpose was to provide a guide for priority. The response was statistically significant and supports the theory that some drivers use the diamond to compete for priority. 
Traditional traffic engineering principles of ‘segregate and regulate’ are being challenged with new design philosophies that aim to create ambiguity. This research demonstrates that road users are unclear about how to interact with these facilities. While creating uncertainty may be the point of these treatments, some users are feeling unsafe using them. It is recommended that some design guidance for courtesy crossings is developed to provide engineers, planners and urban designers with some parameters around their design, use and implementation.    
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