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Abstract
Federal roads in Malaysia are one of the most travelled routes after expressways.
However, unlike expressways, these main arterial roads acting as connectors
between cities and towns are often built alongside residential areas thus generating
pedestrian activities. The presence of at-grade unsignalised pedestrian crossings on
roads with drastic changes in traffic patterns or upgraded roadways is a concern
that requires attention to. In the light of the above statements, there is a need to
study the Malaysian scenario on speed at unsignalised pedestrian crossings.
Marked crossings generally only improve safety where there is sufficient pedestrian
and traffic flow to result in significant numbers of pedestrians making risky crossings
when the marked crossing is absent. For example, Ward, 1992, (quoted in Ogden,
1996) suggests on the basis of British data that installation of refuges near
pedestrian generators can reduce pedestrian accidents by as much as 60%, but
where they are introduced at uncontrolled intersections, even for safety reasons,
accidents are only reduced by 10%; if no safety reasons exist, accidents can
increase. But risk at marked crossings is also very dependent on drivers respecting
the need to stop for pedestrians, which should match the operating speed of the
environment.
This study covers all of the four unsignalised pedestrian crossings on a primary
arterial road, Federal route F005. Findings show that there are significant
differences of vehicle speeds at the four unsignalised crossings. Mean speeds of
vehicles were found to be lower in urban areas (60 km/h) as compared to rural
areas (77 km/h), incidentally also school areas. In comparing the number of lanes,
average speed differs significantly between two lanes and four lanes, where speeds
were recorded to be lower at crossings on two lanes roads (65 km/h versus 73
km/h). For vehicle class, mean speed of passenger vehicles was found to be
significantly higher (more than 70 km/h at three of the locations) than other
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vehicles (below 70 km/h) at all locations. In terms of presence of pedestrians, both
urban and rural areas recorded higher mean speeds during presence of pedestrians,
the figure is being significant for urban areas (p<0.001). Mean speeds for both areas
in both situations of presence and non-presence of pedestrians, however, were
within the gazette speed limit.
Analysis on speed limit violations revealed that at all four locations; speed limit
violations were less in presence of pedestrians. In the presence of pedestrians,
speed limit violations were also significantly lower on both sites with two lanes
carriageway (11% compared to 47%%), and in comparing area type, the percentage
of speed limit violations were higher in urban areas (51%) compared to rural areas
(19%), possibly due to the lower speed limit set in these areas.
In conclusion, the overall findings of speed of vehicles approaching zebra crossing
on federal road reveals that although majority of the vehicles were traveling within
the posted speed limit, speed of vehicles at all crossing approaches, as well as on
crossing were no where near the safe speed for pedestrians of 30 km/h or even 50
km/h (Pasanen, 1992). Similar findings are expected to be seen on roads designed
for high speed traffic (i.e. primary roads that are non residential roads). In this, the
review of speed patterns on roads is pertinent in the placement of type of
pedestrian crossings. This is reflective in the instances when roads are upgraded or
receive heavier traffic, necessary changes are required for the provision of
pedestrian facilities. In consideration that only four unsignalised crossings were
recorded along F005 in Selangor, it is, therefore advisable that these crossings are
given consideration for upgrades to signalised crossings, or in cases where
pedestrian volume is low and almost non-existent, these locations may instead use
the uncontrolled crossing.
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1.

Introduction

In most countries, emphasis is being placed on non-motorised modes of transport
such as walking and cycling for short trips. This mode of transport is more healthy
and environmentally friendly than motorised modes. Aside from contributing to the
cleaner environment, this form of transportation supports safer streets. Walking as
a means of transportation is a mode used by most of the trip makers today for a
percentage of the journey, be it walking from the parking lot to the office, to places
of worships, or event as the only mode for the entire trip.
Despite the many advantages to walking mode of transportation, it is still
considered a risky undertaking. Although in Malaysia, pedestrian casualty makes up
less than 10% of overall road crash fatality (PDRM, 2012), road safety statistics
indicate pedestrians as the most vulnerable road user group. The occurrence of
pedestrian fatality on roads are due to higher exposure to vehicular traffic,
especially when crossing; and the inability of pedestrians’ bodies to absorb impact
energy during crashes.
Urbanisation process often lead to increasing in vehicular activities. The changes in
traffic volume may also affect the speed of vehicles. In retrospect, these changes in
traffic pattern may lead to the upgrading of roads which may neglect the same
upgrades given to pedestrian facilities. Various Federal Roads have had upgrades to
cater for the increase in traffic volume. The Federal Road 5, F005 is one of the main
federal roads that sees enhancement such as upgrading from two-lane carriageway
to a four-lane carriageway, from an undivided road to a divided road. Despite
upgrades, unsignalised pedestrian crossings, also known as zebra crossings are still
used on these segment of roads.
Unsignalised crossings are places where pedestrians can legally cross at grade (i.e.
same level) as motorised vehicles. They are usually marked by black and white
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stripes on the pavement and could be at intersections or mid-block. In Malaysia
however, other colours such as yellow, are used instead of white.
The selection on the most appropriate pedestrian device in regards to traffic
function of roads is commonly based on road layouts and speed limits of the roads.
For example, according to the New Zealand Transport Agency, two-lane two-way
undivided roads with a speed limit of 60 km/h and below, use of zebra crossings are
generally advised. However, unsignalised crossings are seen to be unsuitable for a
four-lane two-way road with or without a median separator (Tate, 2007).
In JKR Nota Teknik (Jalan) 18-97, a similar guide for the selection of the most
appropriate type of pedestrian crossing facility is used (PWD, 1997). While the
general guideline in the Guide on Geometric Design of Roads states that the general
guidelines for determining type of crossing required may be based on judgement
when the necessary items such as pedestrian volume or traffic volume does not
meet required count (PWD, 1986).
For the purpose of this study, the conventional unsignalised crossing is defined by
only alternate transverse white (or yellow) pavement marking across the roadway
without the presence of additional traffic control devices or engineering
modification. The proportion of drivers who speed through these areas is found to
be a concern for these crossings. Varhelyi (1998) noted that majority of drivers
either maintained or increased their speed when approaching a unsignalised
pedestrian crossing in the presence of a pedestrian whereas the yield rate to
pedestrians at mid-block zebra crossings were recorded to be as low as 5%.
Federal roads in Malaysia are one of the most travelled routes after expressways.
However, unlike expressways, these main arterial roads acting as connectors
between cities and towns are often built alongside residential areas thus generating
pedestrian activities. As the country develops, its road use also evolves; for example,
the number of vehicles on the road where for the past 10 years, there has been
100% increase in the number of registered vehicles, reaching 10 million in 2013.
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While road upgrades often accommodate the evolvement of traffic scenario; less
concern is paid to upgrade of pedestrian facilities.
The presence of at-grade unsignalised pedestrian crossings on roads with drastic
changes in traffic patterns or upgraded roadways is a concern that requires
attention. In the light of the above statements, there is a need to study the
Malaysian scenario on speed at unsignalised pedestrian crossings.

1.1

Objectives

The general objective of this study is to study motorist’s speed approaching
unsignalised pedestrian crossing on Federal Road in Selangor.
Specific objectives:
i.
ii.
iii.

To study speed profile at a varying distance at unsignalised pedestrian
crossings;
To compare actual speed approaching unsignalised pedestrian crossings
with posted speed limit;
To determine the mean speed and speed compliance by various engineering
characteristics.
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1.2

Scope and Limitation

The scope of the study is as evaluating the speed of vehicles in the following
circumstances:
i.
ii.

The area of study covers Federal Route F005 in the state of Selangor;
Targeted area of data collection is unsignalised marked pedestrian
crossings.

This study requires the use of staged crossing exercises to obtain unbiased sampling.
Due to the safety and health requirement, actual crossing for staged crossings was
unable to be carried out at high risk and dangerous locations (PC1 – Simpang Lima)
whereby crossers were instead instructed to stand at the edge of the road with the
body language of wanting to cross the road.
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2.

Literature Review

Each trip made, begins and ends as a pedestrian trip – whether walking from the
house to the bus stop or from the car park to the office. In creating engineering,
education and enforcement solutions to pedestrian safety, analysis of the
pedestrian-motor vehicle interaction provides an important insight.
Pedestrian crossings are a form of continuation for footpaths that connects a
segment of a footpath to the next. It is, however, a high conflict area where when
the crossing is at grade, pedestrians and vehicles are high at risk to collide.

2.1

Pedestrian Crash Scenario in Malaysia

In the recent five years, the number of road related fatalities have been at a plateau
at a figure of approximately 6700 deaths a year. Although a majority of this figure
belongs to the motorcyclist’s group (60%), it is important to note that the most
vulnerable road users, the pedestrians, consist a total of 4% of road fatalities in
Malaysia (RMP, 2012). Pedestrians form the second largest group of vulnerable road
users killed on Malaysian roads, an average of 13% of all pedestrian casualties
caused by motor vehicles each year. Figure 2.1 shows number of pedestrian
casualties and from the year 2007 to the year 2011.
Between the year 2010 and 2014, an average of 500 pedestrians were killed on
roadways in Malaysia. This represents approximately 28%-38% of the pedestrian
casualties in Malaysia within the past five years. Figure 2.2 shows the percentage of
pedestrian-related casualties in Malaysia between the years 2010 to 2014 by
pedestrian movement. Although data obtained revealed that only 10% of injuryrelated crashes involving pedestrians occurred for pedestrians ‘Not Using Pedestrian
Crossing’, a large majority (more than 50%) of movement behaviour was reported to
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be ‘Careless Crossing’ (RMP, 2010-2014). Providing safe crossings is a priority for
many agencies, where the determination of appropriate crosswalk treatment for
specific contexts is often a feat.
2500
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Figure 2.1 Number of pedestrian related crashes and percentage of pedestrian fatality
from 2010 - 2014 (RMP, 2010 - 2014)
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Others, 5.0%

Crossing related,
59.9%
Pedestrian along
roadway, 35.1%

Figure 2.2

Percentage of pedestrian casualty by movement behaviour, 2010-2014 (RMP,
2010-2014)

Overall, from the Royal Malaysian Police (RMP) data, pedestrian casualties in
Malaysia are decreasing. A similar trend was also reported in the United States
(Chang, 2008). While safety intervention initiatives are an on-going effort; further
action is required to bring down the number of casualties continually.
Pedestrian related collision can be attributed to various reasons as described by
Hunter et al. (1996). Causes of collision are influenced by factors such as area type
as well as number of lanes. Higher crash statistics was observed for pedestrians in
rural areas as compared to urban areas. However, in urban areas, pedestrianrelated crashes are more susceptible to occur at intersections where Hunter et al.
(1996) reported that pedestrians are likely to be hit by vehicles when crossing
intersections.
As much is known about pedestrian crash risk in developed country, the literature
on pedestrian safety as a whole in developing country such as Malaysia reveals wide
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gaps in knowledge and understanding where comprehensive assessment is lacking.
Tulu et al. (2013) attempt at identifying comprehensive synthesis of factors
influencing crash risk in developing countries, focusing on Ethiopia, stating
inadequacies of critical gaps in the provision of road infrastructure for pedestrians.

2.2

Speed and Pedestrian

The speed of a motorised vehicle is the most prevailing factor in fatalities involving
pedestrian-motor vehicle collisions due to the lack of protection a pedestrian have
as vulnerable road users. The faster a motorist drives, the higher the likelihood of
injuries to pedestrians, which subsequently will result in death.
Previous research conducted shows that the probability of death increases
exponentially in relation to the collision speed of vehicle involved (Pasanen, 1992;
Oh et al., 2008; & Cuerden et al., 2007). When collisions occur with vehicle travelling
at a speed of 50 km/h, there is between 12 to 40 percent chance of death for the
pedestrian, compared to a less than 7% chance of death when being struck at a
speed of 30 km/h. Consequently, it was reported that low-speed locations (32 km/h)
have lower risks than medium or high-speed locations (Gårder, 2004). Hunter et al.
(1996) reported that motorists exceeding safe speed operations were also the
common reason for pedestrian-related road casualties.
Provision of pedestrian facilities therefore, takes into account the separation,
increased visibility of pedestrian as well as increased awareness of drivers. Dixon et
al. (1997) reported finding in which speed is reducing peripherals such as speed
humps were reported to reduce speeds, in turn assisting pedestrians in crossing the
road in a safe manner. Motives suggested by Dixon et al. (1997) were damage to
vehicle, to driver or others, causing drivers to either stop or slow down. Gårder
(2004) found that the use of horizontal traffic calming measures such as narrowing
of roads is preference to vertical deflection type traffic calming (e.g. speed humps)
and is also reported to provide safer walking environment for pedestrians by
positive results to driver yielding to pedestrians. While Bertulis and Dulaski (2014)
reported that the general driver-yielding trend at pedestrian crossing was inversely
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related to speed. As speeds increased, yielding rates decreased, from 75% yield
rates at 30 km/h speeds to 9% yield rates at 60 km/h speeds.

2.3

Pedestrian Behaviour
Environment

in

Regards

to

Road

Various studies influencing pedestrian crossing behaviour have been conducted
mostly focusing on pedestrian selection of crossing location as well as gap
acceptance. Papadimitriou et al. (2009) reviewed a number of crossing choice and
route choice models presented in the literature and found that most crossing
models focus on individual cases or corridors and are traffic oriented. The main
factors were found to be walking distance and time where it was often observed
that illegal crossings occurred when time or distance were not a key issue. Illegal
crossing at or near marked pedestrian crossings were found to significantly increase
risk of traffic crash involvement for pedestrians (King et al., 2009).
Street as well as built up environment were found to also influence pedestrian
behaviour in selection of crossing location. Chu et al. (2004) studied crossing
preferences at different locations in an urban environment. Participants in the study
had the option to choose crossing location; two options for crossing at signalised
intersections and four options to cross at mid-block locations. Important factors in
estimating the likelihoods of crossing at the different options include crossing
distance, crosswalk marking, width of shoulders, traffic signals, and traffic volume.
Pedestrians were less likely to illegally cross when crossing distance, roadside
walking environment and traffic volume all increase.
In Shanghai, pedestrians were observed crossing illegally at signalised crosswalks
(crossing after the pedestrian signal turns red). The cross-sectional width, or the
more lanes one has to cross, at the designated crossing areas showed impacts on
the time for which a pedestrian will wait to cross a roadway. This study showed that
a reasonable wait time for pedestrians is 90s before making illegal crossing
manoeuvres, significantly longer than other studies have shown (Qian & Liu, 2007).
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2.4

Pedestrian Crossing Facility

Although human factors are identified as the major contributing factors in most
road crashes, the road engineering and environment factors should be addressed
thoroughly to eliminate possible failure of these factors in causing further
casualties. The road safety slogan is the Safe Systems Approach whereby it is
acknowledged that crashes do occur, but it should not result in death. Thus the
provision of a suitable and safe road environment for pedestrians is important in
minimising fatalities amongst pedestrian.
The provision of a functioning pedestrian facility is part of a road design and
engineering treatment, which also address safety needs of pedestrians. This is
recognised by both Europe and other regions such as Australia and China (Zeeger &
Bushell, 2012). In the same report, Zeeger and Bushell (2012) identified pedestrians
crash statistics and trends by reporting on the group most at risk, i.e. children and
older adults; area type, where higher occurrence of crashes in urban area, but
susceptible to higher chances of fatality in rural area; the type of pedestrian
behaviour that results in crashes such as darting in and out of streets; vehicle
speeding; and roadway features. Identification of need for a pedestrian facility such
as crosswalks or footpath (also known as walkway) is expressed by Movahed et al.
(2012) by the need for separation of pedestrians and motorised vehicles in an
attempt to reduce the number of crashes involving pedestrians.
Marked crossings generally only improve safety where there is sufficient pedestrian
and traffic flow to result in significant numbers of pedestrians making risky crossings
when the marked crossing is absent. For example, Ward, 1992, (quoted in Ogden,
1996) suggests on the basis of British data that installation of refugees near
pedestrian generators can reduce pedestrian accidents by as much as 60% but
where they are introduced at uncontrolled intersections, even for safety reasons,
accidents are only reduced by 10%; if no safety reasons exist, accidents can
increase. But risk at marked crossings is also very dependent on drivers respecting
the need to stop for pedestrians.
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Fitzpatrick et al. (2006) summarised that the preferred features of a pedestrian
crossing include elements such as that crossing task is made safe and easy for
pedestrians, that crossing locations are highly visible and clear to drivers, vehicles
speeds are slowed or controlled in the area of the pedestrian crossing or that drivers
yield the right-of-way to legally crossing pedestrians. Streets with lower speeds or
traffic volumes may not require multiple treatments to be safe and effective. In
these less complex street environments, single treatments may be just as safe and
effective as multiple treatments. However, in a complex (e.g., multi-lane, highspeed, high-volume) street environment, it probably will be difficult to provide the
same characteristics with a single simple treatment, i.e., complex street
environments may require several different treatments intended to serve different
purposes.
Research conducted in Tampa, Florida showed that the combination of placement
of yield signs placed in line at the crossing, were either more or equally effective as
placing it at other locations (Ellis et al., 2007). A similar result is also seen in
countries enforcing pedestrian yielding law with positive results in increasing drivers
yielding and reducing their speeds, including the use of signage stating yield to
pedestrians (Gedafa et al., 2014).
Malaysia’s national public works department, Jabatan Kerja Raya (JKR) addresses
scantily the provision required for pedestrians crossing in their Guide to Geometric
Design of Roads (PWD, 1986), as well as Basic Guidelines on Pedestrian Facilities
(PWD, 1997). Malaysia’s Nota Teknik (Jalan) 18/97 which adopts AUSTROAD’s Guide
to Traffic Engineering Practice, Part 13, outlines basic guideline for pedestrian
facilities, including warrants for placement of crossings, as well as schematic
positioning of signage and devices. Malaysia currently only practices the use of
warning signs in the form of crossing signs as a cue for drivers to be aware of
pedestrians and yield when required.
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2.5

Malaysia’s Traffic Rules and Regulations for
Pedestrian Crossings

While the Nota Teknik (Jalan) 18/97 iterates that for time separation treatments,
marked crossings by statutory regulation, vehicular traffic must `give way' to
pedestrians who are on the crossing, it is currently the only known available
explanation on right of way of road users at the marked unsignalised crossing. The
driving curriculum guidebook for drivers Panduan Pembelajaran Kurikulum
Pendidikan Pemandu (JPJ, 2006), states that at both pedestrian and children
crossing signs, drivers should slow down their vehicle and stop should there be
pedestrians crossing the road.
Summary
Pedestrian studies in Malaysia is a relatively new niche area in the Malaysian road
safety scene. Current studies available geared towards the pedestrian level of
service (Asadi-Shekari, 2014), pedestrian facility safety index (Asadi-Shekari, 2015),
while the previous study conducted, among others includes pedestrian walking
speed (Goh, 2012) and pedestrians perceptions on facilities in Kuala Lumpur (Bahari,
2012). The commencement of this study may feed into the repository data for the
current condition of pedestrian facilities.
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3.

Methodology

A series of tasks were developed to complete research objectives and test the
hypothesis presented previously successfully. This chapter presents the
identification of data collection location, data collection method and data analysis
conducted. Figure 3.1 shows flow process of the study conducted. The following
sections describe in detail the methodology in conducting the study.
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Figure 3.1 Research methodology process flow
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3.1

Study Location

Federal Route 5, F005 is one of the three north-south backbone federal highways in
Peninsular Malaysia; the other two are the Federal Routes 1 (F001) and 3 (F003).
Generally, F005 runs mostly along the west coast of Peninsular Malaysia. F005
remains heavily used by travellers and commuters along the west coast of
Peninsular Malaysia. As a result, many sections of F005 highway have been
upgraded either as a four-lane roadways or divided carriageway. For example, the
Klang-Teluk Intan road has been upgraded to a super four highway in order to
handle the increasing amount of traffic. Federal Route 5 (F005) in the state of
Selangor was selected for the study on pedestrian crossing safety at the unsignalised
pedestrian crossing on high performing highway.

Figure 3.2 Federal Route 5 (blue route) in Selangor (Source: Map data ©Google 2016)
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A preliminary survey using Google Earth and Google Map Street View feature was
conducted on 210 km of F005 in Selangor (Figure 3.2) for identification of locations
with the presence of unsignalised pedestrian crossings. The number and type of
pedestrian crossings were also noted. Type of crossings identified was overhead
pedestrian crossing, signalised pedestrian crossing, and unsignalised pedestrian
crossing. On-site verification was conducted on all unsignalised crossing facility
located through the Google Map Street View. Road engineering features at each
verified crossing areas were recorded and these included; speed limit, the number
of lanes, lane and median width, type of carriageway, the number of access within
100 m of the crossing facility, and shoulder type.

3.2

Data Collection

Data was collected in March 2016 during daylight hours. Each mid-block pedestrian
crossing was observed for one hour period during five different time periods over
the day; early morning (7 a.m.–8 a.m.), mid-morning (10 a.m.–11 a.m.), midday (12
p.m.–1 p.m.), mid afternoon (3 p.m.–4 p.m.) and late afternoon (5 p.m.–6 p.m.).
Two sets of the team were stationed on-site; catering for speed data collection, and
for vehicle and pedestrian movement observation data. Observers were placed a
few meters upstream of crossing, away from traffic so not to distract drivers
approaching the crossing, but still close enough to observe vehicles movement as
they approach crossing.

3.2.1 Speed Data
Three different speed points were identified at the at-grade unsignalised pedestrian
crossings on F005 as shown in the schematic drawing Figure 3.3. One point located
at crossing approach; a distance of more than 100 m, one point on the marked
unsignalised pedestrian crossing and one point 40 m after the pedestrian crossing. A
laser speed gun was used to obtain the spot speed of approaching the vehicle and
recorded in the speed data form (Appendix B).
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Spot speed studies are used to determine the speed distribution of a traffic stream
at a specific location. The data gathered in spot speed studies are used to determine
vehicle speed percentiles, which are useful in making many speed-related decisions.

Figure 3.3 Example of speed data points at at-grade two-lane unsignalised crossing on F005

Free-flow speeds of vehicles passing the identified points were recorded. Free-flow
speed is a manifestation of driver’s speed choice.

3.2.2 Staged Crossing
Ideally, the study would have obtained the speed of drivers in relation to naturally
occurring pedestrian behaviour at crossings, but this proved infeasible. Nasar (2003)
found that in a pilot study conducted, the number of pedestrians, timing of
pedestrians, direction of pedestrians, and presence of other cars influenced
whether or not the driver stopped. For the same purpose in avoiding such potential
biases, the study used a controlled manipulation; staged crossings.
The study had five enumerators serving as staged pedestrian crossers as well as
observers. The enumerators were prior trained in this experimental data gathering
to ensure that there is a level of uniformity in observing vehicles. At each crossing,
the crosser waited for vehicles approaching from both approaches at all locations.
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The crosser made sure that no other pedestrians had or would enter the crossing,
and that the vehicles had no other vehicles immediately behind it.
Speed data was collected for during presence of staged pedestrian crossing, and
when no pedestrians are located on site. A staged pedestrian crossing is an act of
crossing by looking towards oncoming vehicle while standing at the beginning of the
crosswalk with body gestures such as leaning forward towards the road intending to
cross. In order to expedite data collection, a researcher would select a free-flowing
vehicle or platoon leader approaching, and then begin to act in crossing the
roadway. Van Winkle and Neal (2000) used the same approach in association with
test consistency. Due to consideration of the safety of crossing person, staged
crossing could not be carried out on Simpang Lima. Instead, crossers were
instructed to stand at the white edge line with body language as seemingly wanting
to cross as mentioned earlier.
The lack of pedestrian walkway along the stretch of F005 called for staged crossers
to stand a few steps back from the edge of the roadway adjacent to the pedestrian
crossing. After gauging the speed of the approach vehicles, crossers walked and
placed both feet into the start of the crossing before the approaching vehicle
arrives. In aiding to ensure that vehicles had sufficient time to slow and stop, a cue
point for the passing vehicle was established on the site. When vehicles passed the
point, the staged crossing is conducted. When crossers had both feet in the
crosswalk, they paused to observe the driver. Crossers only counted as observations
those situations when they had both feet in the crosswalk inadequate time for the
car to stop. If the driver stopped, the crosser proceeded across the street. If the
driver did not stop, the crosser waited for a clearing, and crossed. In each case, the
crosser continued walking until the car was out of sight.
In response to the presence of pedestrian adjacent to the crossing and an
approaching vehicle, the second researcher observer and obtained the following: 1)
Driver’s action (stop, slow, nothing), and 2) vehicle class. Break light indication was
used as a criterion to differentiate between slowing and doing nothing. Driver’s
decision to give way for pedestrian crossing is likely to be influenced by the
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potential of vehicle-pedestrian conflict. De Veauuse et al. (1999) found that drivers
comply more with a stop sign at pedestrian crosswalks when pedestrians are
present.
Vehicles were classified into three groups; car, motorcycle and lorry. The group car
includes passenger cars, sport utility vehicles (SUVs), vans, and pickup trucks while
lorry includes larger sized vehicles such as trucks and busses. Vehicle deceleration
rates very much depend on the vehicle size, with small vehicles having higher rates
than bigger vehicles.

3.3

Data Analysis and Documentation

The data obtained from on-site observation and speed measurements were
analysed based on the objectives and within limitations of the study. The statistical
analysis of the free flow speed involved determining descriptive statistics presented
in Chapter 4. Data analysis begins by descriptive analysis using data that has been
transformed from spreadsheet data to a structured data using the statistical tool
WIZARD Version 1.8.11 (175). Statistical measures were computed for testing
whether there were any significant differences in various variables in affecting the
speed at unsignalised crossings. The results of this research were documented in the
form of a project report.
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4.

Results and Discussions

The primary objective of this analysis was to evaluate the operating speeds at the
unsignalised pedestrian crossing on F005, the specifically difference in mean
vehicular speed at crossing approach in regards to the presence of pedestrians,
number of lanes, and area type. The measure used in this analysis was the speed of
drivers approaching the crossing, and the driver’s compliance with the speed limit.
This analysis was comprised of compiling recorded data and analysing and
comparing data between different location scenarios.

4.1

Site Characteristics

Figure 4.1 shows the percentage of the type of pedestrian crossing facility available
on F005 in Selangor. The majority of crossing facility recorded was overhead
crossing, representing 55% of total crossings while 36% are at-grade signalized
crossings. More than 75% of the total 210 km of F005 are four lanes road while the
remaining 25% are two-lane roads. All overhead crossings were found to be located
on a four-lane segment of F005. More than 70% of unsignalized crossings are
outside of school areas where the remaining 30% are located near to places of
worship or commercial areas.
In retrospect, the number of unsignalised crossing on F005 is relatively low (i.e. four
unsignalised crossing facility), but is a representation that unsignalised crossings are
still present on high-speed roads where speed limit can reach up to 90 km/h and the
operating 85th percentile speeds to be above the posted speed limit.
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Figure 4.1 Percentage by type of crossing on F5 in Selangor

The four unsignalised crossings in Figure 4.2 m located via Google Map Street View
as specified in Section 3.2 Study Location, were verified on site and coded as PC1
(Simpang Lima), PC2 (Sungai Pelek), PC3 (Jeram) and PC4 (Tanjung Gadung).
All sites recorded painted yellow stripes perpendicular to the roadway measuring
3.5 m in width as pedestrian crossings. Only the width of PC2 crossing measured 4
m. For all sites, there was no presence of a connecting pedestrian walkway or an
informal pedestrian footpath.
The end of the yellow transverse bars preceded crossing locations with an average
distance of 40 m from both directions of travel at all locations. The length of road
marked with the yellow transverse bar is an average of 100 m from beginning to
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end. There was no other form of speed calming measures available on all four sites.
Testing on the proximity of intersection or access on the mean speed at pedestrian
crossings were not feasible as all sites recorded two or more minor access count
was recorded within a 50 m distance from the marked crossing location. The
positioning of the unsignalised pedestrian crossing is deemed unsuitable in terms of
presence of an intersection within immediate distance to the crossing (NZ Transport
Agency, 2009).

Simpang Lima (PC1)

Sungai Pelek (PC2)

Jeram (PC3)

Tanjung Gadung (PC4)

Figure 4.2 Four data collection locations (Source: Image capture Jan 2014 ©Google 2016)

All roadways are classified as single carriageway a with a minimum lane width of
3.25 m. All four sites are located on a straight or gently curving road alignment and a
relatively flat terrain. Table 4.1 shows the differing road environment parameters
recorded for all four unsignalised crossing location on F005.
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Table 4.1 Road environment parameters at four unsignalised crossing locations on F005
Crossing
site

Speed limit
(km/h)

Median type

No. of
lanes

Area type

Presence of
crossing sign

PC1

90

Central hatching

4

Rural (School)

Yes

PC2

60

Double line

2

Urban

No

PC3

60

Central hatching

4

Urban

Yes

PC4

90

Double line

2

Rural (School)

Yes

Both PC1 and PC4 are located in a rural area within 20 m outside of schools, where
the speed limit is 90 km/h. PC2 and PC3 are set with a speed limit of 60 km/h. The
nearest speed limit sign determines speed limit at the location of pedestrian
crossings. Each speed limit sign identified were less than 5 km away from the
crossing location with little change in the surrounding environment between the
location of speed limit signs and crossing area.
All four crossings are within 50 m distance of more than one minor access. A minor
access is defined intersections along a road where substantive daily use might be
expected, including residential driveways and work entrances (iRAP, 2014).
Parameter median type is matched with the number of lanes, whereby central
hatching is used on a four-lane carriageway, while on two-lane carriageway; a
double line marking is used. The width of central hatching was measured to be 2 m.
Lane markings were in fair conditions on all sites.
The presence of warning signs for pedestrian crossing was also observed on site.
Figure 4.3 shows an example of placement of pedestrian crossing warning sign, WB
14 or WB 15 (JKR, 1985) were put up at all PCs except PC2 that is located near a
small commercial area. At all locations with pedestrian crossing warning sign,
additional warning message sign such as “PEJALAN KAKI MELINTAS DI HADAPAN”
and “KURANGKAN LAJU” were recorded on site (Figure 4.4).

23

Vehicle Speed Approaching Zebra Crossing on Federal Roads

Figure 4.3 Pedestrian warning sign (WB14) at PC4

Figure 4.4 Additional pedestrian crossing warning sign at PC3
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4.2

Speed Analysis

A total of 7,360 speed data was collected at all four unsignalised crossing on Federal
Route 5 in Selangor. Table 4.2 shows the number of speed data by location. Only
speed data for PC1 was tested to be normally distributed (Shapiro-Wilk, p>0.05).
Table 4.2 Number of speed data collected by location
Location

Number of speed data collected

PC1

1,971

PC2

1,377

PC3

1,989

PC4

2,023

Figure 4.5 shows the box plot for speed by location. PC1 (Simpang Lima) has the
highest maximum speed recorded on site at 125 km/h while the lowest maximum
speed recorded was at PC2 (Sungai Pelek), 70 km/h.

25

Vehicle Speed Approaching Zebra Crossing on Federal Roads

Figure 4.5 Speed characteristics by PC location

The mean speed for PC1, PC2, PC3, and PC4 are 79 km/h, 45 km/h, 70 km/h, and 74
km/h respectively. Vehicle speed at PC2 as depicted in the box plot is located on the
lower end of the scale with the median speed of 44 km/h. While PC1, PC3 and PC4
have a wider range of speed data and the median speed is located within the range
of 70 to 79 km/h. Due to this, additional analysis will be grouped by similar data
range.
For analysis purposes speed data is also grouped by speed limit violation; i.e.
whether the approach speed is more or less (and equal to) than the speed limit of
the road. The following section describes the results of field evaluation on speed of
drivers at crossings based on presence of pedestrians, number of lanes, area type,
and presence of warning sign.
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4.2.1 Presence of Pedestrians
A total of 466 non-staged pedestrians, 2964 staged pedestrians were observed
crossing at all four crossings on F5 while speed data were taken for all situations
with presence of pedestrians (staged or non-staged) and no presence of
pedestrians. The non-staged crossing is when actual pedestrians were recorded on
site, crossing the roadway. 70% of non-staged crossings were recorded at PC2, while
the remaining was observed at PC4. Figure 4.6 shows the speed data distribution for
presence of pedestrians on site at all four PC. Comparisons were made between
individual crosswalks. Using the test of proportions with a 95 percent confidence
interval, a p-value was calculated for all comparisons. A p-value greater than 0.05
indicates that the null hypothesis can be accepted at the 95 percent level, and a pvalue less than 0.05 indicates that the null hypothesis can be rejected at the 95
percent level.
For all comparisons the null hypothesis was the speed of vehicles was equal with or
without the presence of pedestrians and the alternative hypothesis was the speed
of vehicles at crossings were not equal.
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Figure 4.6 Percentage of speed data by presence of pedestrian
Table 4.3

Mean speeds at PC – with and without presence of pedestrians

Crossing site

Mean speed of vehicles (km/h)
With pedestrian

Without pedestrian

PC1

78.9

79.2

PC2

41.4

46.3

PC3

67.9

71.7

PC4

74.2

75.4

Mean speeds for all four sites in regards to presence of pedestrians are shown in
Table 4.3. Speeds of vehicles were observed to be higher at all four locations when
pedestrian presence was recorded on site. The highest mean speed was recorded at
PC1 without the presence of pedestrians while the lowest mean speed was
recorded at PC2 with the presence of pedestrians on site.
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The pairwise comparison indicated for PC2 and PC3, the mean speed when the
pedestrian was absent (46.3 km/h and 71.7 km/h respectively) was significantly
higher than that when the pedestrian was present (mean difference = 4.93 km/h
and 3.76 km/h respectively; p = 0.001). A similar finding was recorded by Bella
(2015) where the initial speed of vehicles within a 50 km/h speed limit zone at zebra
crossing approach was recorded to be lower with presence of pedestrians on site.
The result, however, does not translate the same for the remaining two sites, PC1
and PC4. For both PC1 and PC4, the average speed does not vary with presence or
absence of pedestrians (mean difference = 0.3 km/h and 1.2 km/h, p = 0.712 and p =
0.065). This finding may be attributed to the fact that both PC1 and PC4 have higher
speed limits than PC2 and PC3.
The analysis on relationship between presence of pedestrians and speed limit
violation reveals a significant difference between percentages of vehicles driving
more than the speed limit than those driving within the speed limit in regards to
presence of pedestrians (𝜒2, p < 0.001). Figure 4.7 shows that with presence of
pedestrians, 35% of vehicles were recorded to drive more than the speed limit,
while when no pedestrians were present; the overall percentage of speed limit
violations was recorded to be higher at 43%. It is noteworthy to mention that
regardless of presence of pedestrians, majority of drivers kept to the speed limit.
Further analysis of speed of drivers during presence or absence of pedestrians is
covered in the following sections of results and discussions.
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43.2%

Without presence of pedestrian

35.1%

With presence of pedestrian

0%

20%

Within speed limit

40%

60%

80%

100%

More than speed limit

Figure 4.7 Speed limit compliancy and violation by presence of pedestrian

4.2.2 Number of Lanes
Speeds of vehicles at unsignalised crossings on F005 were compared by number of
lanes. Site PC 1 and PC3 are four-lane single carriageway, while PC2 and PC4 are
both two-lane single carriageways. The average speed varies significantly between
the two carriageway types (p < 0.001), where the mean speed on four-lane
carriageway is 74.4 km/h while the mean speed on two-lane carriageway is 62.7
km/h.
Table 4.4 Mean speeds by lane number – with and without presence of pedestrians
Number of lanes

Mean speed of vehicles (km/h)
With pedestrian

Without pedestrian

2 lanes

65.1

60.9

4 lanes

73.4

75.4

For both lane number types, the average speed significantly varies by presence of
pedestrians on site (Table 4.4). This result is supported by various researches on
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effects of number of lanes reduction on speed of vehicles. A study on an urban
arterial where the number of lanes was reduced from four to two, observed an
average of 10% reduction in speed as well as more than 40% of reduction in crashes
(Gårder et al., 2002). Skene (1999) reported a reduction in 85th percentile speed by
5.3 km/h on a reduction from four-lane to two-lane with turn separation. Macbeth
(1998) found that speed of vehicles on high trafficked road significantly reduced
with the reduction in lane widths as well as number of lanes reduction from a sixlane urban arterial to four-lane.
The mean speed at crossings on two-lane carriageway, however, was higher with
presence of pedestrians than without by 4.2 km/h, while the mean speed on fourlane carriageway crossings was lower by 2 km/h with presence of pedestrians.
Figure 4.8 shows the analysis of speed limit violation to the number of lanes. There
is a significant difference between the numbers of vehicles violating speed limit by
the number of lanes (𝜒2, p < 0.001). The percentage of vehicles driving over the
speed limit on four-lane carriageway is higher than that of two-lane carriageway by
more than three times.

Figure 4.8 Speed limit compliancy and violation by number of lanes
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The same pattern is true for both situations whether there are presences of
pedestrian or not, with higher percentage of speed limits compliancy on occasion
with pedestrian present at the crosswalk (Figure 4.8). It is noteworthy to mention
that speed limit compliancy was significantly higher on four-lane carriageway
(52.7%) with presence of pedestrians as compared to absence of pedestrians; while
for two lanes, there is no significant difference in terms of speed limit adherence
(𝜒2, p = 0.56).

4.2.3 Area Type
Area type is divided into urban and rural. PC 1 and PC 4 are classified as rural area
while PC2 and PC3 are urban areas. A significant difference of 17.3 km/h (t-test, p <
0.001) in mean speed was obtained between speed at urban and rural area where
the mean speed at rural area is recorded to be 76.8 km/h while the mean speed at
urban area is recorded to be 59.6 km/h.
In comparing mean speed to area type, it is found that for rural area, the average
speed does not vary with presence of pedestrian on site (t-test, p = 0.092). There is
however, a significant difference between mean speeds for urban areas in regards
to presence of pedestrians on site (t-test, p = 0.035). However, mean speed at urban
area is found to be higher by 1.3 km/h with pedestrians on site as compared to
without pedestrians.
Table 4.5 Mean speeds by area type – with and without presence of pedestrians
Number of lanes

Mean speed of vehicles (km/h)
With pedestrian

Without pedestrian

Rural

76.5

77.3

Urban

60.4

59.1

Figure 4.9 shows the analysis of speed limit violation to area type. There is a
significant difference between the percentages of vehicles violating speed limit by
the number of lanes (𝜒2, p < 0.001). Although for both urban and rural area, drivers
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generally drove within the speed limit (54% and 66% respectively); the percentage
of drivers driving over the speed limit in urban area, incidentally a lower speed limit
area (60 km/h) is higher than the speed violators in the rural area with a higher
speed limit of 90 km/h.
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

33.6%

Rural

46.0%

Urban

Within speed limit

More than speed limit

Figure 4.9 Speed limit compliancy and violation by area type

When comparing overall vehicle speeds at both urban and rural crossings with and
without presence of pedestrians, there is a statistically significant difference
between speed of vehicles with presence of pedestrians and speed of vehicles
without presence of pedestrians (Figure 4.11).
Similar to the overall results, rural areas with presence of pedestrians recorded a
higher compliancy towards speed limit (81%) than urban areas i.e. in this study,
locations with the posted speed limit of 60 km/h (𝜒2, p < 0.001). However, quite the
opposite is seen for speed violators at both urban and rural area when pedestrians
were not present on site. Chi-square test revealed that there is no significant
difference between percentages of speed limit violators for either area type (𝜒2, p =
0.318) where percentage of speed limit violators was 56% for rural and 57.6% for
urban area.
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18.8%

Rural

50.9%

44.0%

42.4%

Urban

Rural

Urban

With presence of pedestrian

Without presence of pedestrian

Within speed limit

More than speed limit

Figure 4.10 Speed limit compliancy and violation by area type and presence of pedestrian

Figure 4.11 Speed limit compliancy and violation by number of lanes and presence of
pedestrians
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4.2.4 Vehicle Class
Vehicle class are divided into three; passenger vehicle, motorcycle and lorry. In this
study, lorries group together busses, trucks and small lorries while passenger vehicle
include motorcars, small vans and pickup truck. No bicycles were recorded on site.
Of the observed sample, 74.5% were passenger vehicle, 14.9% lorry, and 10.6%
motorcycles. This distribution was similar throughout all four locations.
Table 4.6 depicts the mean speeds at all four PC by vehicle class. The ANOVA test
reveals that there is significant difference between average speeds by vehicle class.
The average speed for passenger vehicle was seen to be somewhat higher for all
four locations while difference in mean speed of lorry and motorcycle were less
than 1 km/h with the exception for PC3. Thus, a t-test was conducted in comparing
the average speed for lorry and motorcycle at all four locations.
Table 4.6 Mean speeds at PC – by vehicle class
Mean speed of vehicles (km/h)

Crossing site

Lorry

Motorcycle

Passenger vehicle

Overall

PC1

67.4

68.1

83.2

79.1

PC2

43.3

42.8

45.4

44.9

PC3

58.2

66.6

73.6

70.0

PC4

65.9

64.4

77.8

74.8

Table 4.7 Significance level on variation of average speed between motorcycle and lorry
Crossing site

p-value

PC1

0.592

PC2

0.630

PC3

< 0.001

PC4

0.207

Table 4.7 shows result of the t-test conducted for all locations for lorry and
motorcycle. From the p-value, it is obtained that the average speed for lorry and
motorcycle does not vary for all locations except PC3.
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Comparing the mean speed of passenger vehicle to other vehicles (lorry and
motorcycle), for locations with an average speed equivalent to and more than 70
km/h, the mean speed difference between passenger vehicle to other vehicles is
between 12.6 km/h to 15.5 km/h. The lowest mean speed difference between
passenger cars and other vehicles was recorded at PC2 with a difference of 2.4
km/h.
For all class type, more than 50% of vehicles were recorded with speed less than the
respective speed limit (Figure 4.12). Both motorcycle and lorry, however, recorded a
higher percentage of speed limit compliancy at 73.3% and 73.6% respectively as
compared to passenger vehicle, at 55.3%.

Figure 4.12 Speed limit compliancy and violation by vehicle type

Chi-square analysis shows that speed limit violation and type of vehicles are not
independent (𝜒2, p = 0.009). Further observation in speed limit compliancy and
violation pattern reveals similar results for number of lanes (or median type).
Although percentage of speed limit compliance was high for two-lane carriageway
(median type: painted double line) as discussed in 4.3.2, there is a significant
difference between the percentages of speed limit compliancy by vehicle type.
Passenger vehicles were observed to have lower compliancy (86.6%) as compared
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to other vehicle type. The same is true for percentage of speed limit compliancy and
violation on four-lane carriageway. The percentage speed limit compliancy of
passenger vehicles is only 29.3% while lorry and motorcycle recorded a percentage
of speed limit compliancy of 66.2% and 58.7% respectively.

4.2.5 Speed of Vehicles Relative to Crossing
Vehicles speeds recorded relative to crossing were categorised into three groups:
before crossing (100 m at the crossing approach), on crossing (in the middle of the
pedestrian crossing, and after crossing (50 m after the crossing mark).
Table 4.8 Mean speeds at PC – relative to pedestrian crossing
Mean speed of vehicles (km/h)
Before crossing

On crossing

After crossing

ANOVA
p-value

PC1

80.3

76.7

77.7

0.004

PC2

44.6

45.8

45.7

0.108

PC3

70.1

70.2

68.6

0.156

PC4

74.6

75.0

75.0

0.842

Crossing site

Table 4.3 depicts the mean speeds of vehicles relative to pedestrian crossing, at the
four different crossing sites. Only PC1 showed significant difference between mean
speeds of vehicles, where the mean speed of vehicle 100 m before crossing was
significantly higher by 3.6 km/h. All other sites denote no significant difference
between mean speeds of vehicles relative to crossing.
In comparing the mean speed for presence or absence of pedestrians relative to
crossing, all four locations showed no significant difference in mean speed after
crossing (t-test, p > 0.1). Mean speed before crossing, however, varies significantly
to presence of pedestrians for three locations, PC2, PC3, and PC4 (t-test, p < 0.001).
For these locations, the mean speeds of vehicles during presence of pedestrians
were significantly lower by at least 2 km/h, than without presence of pedestrians.
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Speed values on PC1 showed no difference in mean speed before crossing (t-test, p
= 0.693). Comparing mean speed on crossing to presence of pedestrians, both PC1
and PC4 showed no difference in average speed (t-test, p = 0.896 and p = 0.571).
There is, however, significant difference in the average speed on crossing for PC2
and PC3 (t-test, p = 0.006) where mean speed of vehicles was 3.71 km/h more with
absence of pedestrian.

4.3

Summary

Findings show that there are significant differences in vehicle speeds at the four
unsignalised crossings. As values of speed at PC2 is comparatively lower than other
locations, additional evaluation was also made discounting PC2. Results were found
to be similar except mean speeds by number of lanes. Mean speeds of vehicles were
found to be lower in urban areas as compared to rural areas, incidentally also school
areas. In comparing the number of lanes, average speed differs significantly
between two lanes and four lanes, where speeds were recorded to be lower at
crossings on two lanes roads. However, when discounting PC2 in the analysis, it was
found that there was no significant difference in terms of mean speed by number of
lanes when mean speeds were more than 70 km/h. For vehicle class, mean speed of
passenger vehicles was found to be significantly higher than other vehicles at all
locations. In terms of presence of pedestrians, whilst pedestrian crossings on roads
in rural areas showed no difference in mean speed of vehicles in regards to
presence of pedestrians, urban areas where roads are gazette with lower speed
limit (60 km/h) showed clear difference in mean speeds where speeds were
relatively higher at the time that pedestrians were absent.
Analysis of speed limit violations revealed that at all four locations; speed limit
violations were less in the presence of pedestrians. Speed limit violations were also
significantly lower on both sites with two lanes carriageway, and in comparing area
type, the percentage of speed limit violations were higher in urban areas, possibly
due to the lower speed limit set in these areas.
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5.

Conclusion

Even if these results are not possible to generalise in their detailed state, some
more general conclusion can be drawn. The speed of vehicles varies across all four
locations of unsignalised crossings on F005. Locations PC1, PC3 and PC4, recorded a
mean speed of 74 km/h, while PC2 recorded a mean speed of 45 km/h. Despite
there was reduction in terms of mean speed by area type, by number of lanes and
by the presence of pedestrians on site, the mean speed by the three locations
suggests that unsignalised crossings may not be the most suitable form of
pedestrian crossings.
Although at grade pedestrian crossing facility is considered as an appropriate
treatment for primary arterial roads in Malaysia (PDW, 1997), other countries define
the suitability differently. For example, the New Zealand Transport Agency in their
Pedestrian Planning and Design Guide states that on roads with speed above 60
km/h or more than two lanes, the use of platform crossings or zebra crossings were
not considered appropriate (NZTA, 2009). For these types of roads, the NZTA
suggest the use of signalized pedestrian crossing, or even mid-block median refuges.
Review of speed patterns on roads is pertinent in the placement of type of
pedestrian crossings. When roads are upgraded or receive heavier traffic, necessary
changes are required for the provision of pedestrian facilities. In consideration that
only four unsignalised crossings were recorded along F005 in Selangor, it is
therefore, advisable that these crossings are given consideration for upgrades to
signalised crossings, or in cases where pedestrian volume is low and almost nonexistent, these locations may instead use the uncontrolled crossing. The Nota Teknik
Jalan 18/97 specifies that uncontrolled crossings tend to occur by default at any
location where pedestrians find it convenient to cross a road. In general these
uncontrolled crossings are simply provided with nothing more than ramps at kerb
lines to bring the footpath down to explicit warrants are not necessary (PWD, 1997).
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This formalised study provided data that could potentially be used to mitigate the
lack of a safe crossing. The condition in which this study was made was sufficient for
its aim. In future studies however, it would be advisable to find more sites to be
included such as more four-lane and two-lane with similar characteristics and
factors such as road alignment, access density and median type can be studied. As
more research are conducted using simulators, it could also be an idea to conduct
similar studies using driving simulators by input similar on-site scenarios for test
subjects to drive through.
An option for future research would be to collect data on pedestrian yielding, and
then analyse that data collectively. An added characteristic to measure in future
research is gap size and how it affects yielding rates. This research has
demonstrated that data collection with a handheld laser speed gun to gauge speed
of motorists is simple, feasible, and recommended for future research studies.
Engineers may want to consider implementing a speed-reducing measure near
marked crosswalks on high-speed roads (e.g., greater than 70 km/h) to promote a
reduction in speed at a pedestrian crossing.
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