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A B S T R A C T   

A zebra crossing is a form of pedestrian crossing provision point on roads that have significant 
volumes of traffic. It is one of the safety measures employed to reduce avoidable pedestrian- 
motorist conflicts and accidents on such roads. In the past several studies have been conducted 
on the behaviours of road users (pedestrians and motorists) especially on non-signal intersections. 
Although, various recommendations and solutions have been proffered to the many road-crossing 
challenges. But there has been little to no change in pedestrians’ perceptions and preferences of 
zebra crossing. Contemporary researches have tried to rectify this by applying several models to 
rate the use of pedestrian zebra crossing. This study uses a Regression Model Techniques to 
analyse factors influencing utilization rate of pedestrian zebra crossing. In this study, 450 samples 
were collected from 12 locations, covering school, public building, residential and business areas 
to examine the utilization rate of the zebra crossing by pedestrians. To examine the significance 
level on the crossing utilization rates by pedestrian at 95% confidence interval, a pedestrian 
utilization rate (PUR) was acting as the dependent variable and the remaining variables served as 
the independent variables. The Multiple Linear Regression (MLR) model was also used to 
determine the utilization rate needed to develop the zebra crossing utilization model. From the 
findings, the calibrated R2 value was discovered to be at 0.937 and the descriptive statistics of 
MLR test, t and p-values, were also found within an acceptable range. The result also showed that, 
out of all the variables which were used, only three have a significant effect on the utilization 
rates of pedestrian zebra crossing while the remaining variables have an insignificant effect. The 
study concluded that among the different variables, Guardrail, number of lanes and Width of 
zebra crossing were the most influential variables. It is believed that the conclusions drawn from 
this research are expected to be useful to improve the state of pedestrian facilities in Malaysia.   
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1. Introduction 

The increasing population in urban areas has resulted in a surge in traffic congestion, which has prompted concerns about the safety 
of road users, especially pedestrians. According to a report by the United Nations, the global urban population is expected to increase to 
68% by 2050, with most of the growth occurring in Africa and Asia [1]. This increase in urbanization has resulted in overcrowding and 
increased demand for public transportation and personal vehicles. In most densely populated cities, it has been discovered that the 
number of pedestrians at every point in time is more than that of other road users. It is why such roads are susceptible to traffic 
congestions if pedestrian traffic is not properly managed [2]. Taking Malaysia as a study case, many cities have recorded bad crosswalk 
road-utilization. This is due to the likely tendency of pedestrians to violate traffic rules and regulations when crossing, although a lack 
of necessary crossing facilities can also be said to be responsible [3]. This high record of bad crosswalk road-utilization has directly led 
to a large proportion of pedestrian casualties in road accidents. This is why there is the need for more crossing facilities such as zebra 
crossings, which must carry high friction surfacing on several approaches [4]. It must be noted that such facilities must be installed 
only after proper economic evaluation has been carried out to determine the cost effectiveness of such projects. Such facilities pre-
viously installed have been found many times to be very poorly utilized and cost ineffective. Such economic waste will be guarded 
against if, as stated, proper economic procedures are followed. 

Pedestrian safety is a crucial aspect of urban planning and transportation infrastructure development. Providing crossing facilities 
for pedestrians is a common strategy to enhance pedestrian safety [5]. However, special care must be taken to ensure that such fa-
cilities are designed and implemented in a way that minimizes the risk of pedestrian accidents. Several measures (barriers, escalators, 
and ramps) have to be introduced to discourage and prevent illegal pedestrian crossings as being done in many other countries. One of 
the reasons for the illegal crossing tendencies of most pedestrians is the inconvenience attached to the crossing points, mostly a result 
of error in design. In Malaysia, another of such reasons is the absence of specific warrant or necessity for using zebra crossing excluding 
the common measures provided to deter less utilization. The common measures that serve as the rules and regulations was published 
by Jabatan Kerja Raya (JKR) on pedestrian facilities. It is called Nota Teknik Jalan 18/97 received from AUSTROADS (Australia) Guide 
to Traffic Engineering Practice, Part 13-Pedestrian (1995), which was adopted temporarily and subjected to necessary changes [6]. 
Even with the provision of this regulations (the functional classification of road, the character of the locality, the number and char-
acteristic of pedestrian, the road condition and vehicular traffic condition), as result of the low usage of pedestrian zebra crossing in 
Malaysia, there is yet the need for a thorough understanding on the utilization rates. Therefore, this study intends to fill the gap by 
focusing on utilization rate and pedestrians’ behaviours. 

2. Literature review 

This section emphasizes the analysis of the main body of the extant literature namely the pedestrian utilization of crossing facility. 

2.1. Factors affect pedestrian crossing choice 

Pedestrian crossing choice is influenced by a variety of factors, including infrastructure, environmental factors, social factors, and 
individual characteristics. When it comes to signalized crosswalks, pedestrian crossing choice is primarily affected by the signal timing, 
pedestrian volume, and vehicle volume. Signal timing is a crucial factor that determines when and how pedestrians cross the street. 
According to Ref. [7], pedestrian crossing behavior at signalized intersections is strongly influenced by the pedestrian signal timing. 
The study found that longer pedestrian signal timing increased the likelihood of pedestrians crossing during the walk phase, while 
shorter pedestrian signal timing led to more pedestrians crossing during the flashing don’t walk phase. Pedestrian volume is another 
important factor that influences crossing behavior at signalized crosswalks. As the volume of pedestrians increases, the risk of conflict 
between pedestrians and vehicles also increases [8]. found that pedestrian crossing behavior at signalized intersections was signifi-
cantly influenced by pedestrian volume. The study found that pedestrians tended to cross during the walk phase when the pedestrian 
volume was high. Vehicle volume is also a critical factor that affects pedestrian crossing behavior at signalized crosswalks. According 
to Ref. [2], pedestrian crossing behavior is influenced by the number of vehicles waiting at the intersection. The study found that when 
there were more vehicles waiting at the intersection, pedestrians tended to be more cautious when crossing. 

In addition to these primary factors, several other factors can also influence pedestrian crossing behavior at signalized crosswalks, 
including pedestrian age, gender, and destination, as well as weather conditions and time of day. Understanding these factors can help 
in designing more effective and safer signalized crosswalks [9]. [10] reported that signalized intersections significantly contributed to 
pedestrians engaging in illegal crosswalk behavior. The study suggested that proper signalization at intersections would optimize road 
utilization. However, it should be noted that the research only examined narrow roads where vehicles maintained a low speed limit, 
which limited the generalizability of the findings. Although this may not be applicable to many roads. Moreover, one of the reason of 
pedestrians violation of traffic regulations as stated by Ref. [11] is the length of waiting time (45~60s) of signal light when crossing 
road. They also suggested more factors such as road width, traffic volume, and pedestrian psychology etc [12]. 

Some other literature stated, otherwise, that the choice of pedestrians while crossing road could be a result of other several factors 
such as condition, location, perceptions and design of the facilities at the intersection [13–16]. According to some studies, one of the 
most influential factors for pedestrian’s decision to cross at a stated area is the difference between the location of the facility and 
pedestrian destination [17,18]. Their research found that pedestrians preferred routes which are closer or faster to their destination. 
Convenience of crossing facility is another emphasis made by some other researchers [19]. They believed that these serves as moti-
vations for pedestrians to utilize the crossing facilities provided. Thus, if providing these facilities, diligent consideration of the 
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preference of the pedestrian is off important else might create low utilization of the crossing aid. Wrong locations of the crossing 
facilities also reduce pedestrian’s choice of using this facility. Some other researchers stated that, pedestrians are likely to utilize 
crossing facilities located on major roads than those on minor roads because of density and high volume of traffic [2]. Other factors 
they identified which influence pedestrian crossing decision process includes the availability of barriers and vegetation, coloured 
paving and shelter, the timing of signals and configuration of the centers along the road are said to be influencing pedestrian’s behavior 
and compliance rate when utilizing these facilities [20]. Lastly, Regional distribution, economics levels, city scale and culture char-
acteristics also contributed to the behaviours of pedestrians towards utilizing these facilities [6]. 

Fig. 1. Flowchart of a research process.  

W.A. Al Bargi et al.                                                                                                                                                                                                   



Heliyon 9 (2023) e19310

4

2.2. Safety measures as a concern for the crossing attitude or behavior of pedestrians 

Numerous incidents of pedestrian fatalities and injuries in road accidents have raised alarm about pedestrian safety, prompting the 
need for enhanced road safety measures to improve the safety of pedestrians [21]. The uninformed actions of many pedestrians make 
them more vulnerable than other road users, and again play a major role in their fatality and injuries in accidents [22,23]. Actions of 
the Pedestrian such as inappropriate crossing before the traffic signals, illegal crossing outside designated crosswalk signs are all risky 
for the pedestrians, thus, the need for adequate measures [24]. These high inappropriate crosswalk behaviours can also vary with 
gender of the pedestrians. Greater risk taking tendencies of the male gender such as (non-compliance with traffic laws, walking in the 
dark, tolerance for crossing within narrow gaps, walking under the influence of drug or alcohol) make them more vulnerable to this 
high risk than their female counterpart [25]. Also, horridness and the general desire of pedestrians to keep moving was one of the 
foremost factors behind the lack of compliance. 

Several research studies have been carried out to address the forgoing concerns of pedestrian safety that are related to their crossing 
attitude and behaviours [26–28]. One of such studies can be credited to Ref. [29] that focused on development of a model to estimate 
pedestrian waiting time and serve as a safe guard while crossing section of a road. In his research, many factors determined pedestrian 
behaviours at crossing sections. This factors include crossing frequency, population of the pedestrians cross in time, gender, age, 
pedestrian destination, private vehicle accessibility and experience of the pedestrians in previous traffic accidents. Another model 
developed by Ref. [30] on pedestrian crossing attitude or behavior was to assess the possibility of accident along pedestrian journey 
using nested logit model and linear regression model. Their findings showed that the probability of accident on a particular crossing 
area will depend on the crossing options adopted by pedestrians when crossing. Furthermore, another model was carried out by Refs. 
[31–33] to investigate different numbers of faults in vehicle crashes of pedestrians. Their result revealed that pedestrians’ faults was 
about 59% of the crashes, drivers at 32%, and both were at fault at 9%. Other inappropriate behaviours associated with pedestrian 
crossing and contributing to factors of accidents on road include pedestrians not obeying traffic rules and regulations, jaywalking and 
walking under the influence of drug or alcohol [34]. 

Some factors, however, including utilization rates of crossings facility and type of vehicle, among others, are under investigation 
and need further research. For example, search results of pedestrian utilization of crossing facilities in the ScienceDirect/or Scopus 
database, with “the utilization rates of pedestrian zebra crossing” in the article title, abstract and/or keywords of indexed articles, 
showed there has been no detailed investigation on usage of zebra crossing, only a little published data. Also, some of these identified 
factors have different characteristics, operational and traffic conditions, and work environment that are unique to their selected or 
study areas [6,14,35,36]. Thus, there is a need to consider the different condition and road environment in Malaysia. 

To address the identified gaps, this research focuses on the development of a pedestrian model based on traffic flow density along 
urban streets in Malaysia, which also covers pedestrian perceptions and behaviours in order to provide a safer and more acceptable 
ambiance for road users. This will, indeed, be useful for engineers and planners when working on crossing infrastructures in the near 
future. 

3. Materials and method 

In order to achieve this research stated objective, the use of both qualitative and quantitative approaches was employed. For data 
collection, after several studies and analysis of the literature review, Multiple Linear Regression (MLR) methods was adopted for 
analyses. Data collections, model development and statistical tests are all showed in Fig. 1. 

4. Instruments for data collection 

Adequate information for this research was gathered through the selection of different sites classified in to four categories to have a 
full evaluation of pedestrians’ behaviours towards zebra crossing. These categories include the following environments (Amenities, 
business, residential, and schools) and 12 pedestrian Zebra crossings were observed out of them. The main reason for these 12 selected 
locations was to measure the level of utilization of available facilities. Videotaping was employed to observe the zebra crossing uti-
lization by pedestrians. Several instruments such as video camera, measuring tape and stopwatch was used for data collection. 

5. Data collection and model development 

In other to analyse factors influencing the usage of pedestrian zebra crossing, data of pedestrians’ behaviours were employed. In 
this research, the pedestrians who used the zebra crossing option while crossing the road section represent the percentage of utilization 
rate. Video recording called “video data method” was used to retrieve data on pedestrians’ behaviours. This was possible because of the 
many advantages it has over the manual method. The likes of low cost economic advantage of running video survey on a permanent 
and continuous record of events makes it more preferable. Also this method was used because, it was very easy and faster to observe 
within an hour and obtain directly the total number of pedestrians who desired to utilize the zebra crossing compared to those who did 
eventually. Number of the pedestrians was one of the essential data for this research. The reason was that the volume of pedestrian 
needed for the study compared to what was available at each site location was lower, hence the need for proper and adequate figure. 

Lastly, the use of the videotape was targeted to gather information on pedestrians who crossed the road. The following categories of 
pedestrians were not counted in the samples of this research such as those waiting for the bus and not having intention of crossing, the 
once walking on the roadside, and those who were done crossing from a distance higher than 50 m. 
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5.1. Statistical Package for Social Science software (SPSS) 

Computation of the descriptive statistics including standard error, t-value, and p-value, under Multiple Linear Regression, Sta-
tistical Package for Social Science software (SPSS) version 22 was employed to carry out data analysis. The general functions and steps 
in Multiple Linear Regression were used for analysis of the data. 

5.2. Multiple linear regression model (MLR model) 

A multiple linear regression (MLT) analysis was carried out to analyse the contributing factors to the utilization rates of pedestrian 
zebra crossing. Results showed that 3 out of 5 variables that have been analysed were significant in its association with the pedestrian 
Zebra crossing utilization. The general model framework is given by Equation (1) below: 

PUR= β0 + β1 X1 + β2 X2 + β3 X3 + …………… + βn an (1)  

wherePUR = Pedestrian Utilization Rate.Xi-n = explanatory variables.β1-n = are estimated parameters from the model/β0 = constant. 

6. Results and discussion 

The variables involved in this section are rate, guardrails, pelican signals, number of lanes, length and width as summarised in 
Table 1. The dependent variable involved is rate, which measures the utilization rate (%) of the zebra crossing by pedestrians. It was 
calculated as the total number of pedestrians who used the zebra crossing divided by the total number of pedestrians crossing the road 
during a period of time given/recorded. Furthermore, a guardrail is a discrete independent variable which records whether there is any 
guardrail installed at the road being measured (1: No, 2: Yes). The installation of guardrails near a zebra crossing serves as an obstacle 

Table 1 
List of variables (Zebra crossing characteristic).  

Variable Type of variable Unit or code Description 

Rate Continuous % Utilization rate of zebra crossing by pedestrians 
Guardrail Discrete 1: No Pedestrian guardrail installation   

2:Yes 
Pelican Discrete 1: No Pelican crossing column installation   

2:Yes 
No. of lanes Continuous count The number of vehicle lanes 
Length Continuous m Zebra crossing’s length or ‘s width 
Width Continuous m Crosswalk/zebra crossing’s width  

Fig. 2. Zebra crossing utilization rate.  
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to discourage pedestrians to cross at the mid-point of the road, which is unsafe. Next, the pelican signal is another discrete independent 
variable, which measures whether pelican signals are installed at the zebra crossing zone (1: No, 2: Yes). The installation of pelican 
signals can assist the use of zebra crossings among pedestrians by stopping the traffic/vehicle movement for easier and safer road 
crossing. Next, the number of lanes is a discrete independent variable that measures the number of vehicle lanes at a designated zebra 
crossing zone. The higher the number of lanes, the higher the number of vehicles going through the roads at a specific period of time. 
Thus, this leads to a higher traffic flow. Next, the Width of a zebra crossing measured in meters serves as a continuous independent 
variable. The length of a zebra crossing also indicates the width of a road. Lastly, the width is a continuous independent variable that 
measures the width of a zebra crossing in meters. 

Apart from that, the study analysed the zebra crossing utilization rate by calculating the percentage of pedestrians who crossed the 
road using the zebra crossing as shown in Fig. 2. Studying the figure, it can be noticed that the top three zebra crossing utilization rates 
were achieved at Jalan Bukit Bintang (KL), followed by Jalan Tun Perak (KL), and Jalan Indah 15/2 (J). On the other hand, the lowest 
three zebra crossing utilization rates were obtained at Jalan Tunku Abdul Rahman (KL), Jalan Serdang Perdana (SL), and Jalan SS15/8 
(SL). 

6.1. Pedestrians’ utilization rate using MLR models 

Multiple regression models were used together with the stepwise method to obtain only the significant variables as shown in 
Table 2. Based on the table, the F value of 24.721, with a P value of 0.002, indicated that the model is significant at a value of 0.05. 
Results also showed an R2 value of 0.937, which is close to unity. This suggests that three characteristic/factors in the model were able 
to explain 93.7% of variance in the zebra crossing utilization rate. Prior to reading the regression weight, it is always a good practice to 
assess the variance inflation factor (VIF) value. Results showed that all the VIF values were lower than 10, indicating that there is no 
severe multicollinearity issue for the model. 

Out of the five characteristics being tested, only guardrail, Width and the number of lanes were found to significantly affect the 
zebra crossing utilization rate. Referring to the table, a B value of 6.85 for the guardrail variable indicated that with the installation of 
guardrails at the zebra crossing zone, the zebra crossing utilization rate will increase by 6.85%. Moreover, the B value of 3.398 for the 
Width variable showed that each meter increase in the Width of a zebra crossing (width of the road) will increase the zebra crossing 
utilization rate by 3.4%. In other words, the wider the road, the riskier it is to cross without zebra crossings. Thus, pedestrians would 
choose to use the zebra crossing in this case. Next, a B value of 3.233 indicated that when the number of lanes increased by 1 lane, the 
utilization rate of the zebra crossing will increase by 3.2% 

Apart from knowing how the characteristics of a zebra crossing affect the utilization rate, the degree of impact was also assessed on 
the dependent variable. The absolute value of standardised regression weight (BETA) was examined and it was discovered that the 
Width of a zebra crossing (width of road) has the highest impact on the utilization rate of zebra crossings, followed by guardrail and 
lastly, the number of lanes. 

Based on the results presented in Table 2 above MLR equation can be rewritten as 

Table 2 
Regression weight statistics (Zebra crossing characteristic).  

Variable B Beta t p-value Tolerance VIF 

(Constant) 19.651  2.712 0.042   
Guardrail 6.85 0.433 2.829 0.037 0.539 1.856 
Width 3.398 0.635 5.627 0.002 0.991 1.009 
No. of lanes* 3.233 0.409 2.662 0.045 0.535 1.868 

DV: Rate, R2 = 0.937, F (3,5) = 24.721, p value = 0.002, *continuous variable. 

Fig. 3. Relationship between guardrail and rate.  
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Pedestrian Utilisation Rate= 19.651 + 6.85 ∗ Guardrail + 3.398 ∗ Width + 3.233 ∗ No. of lanes (2) 

To illustrate the relationship of significant zebra crossing characteristics with zebra crossing utilization rate, Equation (2) was 
employed to plot the graphs as shown in Fig. 3–5. In order to plot the relationship graph of a particular variable, the other non-related 
variables will be left constant with their mean values (Guardrail = 1.22, Width = 11.023, number of lanes = 2.44). It was not hard to 
realise that all of the variables have positive impacts on the rate of zebra crossing utilization. 

7. Conclusions 

This study focused on the utilization level of zebra crossing along urban streets in Malaysia. The usage rate of the facilities by 
pedestrians at zebra crossing are peculiar with the characteristics of each area and also related to many other factors and under-
standing of pedestrian towards the available facility. Survey of users and observing pedestrian movement at different 12 locations was 
used to obtained information needed for this research. The findings revealed that the pedestrian zebra crossing utilization low level are 
caused by nonexistence of guardrail, number of lanes and Width of zebra crossing. In order to encourage high utilization rate, 
placement of the zebra crossing and guardrail at appropriate sites, with large roadway width having more than two lanes, have to be 
considered when providing this facility. The general belief of the result of this study is that it will inform the regulators, pedestrians, 
drivers and other road users, thereby reducing the risks at vehicular-pedestrian intersections. More so, the findings hope to serve as a 
benchmark to perpetually increase and adjust road networks in needs of more accurate estimations to reduce the risk and exposure of 
pedestrians and other road users to accident in several intersections. 

8. Recommendations 

The following recommendations are drawn based upon the results. 

1. It is believed from the findings that guardrail installation significantly affects the zebra crossing utilization. Therefore, it is rec-
ommended that more guardrails should be installed in areas with high population of pedestrian activities all day long in order to 
guaranty safety of road users. 

Fig. 4. Relationship between Width and rate.  

Fig. 5. Relationship between number of lanes and rate.  
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2. Zebra crossings should be placed in high densely populated areas such as business and high speed streets. With this, more pe-
destrians will be encouraged to use it in those areas resulting to high utilization level of the facility and also improving the safety of 
pedestrians on the road. 
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