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Abstract. This study is aimed at investigating the association between child-pedestrian
severity levels of collisions and physical environmental variables. The outcome of this
study could be applied to road safety intervention for improving engineering
modifications related to children pedestrians. The retrospective analysis was carried out
using 9-year data from Royal Malaysian Police records from the years 2009 to 2018.
Multinomial logit modeling (MNL) was applied. The results demonstrated that the injury
severity of the collisions is related to road surface material, traffic system, posted speed
limit, lighting conditions, location, type of area and time of collisions. Notably, the
findings revealed the importance of more in-depth studies on physical environmental
features that relate to child- pedestrians’ severity level of collisions. This is essential for
improvements to physical environmental designs by policymakers. Thus, policymakers
and stakeholders can utilize the findings to further improve the physical environment
through structure and design.

1 Introduction

In Malaysia, road traffic injuries (RTI) are the leading cause of death for children aged 0 to
14 years from 2016 to 2021 except for 2018 [1]. The situation in Malaysia is currently in line
with Zegeer & Bushell [2] which was highlighted that the death rate from traffic injuries is
comparable to death from infectious diseases. Road traffic injuries (RTI) are the critical issue
need to be investigated with many risk factors. One of the factors that plays an important role
in road traffic collisions is the physical environment elements and it was highlighted by past
researcher that the child pedestrian injury risk is a partially function of this element [3]. This

*Corresponding author: mnazri_borhan@ukm.edu.my

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/).



EPJ Web of Conferences 343, 03003 (2025) https://doi.org/10.1051/epjconf/202534303003
AIMACE-2025

is due to the fact that the road environment is design, construct and for consideration of adults
which placed the children at the greater risk.

According to the World Health Organization (WHO) [4], child-pedestrians of all ages are
at risk of being involved in a road traffic collision. WHO also highlighted that 38% of
children under 19 years old are injured or killed as pedestrians on the roads each year [5]. In
Malaysia, the statistics of child- pedestrian fatalities in Malaysia are particularly worrying
due to a high rate of fatal road collisions [6]. The authors highlighted that 12% of children
aged 1 to 18 years old were involved in fatal road collisions from 2007 to 2009. This figure
is higher than that of high-income countries, which only have 5% to 10% of fatalities [7]. A
study by Darus et al. [8] found a total of 2,243 child-pedestrian (aged 0—18 years) casualties
were reported between 2009 and 2012, accounting for about 27.9% of the total number of
pedestrian casualties. As a result, this scenario implies that child-pedestrians are among the
most susceptible road users to traffic injury.

As stated by the World Health Organization (WHO) [7], a distinguishing aspect of the
physical environment, particularly the road environment, is the unique contributing variables
associated with children. By and large, the road environment is constructed by adults for the
benefit of adults. As a result, this scenario has increased the danger of harm for children.

Physical environment elements can be defined as the physical surrounding elements
which may be contributed to the occurrence of potentially injury. In a Haddon Matrix model
established by Willam Haddon Jr, physical environment is one of the attributes in preventing
injury [9]. Some research has been reported on the effect of the physical environment to the
child pedestrian injury risk [10-12] The results showed that some of the physical environment
factors has significant effect on child pedestrian injury risk. Hence, this paper mainly aims to
identify the effects of physical and traffic environment features on the different levels of
severity collisions involving child pedestrian aged between 0 to 17 years in Peninsular
Malaysia.

Thus, the primary objective of this research is to ascertain the impact of physical and
traffic environment characteristics on the severity of accidents involving child-pedestrians
aged 18 years or younger in Malaysia. The models are built specifically utilizing multinomial
logistic analysis (MNL), which include critical information about the physical environment.
The models produced may be used to inform intervention and environmental change efforts
aimed at reducing injury severity.

2 Methodology

2.1 Data Source and Data Preparation

The data were acquired from Royal Malaysian Police (RMP) by the Malaysian Institute of
Road Safety Research (MIROS). The subset of the data contains information on child
pedestrian-vehicle collisions that occurred from January 2009 to June 2018. A total number
of 2232 child pedestrian-vehicle collisions were analyzed after 5% had to be excluded due to
the missing variables. Child pedestrian in the present study refer to children in the age-range
of 0-17 years old. For the purpose of this study, 21 parameters related to physical
environmental elements was analyzed. The estimation of MNL model and relative risk ratio
(RRR) are using Statistical Package for the Social Sciences (SPSS) version 23.

2.2 Classification of Injury Collisions by Definition

The present study applies the definitions below as shows in Table 1.
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Table 1. Term use defined by Royal Malaysian Police

Term Definition

Pedestrian Any person who is not/on a vehicle but occupying a portion of road;
includes road construction workers, a person pushing a breakdown
vehicle, etc.

Fatal A road accident in which one or more person were killed within 30
injury days from the date event.

collision

Serious A road accident in which at least a person sustained serious
injury injury but none killed.

collision

Slightly/minor A road accident in which one or more person were injured but

2.3 Model Formulation

In this study, the theory of planned behaviour’s original framework was extended. Initially
comprising attitude, subjective norms and perceived behavioural control, two innovative
constructs were added: environmental concern and service quality. This was to assist in
predicting the mode-changing behaviour of users of private vehicles with regard to utilising
the travel alternative of mass rapid transit. The theory of planned behaviour framework was
extended in this way so that the theory’s predictive capability could be enhanced, as proposed
by [28].

In this study, multinomial logit model is used to estimate the severity of collisions. The
dependent variable is the severity of collisions recorded at 4 levels: fatal, serious, slight and
damage. The MNL is used to increase flexibility in modeling estimation. Thus, the effect of
a variable on the likelihood of an injury or fatality can be showed [13, 14].

The probability of the child pedestrian collision nth with severity level i, is given by:
Pni=P (Uni > Uni’), Vi’ €L, 1" #1 1)

Where I denotes a set of possible mutually exclusive severity levels of collisions. The Uni
can be expressed as:

Uni = Bixn + €ni 2)

Where B denotes a vector of coefficients, while xn denotes a vector of explanatory variables
and eni denotes an unobservable random error. €ni is assumed to have generalized extreme
value distribution. From the assumption, the MNL can be expressed by:

e[)’an

Pri = — 3

T svner PR
Where Bi is a vector of coefficient can be estimated for severity level i using standard

maximum likelihood methods. As the explanatory variables do not vary across injuries, the
I-1 log-odd ratios of the model become:

zn=I’j—;l:'=ﬁixn—ﬁ,xnz(ﬁi—ﬁ,)xn,i=1 ...... =1 )
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Only the difference in coefficient is identifiable, therefore the coefficient is identifiable
up to an additive constant. The coefficients of one outcome (the base case) are set to zero to
resolve the interdeterminancy [15]. The slightly injury collisions as a base case or reference
following the work of Tay et al. [16].

As the MNL is a nonlinear model, the estimated coefficients of the explanatory variables
(independent variables) do not represent of their effect on dependent variables [14, 17]. So,
the relative risk ratio (RRR) is computed relative to the base category to show the effect of a
significant risk factors. From equation (4), the relative probability of an injury accident (i=2)
to the base case (i=1) is

PrPr (i=2) xB (%)
pra=n € (5)

Relative risk ratio (RRR) for binary variables is written as
RRR = bt (6)

Generally, the RRR refers to the increase if RRR more than 1 (RRR>1) or decrease if RRR
less than 1 (RRR<1) in risk of a specific severity level of collisions compared to the base
case [14, 17]. The Statistical Package for Social Sciences (SPSS) version 23 is used to
estimate the MNL and RRR.

3 Results and Discussion

Table 2 depicted the estimation results of the multinomial logit model. The multicollinearity
test was performed to assess the presence of correlation among the parameters. No
multicollinearity was found. Generally, the results showed a large chi-square value 249.114
and a very small p-value <0.0001 indicated that the model fits well. The parameters at the
significant level 0=0.1, o= 0.05 and a=0.01 were retained [14, 17]. This means that the
impacts of these parameters are significant. The estimated coefficients and relative risk ratios
(RRR) were used to interpret the effects of significant parameters. The magnitudes and the
signs of the estimated parameters are discussed. The parameter with positive sign indicates
the increasing risk of an injury collision severity.

Among 21 parameters, seven parameters are significantly associated with child
pedestrian collisions severity. The significant parameters comprised of road surface material,
traffic system, posted speed limit, lighting conditions, location, type of area and time of
collisions. As for road surface material, fatal injury collisions are 11.9 times more likely to
occur on earth road surfaces (RRR=11.996, p=0.000) and 9.9 times on concrete surfaces
(RRR=9.926, p=0.002). Also, it was found that damage or non-injury collisions are nearly
160 times more likely to occur when the collisions took place on brick road surfaces
(RRR=160, p=0.005). In relation to the traffic system, roads with dual- carriageway
(RRR=5.623, p<0.001) are at a higher risk fatality. This result may have contributed by the
characteristic of the traffic system such as the number of lanes, presence of median and type
of flow which can influence the severity of injury collisions [12, 18]. This finding is
consistent with research conducted in Hong Kong [19], Brazil [20] and Riyadh [21], which
discovered that two-way and dual/multiple lane roads were associated with a higher risk of
serious accidents.

In terms of posted speed limit, the results show that collision at locations with posted
speed limit 70 km/hr, 80 km/h and 90 km/h tend to be fatal. Fatal injury collisions are 2.4
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times (RRR=2.435, p=0.001) more likely more likely to occur on road with speed limit
70km/h, 3.3 times (RRR=3.314, p=0.000) on roads with 80km/h and 3.7 times (RRR=3.704,
p=0.000) on roads with 90km/h. Also, the results show that dark roads without street lights,
dawn and dark roads street lights are related to fatal injury collisions. Dark roads increase the
risk of being fatal and seriously injured. Fatal injury collisions were found to be three times
more likely to occur in darkness without street light (RRR=3.294, p=0.000) and with street
light (RRR=3.447, p=0.000). This may have related to the poor visibility of children and
vehicles during darkness [17, 18]. According to the findings of previous research conducted
in the United States, Australia, South Korea and Ghana, the risk of death or serious injury for
pedestrians is higher at night (dark lighting) than during the day [16, 22-24].

The land use is a significant parameter classified as “others” areas. This area tends to be
fatal compared to shopping (RRR=0.318, p=0.010) and school area (RRR=0.611 p=0.046).
Subsequently, results show that the presence of built-up area decreased the risk of being
seriously (RRR=0.751, p=0.059) injured. Moreover, damage collisions are more likely to
occur in city area (RRR=1589, p=0029) and urban area (RRR=60.4 p=0.013). Poor road
traffic management, pedestrian behaviour, inadequate road infrastructure and pedestrian
facilities may be an important factor that contribute to the risk of an injury [17, 25]. With
respect to the time of collision, the collision occurring from 1000 to 1559 were significantly
related to fatal injury compared to 1600 to 1859 (RRR= 0.675 p=0.023). and 1900 to 2459
(RRR=0.528 p=0.014).

From a traffic engineering perspective, road characteristics, road designs, and traffic
operations play an important role in providing safe walking conditions for vulnerable road
users [26]. Fundamentally, child-pedestrians should be provided with good and protective
facilities based on their abilities [27] and skills. For example, there should be special attention
given to locations with complex road geometrics and traffic systems, such as cross
intersections, and multilane roads with bidirectional flows, as all these locations tend to be
more severe. The reduction in child-pedestrian collisions is associated with lighting
conditions and road surface conditions. It should be noted that child- pedestrian collisions
may be attributed to drivers’ negligence and irresponsible behavior.

Importantly, dark areas should be installed with adequate street lighting to increase
visibility. Furthermore, road safety educational programs and campaigns should also be
targeted at drivers to increase their awareness of pedestrians’ and cyclists’ activities [28].
Moreover, modifications to the physical environment should be combined with effective
training techniques involving children, especially in school zones, to reduce the selection of
poor routes [29]. Notably, future research should examine the human factors concerning
children’s behavior and development in order to better understand child-pedestrians’ abilities
and limitations in designing pedestrian facilities.
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4 Conclusion and Limitations

The current study identified several risk factors associated with the increasing severity of
vehicle collisions involving child-pedestrians. The explanatory variables associated with
increased probability of fatal injury collisions include: road surface material, traffic system,
posted speed limit, lighting conditions, location, type of area and time of collisions. It is
recommended that pedestrian facilities structure for child pedestrian should be designed to
suits the abilities and skills of the children [30, 31]. The study's conclusions have a number
of significant applications for researchers and policymakers. The first step in creating age-
based child pedestrian accident prevention policies is being able to comprehend the different
elements that affect the severity of injuries and accidents involving children. Furthermore,
this study's specific physical environmental factors can be applied to the design of physical
environments for children's training virtual simulations. The results of the study can also be
applied to the enhancement of places according to the children's ages. The following are some
recommendations for future research on child pedestrian road safety, specifically studying
the degree of injury and accident among child pedestrians and the behaviour of vehicle
drivers. Based on the literature review, this factor has received little attention, particularly in
Malaysia. In addition, considering the spatial aspect and combining it with accident data. It
is also proposed to conduct in- depth research into children's cognitive limitations and
behaviour, as well as to relate these findings to road safety issues.

Nevertheless, the database does not include spatial features such as the dimensions of
pedestrian pathways, the layout and usage of the area between the road and the sidewalk. It
is recommended that the analysis of physical environment characteristics in combination with
spatial analysis with different analytical approach should be further investigated.
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