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Abstract 

Background: Sri Lanka is experiencing an epidemic of road traffic crashes and injuries 

but little is known about the burden among adolescents and associated risk factors. The 

objective of this paper is to assess the prevalence of road traffic crashes and injuries 

among adolescents aged 16-18 years old and to estimate the effect of risk factors, 

including demographic characteristics, behaviors and built environment characteristics 

around school, on the occurrence of both crashes and near misses. Methods: First, A 

survey was anonymously administered to determine demographics, behavior, and 

experience of road traffic crashes and related injuries among adolescents from 16 public 

high schools in Galle, Sri Lanka. Second, a built environment observation was also 

conducted near school surroundings. Descriptive analysis and multivariate regression 

analysis was conducted to assess the relationship between built environment and road 

traffic crashes/near misses by using STATA. The results were displayed in the map by 

using ArcGIS.  Results: Among 1307 students from 16 public high schools aged between 

16-18 years old, 206 students self-reported road traffic crash involvement in the past 6 

months with 98 students reporting minor injury and 7 students suffering severe injury. 

In addition, 27.8% of respondents were involved in near misses in the past 6 months. 

Male students, who demonstrated poor road behaviors, and students who experienced 

near misses are more likely to be involved in road traffic crashes. Additionally, more 
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than half of the roads around these schools are in poor condition with little 

infrastructures to separate pedestrians and cyclists from vehicles. The occurrence of road 

traffic crashes and the severity of road traffic injuries are significantly related to some 

environmental characteristics, which tend to include road type and road visibility.  

Conclusions: Adolescents in Galle, Sri Lanka are facing a comparatively high burden of 

road traffic crashes. Conducting intervention programs among male students and 

improving built environment on the way to school are potential effective strategies to 

prevent adolescents from road traffic crashes and injuries. 
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1. Introduction  

1.1 The global burden of road traffic injury 

Road traffic injuries are the eighth leading cause of deaths worldwide (Lozano et 

al., 2013). It is estimated that every year more than 1.2 million people lose their lives on 

world’s roads (World Health Organization, 2013) and another 20-50 million people are 

injured (Murray, Lopez, Mathers, & Stein, 2001). In 2010, road traffic injuries account for 

75.5 million DALYs globally, which has risen from 56.7 million in 1990 (Murray et al., 

2013). These increasing trends foreshadow an escalation in the burden of road traffic 

injuries. According to the World Bank prediction, with further economic development 

and motorization, global road traffic deaths will increase by more than 35% by 2020 

(Peden et al., 2004),  and road traffic injuries is likely to be the third leading cause of 

DALYs in 2020 (World Health Organization, 2013). 

Road traffic injuries not only result in fatalities or disabilities, but also place an 

intolerable financial burden on victims’ families and communities. The high medical cost 

of emergency and rehabilitation care, as well as indirect cost due to lose of productivity, 

may heavily hit economically disadvantaged families and lead the families into poverty 

(Silcock, 2003). Road traffic injuries also place a heavy burden on national and global 

economies.  It is estimated that the annual global burden of economic costs on road 

traffic crashes is about 518 billion US dollars, and developing countries are estimated to 
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spend 1-1.5% of their gross national product due to road traffic crashes (Jacobs, Aeron-

Thomas, & Astrop, 2000). 

In addition, the burden of road traffic injuries in low- and middle-income 

countries is disproportionately high, with over 90% of fatalities and injuries occurring in 

these resource limited settings (World Health Organization, 2013). While many high-

income countries have successfully reduced the number of injuries and deaths on their 

roads through various intervention projects, low- and middle- income countries are still 

bearing a disproportionately high burden of road traffic deaths. Eighty percent of road 

traffic deaths occur in middle-income countries, where there are 72% of world 

population and 52% of world’s registered vehicles (World Health Organization, 2013). 

Such disparity on road traffic incidents mainly results from the rapid motorization 

occurred in low-and middle-income countries without a concomitant investment in road 

safety strategies, road environment and infrastructure, driver behavior education, and 

enforcement of road policy. 

1.2 Adolescents as vulnerable road users 

Adolescents are a high-risk group of road users, with over 1000 young people 

under 25 years old killed in road traffic crashes each single day world widely (World 

Health Organization, 2007). Road traffic injuries is the 2nd leading threat for young 

people aged between 15-29 years old (World Health Organization, 2013). Young road 

users in developing countries have a higher burden of road traffic injuries than 
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adolescents in developed countries; these trends and causes need more attention. 

(Nantulya & Reich, 2002).  

Adolescents, who have greater mobility and less supervision from parents than 

other age groups, are more likely to be involved in road traffic crashes. World Health 

Organization (2007) summarized the risk factors faced by young road users. On one 

hand, adolescents have the sensation-seeking propensity to seek new environments and 

experiences. They also have the peer-pressure to be “cool” which is not necessarily safe. 

Thus, adolescents are more likely to behave in a risky manner on the roads. On the other 

hand, adolescents, as vulnerable road users, have received inadequate consideration on 

transportation infrastructure design. The transportation and recreational space for 

adolescence are condensed with the development of motorization and urbanization. 

Adolescents are forced to share the transport space with motorized vehicles, which 

combined with their developmental immaturity increases their risk of being involved in 

road traffic crashes. Therefore, more attention should be paid to adolescents to 

understand the risk factors that they are facing, and to develop potential strategies for 

injury prevention.  

1.3 Road traffic injuries in Sri Lanka 

As a lower middle-income country, Sri Lanka is experiencing an epidemic of 

road traffic injuries and fatalities, with about 2000 deaths and 14,000 injuries happening 

on the road every year (Samath D. Dharmaratne & Ameratunga, 2004). Several studies 
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were conducted to estimate the incidence of road traffic crashes and injuries in a city or 

the whole country by utilizing the data from various data sources. Navaratne et al. 

(2009) conducted a population-based cross-sectional survey among 9568 individuals 

from 2000 households in Galle District and found that the adjusted annual incidence of 

road traffic injuries is 4.9 per 100 population. Bhalla et al. (2010) compared the data from 

multiple data sources, including national police report, national death registration, 

national represented health survey, and hospital admissions, and estimated that road 

traffic crashes caused about 2300 deaths and 300,000 injuries in Sri Lanka in 2005. 

Several studies analyzed the trends of road traffic crashes and injuries based on 

either police data (Dharmarathne, Jayatilleke, & Jayatilleke, 2013) or WHO national 

represented health survey (Bhalla et al., 2010; Jayatilleke & Jayatilleke, 2011), and found 

a steadily rising burden of road traffic injuries and crashes in Sri Lanka during the past 

decades. This is mainly because of the increasing number of vehicles and population, as 

well as poor development of road infrastructures (Jayatilleke & Jayatilleke, 2011; 

Somasundaraswaran, 2006). Additionally, although both Jayatilleke and Jayatilleke 

(2011) and Dharmarathne et al. (2013) pointed out a markedly decreasing since 2003 on 

non-fatal crashes, they explained that such fluctuation was mainly due to a higher 

under-reporting rate rather than an actual reduction of the total number of road traffic 

crashes. Periyasamy, Lynch, Dharmaratne, Nugegoda, and Østbye (2013) further 

estimated the degree of under-reporting by conducting a cross-sectional population-
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based study in Kandy, Sri Lanka. They found that 33% of road traffic injuries were 

under reported. Therefore, most previous studies based on police data may 

underestimate the real burden of road traffic crashes and injuries in Sri Lanka. 

Previous studies described the characteristics of victims involved in road traffic 

crashes. Studies showed that vulnerable road users including pedestrians and bicyclists 

were at a relatively high risk of road traffic fatalities, accounting for more than half of 

the total death toll (Bhalla et al., 2010; S. D. Dharmaratne, Gamage, Gaspe, Weeratunge, 

& Kumarapeli, 2010; Herman, Ameratunga, & Jackson, 2012).  Although the elderly bear 

the highest death rate, young adults in Sri Lanka were at higher risk in non-fatal crashes 

(Jeepara & Pirasath, 2011). Most studies showed that males have higher risk of road 

traffic injuries (Herman et al., 2012; Jeepara & Pirasath, 2011; Weerawardena et al., 2013), 

while S. D. Dharmaratne et al. (2010) found that the majority victims who were involved 

in 140 fatal road traffic crashes during 2000 to 2008 in Kandy are females. In addition, 

the study conducted by Jeepara and Pirasath (2011) based on hospital data implied that 

behaviors including alcohol use, not wearing a helmet, and not wearing seatbelts were 

key contributing factors of road traffic injuries.  

However, previous studies, focusing mainly on the risk factors at a population 

and behavior level, overlooked the geographic and environmental factors. Very few 

study described the road quality and condition in Sri Lanka, and no study investigated 

the effect of the built environment on road traffic crash and injuries. What’s more, few 
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previous studies targeted on adolescents this age group, and limited data was provided 

on the prevalence of road traffic crashes and injuries among this vulnerable group.  

1.4 Environmental risk factors 

Environmental factors are one of the most significant contributing factors for 

road traffic injuries. Based on a WHO estimate, about 42% of road traffic injuries in 

developing countries are attributable to environmental factors (Pruss- Ustun & 

Corvalan, 2006). Charles DiMaggio and Li (2012) conducted a literature review and 

concluded that the built environment is directly related to the risk of pedestrian injury. 

Several studies attempted to identify the specific characteristics including both 

the geographic setting and road infrastructure that are associated with RTC/RTI; 

however, the results are inconsistent. Schuurman, Cinnamon, Crooks, and Hameed 

(2009) found that downtown areas and parking areas with a bar nearby have hotspots 

for road traffic injuries. Studies showed that area-wide traffic calming measures 

(including speed reducing devices, one-way system, speed bumps, etc.), pedestrian 

crossing signs, adequate roadway lighting and separation of pedestrians from vehicles 

were effective in reducing the number of injury accidents (Bunn et al., 2003; Elvik, 2001; 

Forjuoh & Li, 1996);  While poor road traffic operations, inadequate road infrastructure, 

three/four-legged intersections, irregular road surface conditions, and roadside 

obstacles, etc. were identified as the potential contributors to crashes and were 

associated with the severity of the crashes (Berhanu, 2004; Bhatti, Sobngwi-Tambekou, 
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Lagarde, & Salmi, 2010; Qin et al., 2004). However, Cho, Rodríguez, and Khattak (2009) 

disagreed with previous studies and stated that poor built environment may increase 

people’s perception on risks and change people’s road behaviors, which consequently 

lowers the real risk of crashes. Furthermore, most of these studies were conducted in 

developed countries, implying the necessity to understand the effect of the built 

environment on road traffic crashes in resource-limited settings. 

Several studies have examined the association between school and road traffic 

crashes/injuries, but the results varied with the change of locations. According to a long-

term temporal trends study conducted by Kingham, Sabel, and Bartie (2011) in New 

Zealand, crash rates increased during morning rush hour just before and after school 

hours but no spatial clusters were identified around schools. However, Caixeta, 

Minamisava, Oliveira, and Brasil (2010) conducted a cross-sectional survey in Brazil, 

finding that most crashes that involved young people occurred on the way to school or 

entertainment sites. Gropp, Janssen, and Pickett (2013) found a dose-response 

relationship between distance to school and injuries. Their study showed that the built 

environment around school, including recreational facilities on school grounds and 

driveway on the school entrance, may affect the occurrence and the severity of the crash. 

What’s more, the national safe routes to school intervention program conducted in the 

U.S. also proved that built environment modification around schools decreased the 

annual rate of school-aged pedestrian injury during school travel hours (C. Dimaggio & 
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Li, 2013). However, there is no study focused on school students in Sri Lanka and 

examined the association between the school environment and road traffic injuries.  

1.5 Road traffic Near misses 

In addition to investigating injuries, it has been recognized that the investigation 

of near misses is also an important element in reducing the probability of the occurrence 

of major injuries. According to previous studies, major injuries and near misses share 

similar causes (Alamgir, Yu, Gorman, Ngan, & Guzman, 2009). Bridges's (2012) study 

estimated that about 50-100 near misses occur for each accident, but few studies have 

described the prevalence and risk factors that affect near misses. 

1.6 Objective 

The objective of this study is to describe the burden of road traffic injuries among 

adolescents aged 16-18 in Galle, Sri Lanka and to assess related  factors.  

Specific objectives is to:  

1. Describe the prevalence of road traffic crashes and near misses 

2. Describe the characteristics of adolescents involved in the road traffic crashes, 

near misses and injuries, and analyze the associated factors 

3. Assesse the built environment including road condition and around schools 

4. Analyze the association between built environment around schools and road 

traffic crashes and near misses by controlling demographic characteristics.  
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2. Methods 

The study was conducted during May-July 2014 in Galle, Sri Lanka. The first part 

was a cross-sectional survey among secondary high school students in 16 schools within 

Galle Four Gravets area in Galle, Sri Lanka. The survey collected data about students’ 

experience on traffic crashes and near misses, and their behaviors as road users. The 

second part is a built-environment analysis, during which the data on road conditions, 

road facilities and road user densities were collected on the roads around the school 

gates by in-person observation.  

2.1 Setting 

The study was conducted in 16 schools in Galle Four Gravet area in Galle, Sri 

Lanka. Galle, situated on the southwestern of Sri Lanka, is the fourth largest city in Sri 

Lanka. Galle Four Gravet is the third order administrative area within Galle, where 

there was a population of about 100,000 in 2002. A school list covering all public 

secondary schools in this area (See Appendix A) was provided by local researchers. 

Considering the language difficulties of translating the questionnaire and 

communicating with Muslim students whose native language is Tamil, this study 

excluded public Muslim schools. Additionally, due to the high mobility of students who 

attend private schools and institutes, no private educational institution was involved in 

the study. 
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2.2 Cross-sectional Survey  

2.2.1 Participants and sampling 

All students aged between 16-18 years old who were officially registered in the 

16 public high schools were eligible for the study. Convenience sampling strategy was 

utilized to recruit participants. Students who attended school on the day when the 

researchers collected data were selected to participate in the survey.  

Since some students enrolled in both public and private schools, and attended in 

private institutions for a higher quality of education, the attendance rates for some 

schools were relatively low. In order to increase the response rate, researchers went back 

to two schools another day to enroll more students. 

2.2.2 Sample size calculation 

In total, 1,093 participants will be recruited. This sample size is based on what is needed 

to estimate the proportion of road traffic crashes and near misses. This sample size 

allows us to estimate our proportion of 20% within 95% confidence interval.  

2.2.3 Survey design, translation and pilot study 

The pencil-paper based survey (See appendix B) was developed in English in 

accordance to the existing traffic injury literatures (Dong et al., 2011; Ghaffar, Hyder, & 

Masud, 2004; Ibrahim, Day, Hirshon, & El-Setouhy, 2012; Le & Blum, 2013; Swain, 

Mohanan, Sanah, Sharma, & Ghosh, 2014). The draft of the survey was reviewed by 

experts and review board from Duke University to ensure that questions are sufficiently 
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clear for self-completion without any ambiguity and potential misinterpretation. The 

questionnaire and informed consent were translated into Sinhala by local researchers. A 

pilot study was conducted among 14 students before the implementation of the survey, 

and questions were refined on the basis of cultural sensitivity.  

The final version of the survey includes five sections. The first section asked 

about transportation patterns, including his/her main form of transportation, total time 

to school, and the nearest junction name around their home. The second section was 

about the road traffic crashes that students experienced in the past 6 months, including 

crash time and location, form of transportation, injury severity, and whether they 

reported to the police. The third section was about near misses. Information on total 

number of near misses that happened in the past 6 months as well as time, location, and 

form of transportation of the latest near miss were collected. The fourth section was road 

traffic-related behaviors, which is scaled based on the frequency of having protective 

behaviors (including looking both ways before crossing and wearing helmet) and risky 

behaviors (including playing on the road or roadside and sending text messages while 

walking). Demographic information, including age, gender and parents’ education level, 

was collected in the fifth section.  

2.2.4 Data collection procedures 

Data collection was conducted from May to July in 2014. Before the data 

collection, researchers obtained permission from the school principals and were 
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introduced to students by school teachers. School teachers were in the classroom during 

the data collection procedure helping organize students but they did not provide any 

comment related to the study.   

After a brief introduction given by the local researcher in Sinhala, students were 

invited to participate in a voluntary, anonymous, and paper-pencil based survey in their 

classroom. The local research staff provided survey instructions and answered questions 

that students had regarding the survey. Students were asked to read through the 

informed consent and sign it if they agreed to participate in the study. During the 

process, students were not allowed to discuss with each other, which ensured that all the 

respondents independently answered the questions based on their real experiences. 

Completed surveys were collected just after all students in the class finished the survey. 

Data were single entered by local research assistant into REDCap, electronic data 

capture tools hosted at Duke Medicine. (Harris et al., 2009).  

2.2.5 Measures 

2.2. 5.1 Road traffic crashes 

A road traffic crash is defined as “being hit by any type of vehicle on the road 

during activities such as crossing, walking, playing, bicycling, or riding in a vehicle”. 

Considering the WHO guideline (McGee, Sethi, Peden, & Habibula, 2004) and for the 

validity of the data, the recall period was set as 6 months.  
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For those who reported having experienced a road traffic crash in the past 6 

months, questions about the crash features followed. The location of the crash was 

classified as on the way to school, on the way back home and neither. The role of road 

user was self-reported. The severity of injury was measured through self-evaluated 

severity of injury, hospitalization and total days off from school because of the injury. 

Police reporting was determined through asking “Did you or someone report this crash 

to the police?” 

2.2. 5.2 Road traffic near misses 

A “road traffic near miss” is defined as “unplanned road related event that does 

not result in but has the possibility of injury, damage, or harm, but have the potential to 

do so.” The situation of near miss was measured by asking the total number of the near 

miss in the past 6 months. If the students was involved in the near miss, questions on the 

feature of near misses, including time, location and type of transportation, were asked.  

2.2. 5.3 Behavior 

Students’ road-use behaviors were evaluated based on their responses to the 

frequency questions. Six behaviors including 3 protective behaviors (looking both ways 

before crossing, wearing helmet and wearing seatbelt) and 3 risky behaviors (including 

playing on the road or roadside and sending short text messages while walking) were 

involved. Frequency scale (never, occasional, sometime, often and always) was applied 

to ask students to self-evaluate their behaviors.  
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2.2.5.4 Demographic and transportation characteristics 

Demographic characteristics were collected by asking the year of birth and 

gender. Parents’ education level was measured by the highest level of education. The 

total time and main form of transportation that students used from home to school were 

collected. The location of the students’ home was assessed by the name of the nearest 

intersection around their home.  

2.3 Built-environment analysis 

2.3.1 Data collection form design and pilot study 

A data collection form was developed in English to support the built-

environment observation portion of the study. A pilot study was undertaken at one 

school and the form was revised based on the local situation. The final version of the 

data collection form included road design, road condition, traffic-related facilities and 

road user density. [See Appendix C].  

2.3.2 Data collection procedures 

Built-environment data were collected during the school rush hour either in the 

early morning when students went to school or around 1pm when all student were 

released at the end of the school day. The observation and data collection were 

conducted around the school gate areas. The information was recorded on papers 

during observation, then entered and stored in the REDCap.  
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2.3.3 Measures 

Road condition was measured by factors namely pavement (whether the roads 

are paved), lane type (one lane per side, one way road or no clear lane), road narrowness 

(whether the roads are narrow due to high pedestrian density, car density, tuktuk 

density and parked cars), surface condition (whether the roads are dry and clean), and 

visibility (whether there is any curve including hill and bend). 

Road facilities were evaluated based on the observation of injury-preventive 

facilities within 100m around the school gates. Checklist questions included whether 

there was formal shoulder, traffic light, crosswalk (zebras), signs, formal parking area, 

and bus stop. In addition, road user density was measured by counting the number of 

various types of vehicles and pedestrians within 1 minute.  

2.4 Data Analysis 

2.4.1 Conceptual model 

 

Figure 1. Conceptual model for data analysis 
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Figure 1 shows the conceptual model for data analysis. There are two key 

dependent variables namely road traffic crashes and near misses, and three groups of 

key independent variables that are possibly associated with the outcomes.  

2.4.2 Dependent variables 

Key dependent variables were road traffic crash and near misses. Both of them 

were binomial variables set as 1 for “involved in RTC/near misses in the past 6 months” 

and 0 for “not involved in RTC/near misses”.  

2.4.3 Main Independent variables 

Key demographic-related independent variables include gender (male, female), 

parents’ (having less than a high school, equivalent to a high school and higher than a 

high school education), and form of transportation. Based on the estimated speed of 

different transportation and total time of transportation, the distance from home to 

school were generated by multiplying total time and estimated speed of transportation.  

Built-environment variables were assigned as binomial or dummy variables while 

density variables were kept as continuous variables.  

Six behavioral variables were generated based on the answers to each behavioral 

frequency questions and were reclassified as binomial variables. “1” was assigned if the 

student self-reported as “always” or “very often” performing protective behaviors; and 

“never” or “occasionally” performing risky behaviors was assigned as “0”. Missing 

values were replaced by the average score of other questions.  An overall behavior index 
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was generated by applying principal component analysis, which used an orthogonal 

transformation to convert a set of possibly correlated variables into a set of values of 

linearly uncorrelated variables as principal component. The first principal component 

accounts for as much of the variability in the data as possible. Appendix D explained the 

key variables in the analysis.   

2.4.4 Data analysis procedure 

A descriptive analysis was conducted at the individual level to describe the 

demographic characteristics of respondents and the characteristics of victims who were 

involved in road traffic crashes and near misses. The prevalence of road traffic injury by 

demographic characteristics was calculated by dividing the number of students who 

were involved in road traffic crashes and the total number of students in each 

population group.  In addition, in order to visually present the result, the location of 

schools and the communities were demonstrated in the map by using ArcGIS (Version 

10.2.2).  By using different color and size of points, the characteristics of school, the 

prevalence of road traffic crashes and near misses were vividly described.  

The characteristics of the built environment around schools were described at the 

school level. Proportion of schools with different road conditions and facility 

characteristics, and the average density of each type of vehicles and of pedestrians were 

calculated. Behavioral factors were described by the percentage of frequency of each 
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road-use behavior. A principal component analysis was conducted to combine all 

behavior variables into one, so as to eliminate the relationship between variables.  

Then, the built-environment variables were matched at the student level based 

on the school that students enrolled in.  A multivariate logistic regression analysis was 

performed to assess the association of risk factors including demographic characteristics, 

behavioral factors, and built-environment characteristics on road traffic crashes and near 

misses at student level. The analysis was clustered by school in order to adjust for any 

correlation among students within same school. Odds ratio, 95% confidence interval (CI), 

and significant level (P<0.05 as significant) were reported. All data analyses were 

conducted by using STATA 12 (College Station, TX: StataCorp LP).  

Several maps were drawn by utilizing ArcGIS to show the distribution of 

respondents and the proportion of road traffic crashes and near misses for each school.   

2.5 Ethics 

All study procedures were approved by the ethical review boards at Duke 

University in the U.S. and Ruhuna University in Sri Lanka.  Principals in all schools 

involved in the study were contacted before the study and all agreed to participate in 

the study. Before responding to the questions, students signed an informed consent, 

stating that they understood all potential benefits and risks involved in the study and 

agreed to voluntarily participate in this study. 
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3. Results  

3.1 Demographic and transportation characteristics 

In general, 1370 students, including 681 males and 689 females from 16 

secondary high schools, completed the questionnaire. Due to the different size of the 

schools, the total number of students responding to the survey from each school varies. 

Figure 2 shows the location of schools and the number of students from each school that 

completed the survey. 

 

Figure 2: Location of 16 schools involved in the study 

 

Table 1 shows the demographic characteristics of the respondents. The average 

age is 17.7 (+0.5). 869 students’ parents received education as equivalent to secondary 
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high school. On average, students spend 27.5 (+11.2) minutes on the way from home to 

school. Taking public buses, taking school buses or vans and walking are top three 

forms of transportation.   

 

Table 1: The demographic characteristics of students participated in the survey 

Demographic characteristics  Proportion 

Gender  

            Male 49.7% 

Age (average)       17.7 (+0.5) 

Parents’ highest education level  (missing=16) 

            Lower than high school 16.0% 

            Equivalent to high school 64.2% 

            Higher than high school 19.8% 

Total time to school                       (missing=3)   

            <10 min 17.2% 

            10-20 min 27.2% 

            20-30 min 19.5% 

            >30 min 36.1% 

Main Form of transportation       (missing=3)  

           Public buses       37.5% 

           School buses or vans (most are private owned)       20.9% 

           Walking       16.8% 

           Private cars 9.1% 

           Tuktuk 4.8% 

           Motorcycle 4.8% 

           Bicycles 3.4% 

           Trains 2.9% 

Total  1370 
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3.2 Road traffic crashes and injuries 

Among the 1370 students, 206 (15.08%) within which 59 were female and 147 

were male self-reported being involved in road traffic crashes. Table 2 shows the 

proportion of students who experienced road traffic crashes in the past 6 months by 

demographic characteristics. Male students have a higher proportion, but the proportion 

of students with different socioeconomic status is similar. Figure 3 shows the location of 

students’ nearest junction around home and the proportion of RTC clustered by home 

location.  

Students were involved in road traffic crashes as pedestrians (20.87%), 

cyclists(21.36%), motorcycle passengers (26.21%), tuktuk passengers (7.77%), public bus 

passengers (6.31%), and school bus passengers (1.94%). 26.21% crashes happened on 

their way between home and school. 

 

Table 2: The proportion of students who involved in the RTC and Near Misses over 

6 months period by demographic characteristics 

 RTC Near misses 

Gender   

            Male 21.3% 37.5% 

            Female 8.7% 18.1% 

Parent Education Level 

            Less than high school 14.8% 23.5% 

            High school 15.0% 27.0% 

            More than high school 15.7% 34.3% 

Overall 15.1% 27.8% 
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Figure 3: The location of the “nearest junction around home” and the 

proportion of RTC clustered by home location 

Among 206 students involved in the road traffic crashes, 98 students suffered 

minor injuries and 7 students reported severe injuries. The average days off-school due 

to the injuries are 0.1 (+0.4), 1.8 (+4.2), 11.1 (+13.0) respectively for non-injured, minor 

injured, and severe injured. However, only 16 students including 1 non-injured, 9 minor 

injured, and 6 severe injured sought care at hospitals after the crash. Only 21 students, 

10.19% of all students who experienced road traffic crashes, were reported to the police. 
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Figure 4: Rate of RTC and near misses over the 6-month period clustered by 

school 

3.3 Near misses 

381 students, accounting for 27.81% of total respondents, reported that they were 

involved in a near miss over the past 6 months. The average number of near misses 

these 381 students experienced in the past 6 months is 2.41.  258 (67.7%) students 

involved in the near misses were males, and students whose parents had a higher 

education level reported a higher prevalence of near misses (Table 2). In addition, 31.8% 

of these near misses happened on the way between home and school. Pedestrians, 

motorcycle passengers, and cyclists are the top three roles when they were involved in 

the near misses, accounting for 41.2%, 15.8% and 14.7% respectively.  Figure 4 compared 
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the proportions of students who involved in the road traffic crashes and near misses in 

the past 6 months. The map shows that the proportions are similar at the school level.   

3.4 Built environment characteristics around schools 

Table 3: Built environment factors around 16 schools 

 

The built-environment observation (Table 3) showed that over 80% of roads 

around 16 schools were fully paved with dry and clean condition.  Yet, 62.5% roads 

were narrow mainly due to high pedestrian traffic and parked vehicles. 18.8% of roads 

were one way road and 37.5% of roads didn’t have clear direction and lanes. 56.3% of 

roads had curves with either hills (18.8%) or bends (56.3%).  

Road condition (n=16)    

Pavement 87.5% Lane type  

Road narrowness 62.5%           One lane per side 43.8% 

         Pedestrian density 31.3%           One way road 18.8% 

         Car density 6.3%           No clear lane 37.5% 

         Tuktuk density 6.3% Visibility (No hill/bend) 43.8% 

         Parked cars 43.8%           Hill 18.8% 

Surface            Bend 56.3% 

          Dry and clean 87.5%   

Road facilities (n=16)    

Shoulder   Crosswalk (Zebras) 68.8% 

          Having shoulder 68.8% Signs  

          Formal shoulder 18.8%        Pedestrian crossing 43.8% 

         Narrow 68.8%        No parking 18.8% 

Traffic light 0% Parking area 25.0% 

Policeman control 56.3% Bus stop 56.3% 

Average Density in 1 min    

Pedestrian walk along road 15.4 Motorcycles 8.1 

Pedestrian walk across road 7.8 Tuktuks 4.8 

Motorcycles 8.1 Car, buses, vans 4.1 
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Most roads around schools had poor road condition with few road facilitates to 

separate pedestrians from vehicles. Only 18.8% roads had formal road shoulders to 

protect pedestrians. However, 68.8% of roads shoulders are narrow, which forced 

pedestrians and vehicles to share the road. Roads near 5 schools had pedestrian crossing 

signs to inform drivers to slow down for pedestrians. 68.8% of schools had clear zebra 

lines to protect students crossing the street. Very few facilities had been established to 

control traffic; 56.3% of schools only had a policeman in front of the school gate to 

control the traffic but none of the roads has a traffic light. 25% schools had a formal 

parking area and 18.8% of schools had a “no parking” sign to prevent road narrowness 

due to parked cars. 

3.5 Behavioral factors 

In general, students self-reported that they had good road use behaviors as 88.1% 

respondents always or often looked both ways before walking across the street, while 

90.80% and 90.58% respondents self-reported that they never or occasionally 

respectively played on the roads or road shoulders.  (Figure 5) However, the prevalence 

of wearing helmets and wearing seat-belts are significantly lower than other behaviors. 

Only 46.1% of respondents always or often wearing helmets when riding on 

motorcycles, and 24.7% of students self-reported that they often wear seatbelts when 

they were in the car. 
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Figure 5: Road use behaviors of respondents 

A behavioral index was generated by using principal component analysis. The 

index combined 6 variables through orthogonal transformation to convert the correlated 

behavior variables. The behavior index (first principal component) had the largest 

possible variance representing 35.6% for street crossing behaviors, 41.7% for helmet 

wearing, 39.3% for wearing seatbelt, 43.2% for playing on the road, 43.2% for playing on 

the road side, and 41.5% for sending short messages while walking on the street.  

3.6 The association of factors with road traffic crashes and near 
misses 

Multivariate logistic regression showed that the odds of being involved in a road 

traffic crash and near miss for male students was significantly higher than for female 

students. The odds ratio of road traffic crash for students who were involved in near 
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misses in the past 6 months was 8 times higher than that for students who didn’t 

experience near misses. Students who were more likely to behave safely on the roads, as 

shown with a higher behavior index, were significantly less likely to be involved in road 

traffic crashes and near misses. The odds  of near misses for students who came from 

high socioeconomic groups was higher than that for students who were in low 

socioeconomic status, but this result was not applied to  road traffic crashes. 

Additionally, no significant association was found between the distance from school to 

home (interaction between type of transportation and total time to school) and road 

traffic crashes or near misses. The results were shown in Table 4.  

Table 4: Result for multivariable analysis for demographic characteristics 

Independent 

variables 

Involving in road crashes  

           (n=1351) 

Involving in near misses 

                (n=1335)                 

 OR and 95%CI Sig. level OR and 95%CI Sig. level 

Gender     

      Male 1.58 (1.19, 2.10) <0.001** 2.44 (1.90, 3.13) <0.001** 

      Female 1 - 1 - 

Parents’ education level 

      Low 1 - 1 - 

      Medium 0.89 (0.54, 1.45) 0.646 1.21 (0.83, 1.79) 0.324 

      High 0.71 (0.42, 1.20) 0.231 1.58 (1.01, 2.48) 0.047 ** 

Distance 1.00 (0.99, 1.00) 0.960 1.00 (0.99, 1.00) 0.192 

Behavior index 0.78 (0.71, 0.87) <0.001** 0.83 (0.72, 0.96) 0.014 ** 

Near miss 8.60 (6.57, 11.26) <0.001** - - 

Note: Distance is calculated by estimated speed and reported time of traveling; 

Behavior index was generated by principal component analysis based on 6 behavior 

variables; ** means significant at 5% level.  

 

A separate logistic regression model was performed to assess specific behavioral 

factors. The model involved five behavior variables as independent variables, 



 

28 

controlling gender and parents’ education level and clustered by school. The result 

showed that students who often looked both ways before crossing the street had a lower 

odds ratio for both road traffic crashes and near misses than the other students (RTC: 

OR=0.39, 95%CI [0.23, 0.67], p=0.001; Near miss: OR=0.42, 95%CI [0.26, 0.66], p<0.001). 

But no significant result was found among other behavior factors.  

3.7 Association between the built environment around schools 
and road traffic crashes 

Table 5 shows the effect of specific built-environment factors on road traffic 

crashes and near misses. Road type and road visibility were significantly associated with 

road traffic crashes and near misses when controlling gender, parent’s education level, 

and behavioral index. The odds ratio of RTC and near misses was significantly higher 

for the students whose school was located on roads without clear road traffic line. 

Students whose school was located on a one way road or roads with hills or bends were 

less likely to be involved in road traffic crashes and near misses. No significant 

association was found for other built-environment factors.  
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Table 5: Multivariate Regression for the built environment 

       Involving in road crashes 

       (n=1351) 

   Involving in near misses 

          (n=1335) 

Independent 

variables 

Odds ratio  

(95% CI) 

Significant 

level 

Odds ratio 

(95%CI) 

Significant 

level 

Road conditions 

Road type 

One way per side 1 - 1 - 

One way road 0.80(0.68,0.95) 0.013** 0.83 (067, 1.03) 0.096 

No clear line 10.10 (2.48,41.10) 0.001** 0.23 (0.47, 11.40) 0.300 

Road is narrow 1.79 (0.41, 7.85) 0.440 1.49 (0.29, 7.55) 0.630 

Dry and clean 0.77 (0.21, 2.83) 0.689 1.43 (0.30, 6.90) 0.654 

With curve 

(hill/bend) 

0.79 (0.71, 0.89) <0.001** 0.87 (0.78, 0.98) 0.020** 

Road facilities 

Shoulder 

Formal shoulder 1 - 1 - 

Informal shoulder 3.18 (0.61, 16.69) 0.172 2.30(0.50,10.50) 0.283 

No shoulder 1.35 (0.19, 9.79) 0.769 3.52 (0.65, 19.16) 0.146 

Having policeman 3.18 (0.64, 15.95) 0.159 2.95 (0.54, 16.04) 0.212 

Having parking area 2.32 (0.88, 6.12) 0.089 1.22 (0.34, 4.35) 0.765 

Having zebra line  2.44 (0.66, 8.99) 0.179 1.54 (0.74, 3.22) 0.251 

Controlled variables 

Gender 2.21 (1.53, 3.20) <0.001** 2.05 (1.56, 2.71) <0.001 ** 

Parents’ education     

< high school 1 - 1 - 

high school 1.08 (0.58, 1.99) 0.816 1.08 (0.70,1.68) 0.732 

> high school 1.01 (0.55, 1.85) 0.983 1.34 (0.78, 2.30) 0.288 

Behavioral index 0.74 (0.64, 0.85) <0.001** 0.82 (0.71, 0.95) 0.007** 
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4. Discussion 

This cross-sectional study examined characteristics of road traffic crashes, 

injuries and near misses, and investigated potential effect of demographic 

characteristics, behavior and the built environment on road traffic crashes and near 

misses among adolescents in Galle Sri Lanka. This study found that 15.1% of adolescents 

aged 16-18 years had experienced a non-fatal road traffic crashes in the past 6 months 

with 7.7% suffering minor or severe injuries. In total, 27.8% of adolescents reported 

having been involved in a near miss in the last 6 months. The majority of victims were 

involved as vulnerable road users: pedestrians, cyclists or motorcycle passengers. These 

are remarkable evidences showing that RTI is a huge unaddressed burden for 

adolescents in Sri Lanka, indicating that there is an urgent need to consider road traffic 

crashes and injuries experienced by adolescents, especially those vulnerable road users, 

as a public health priority in Sri Lanka.  

To the best of our knowledge, this is the first study focused on adolescents in Sri 

Lanka about their experiences on road traffic crashes and near misses. Comparing with 

previous cross-sectional studies based on police data or hospital data for all age group 

conducted in Sri Lanka (Navaratne et al., 2009), this study found a higher proportion of 

non-fatal road traffic crashes and injuries. This is mainly because of the under-report in 

previous studies. Our study showed that only 10.19% of students involved in road traffic 

crashes reported the crash to the police and 15.23% injured students sought health care, 



 

31 

indicating that previous studies based on police or hospital admitted data may lead to 

erroneous estimates of non-fatal road traffic crashes and injuries due to the high under-

report rate. What’s more, this high prevalence rate may also be caused by the fact that 

young people aged between 16-18 years old share a greater proportion of road traffic 

crashes compared to other age groups. Adolescents, as frequent road users with high 

mobility, usually play the role of pedestrians, bicyclist or vehicle passengers who has 

limited protection when involved in the crashes.  Therefore, compared with other age 

groups, adolescents are more likely to be exposed to risk factors and lead to a higher 

prevalence rate on road traffic crashes.  

In addition, this study investigates the characteristics of near misses. The results 

showed that near misses share a similar pattern with road traffic injuries on victims’ 

demographic and behavioral characteristics. Similarly, those who experienced near 

misses are more likely to be involved in road traffic crashes. This finding is consistent 

with the result of a previous study on the causal pathway of near miss and injury 

(Alamgir et al., 2009) and further supports the use of near miss as potential outcome 

measures for injury prevention programs. In addition, this finding indicates that 

intervention projects should pay more attention to adolescents who were involved in 

near misses since they carry a higher probability of being involved in road traffic crashes 

and suffering injuries.  
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This study also explores the potential risk factors for road traffic crashes and near 

misses. Consistent with previous studies (Herman et al., 2012; Jeepara & Pirasath, 2011; 

Weerawardena et al., 2013), the result shows that male adolescents are more likely to be 

involved in road traffic crashes, near misses as well as suffering injuries. Our findings 

show that although there are national motorcycle helmet and seat-belt laws (World 

Health Organization, 2013), the rate of wearing helmet and seat-belt is comparatively 

low among adolescents as motorcycle passengers or car passengers. Since our data 

supports that having good road use behaviors in general lead to a lower risk of being 

involved in road traffic crashes and near misses, more intervention projects should be 

launched to promote helmet use and seat-belt wearing among adolescents in Sri Lanka. 

What’s more, this study is one of the few studies that describe the built 

environment around schools and explore the effect of the built environment on the 

occurrence of road traffic crashes and near misses in a low and middle income setting. 

This study found that about 30% of road traffic crashes and near misses happened 

between school and home. This finding is consistent with previous studies in China 

(Jaung, Yu, Stallones, & Xiang, 2009) and the U.S. (Abdel-Aty, Chundi, & Lee, 2007) 

showing that the route from home to school is identified as a high crash risk area for 

students. Such results further support the previous intervention strategy applied mostly 

in developed countries about establishing safe routes to school to prevent school-aged 

pedestrian injury(Clifton & Kreamer-Fults, 2007; C. Dimaggio & Li, 2013; Johnston et al., 
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2006). Additionally, the built-environment analysis demonstrated that most of the roads 

around schools were in poor condition with inadequate facilities to control the vehicle 

flow and separate the young pedestrians from vehicles. A higher rate of road traffic 

crashes and near misses were observed when the school was located on the road 

without clearly displayed lanes. This evidence demonstrated that the current road 

design and facilities in developing settings lacked protections for vulnerable road users; 

special attention should be paid to improve road quality so as to protect young 

vulnerable road users in resource-limited settings.   
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5. Limitations 

As a cross-sectional survey, several limitations need to be considered when 

interpreting our research findings. First, information about road traffic crashes, near 

misses, and behavioral factors were collected retrospectively in this cross-sectional 

survey. A natural limitation of cross-sectional surveys is the inability to explain the 

causal relationship of these factors. Similarly, it is also impossible to infer causality of 

environmental factors around schools on road traffic crashes. Several factors, such as 

community environment, family economic level, and the built environment on the way 

to school may also be associated with the occurrence of road traffic injuries and crashes; 

but this information was not considered in the analysis. However, this study does add 

new knowledge to the academic field by indicating that road traffic crashes and injuries 

in resource-limited settings are also attributable to environmental and behavioral factors 

similar to what had been found in developed countries. Therefore, further studies 

should be conducted to examine the mechanism of how behavior and built-environment 

factors influence the occurrence of road traffic crashes and injuries especially in a 

developing setting.  

Secondly, this study excluded 5 public schools where the official language is 

Tamil due to language limitations. Although respondents could well represent most of 

the adolescents in this area, religious factor are underrepresented. However, since the 

association of environmental factors around school and demographic characteristics on 
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road traffic crashes were found, we could further estimate the epidemiological situation 

among students from these schools. Further studies around Muslim schools are needed 

to understand whether religion affects the epidemiological situation of non-fatal crashes. 

Additionally, the sample size is well representing non-fatal road traffic crashes but gives 

very few information on fatal road traffic crashes. Therefore, there is a selection bias as 

the result cannot explain the adolescents who were involved in the fatal road traffic 

crashes in the past 6 months.  

Lastly, the information in the survey is self-reported and the observation of the 

built environment is subjective. Therefore, there are self-report biases included in this 

study. For instance, adolescents who perceive the roads as unsafe could be more likely 

to report their experience.  
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6. Implication for policy and future research 

This study adds knowledge to the global injury academic field by describing the 

burden of road traffic crashes and the environmental factors related to crashes and 

injuries in Sri Lanka. The results show that adolescents in Sri Lanka suffer a relatively 

high burden of road traffic crashes and injuries. More attention should be paid to these 

vulnerable groups and more actions should be taken from the perspective of policy 

makers, public health practitioners and researchers.  

The government should set road traffic injury prevention as their top public 

health priority. The high under-reporting rate (10%) of road traffic crashes and injuries 

among adolescents demonstrates that it is necessary to establish a better surveillance 

system to estimate the burden of road traffic crashes and injuries. In addition, the low 

rate of seat-belt wearing and helmet use indicates that enforcement of the national road 

traffic law is low. Safe road use behaviors cannot be maintained without government 

enforcement and regulation. The government should also provide incentives for the 

manufacturers to reduce the cost of helmets and to improve the safety of vehicles. 

What’s more, this study also shows that allocating more resources on improving the 

road structures and facilities around schools with a special consideration for adolescents 

and other vulnerable road users is a potential effective way to prevent the increasing 

burden of road traffic crashes among adolescents.  
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As for public health practitioners and researchers, more studies and intervention 

projects could be designed and implemented to further improve the safety of 

adolescents on the roads. Studies are needed to understand the causality of risk factors 

on road traffic injuries and crashes, which could provide further evidence on the 

intervention approach for injury prevention. The results from this study imply the need 

of intervention program on improving safe road behaviors among adolescents. Such 

intervention program could be targeted on male adolescents, those who involved in the 

near misses and those who go to school as vulnerable road users. In addition, improving 

safety on the way to school is also considered as a potential effective strategy to protect 

young people from road traffic crashes.  
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Appendix A: School lists 

Name of Schools Latitude Longitude  Note 

Mahinda Collage - Galle 6.049668 80.215218 

 Richmond Collage – Galle 6.05314 80.204987 

 RipponBalikavidyalaya – Galle 6.052675 80.203387 

 SangamitthaBalikaVidyalaya – Galle 6.047081 80.212609 

 Southlands BalikaVidyalaya – Galle 6.027835 80.216079 

 St. Aloysius Collage – Galle 6.035766 80.212068 

 VidyalokaVidyalaya - Galle 6.034652 80.216315 

 Zahira collage - Galle 6.071347 80.179152 Exclude (Muslim) 

Malharzulliya Collage - Galle 6.044928 80.223873 Exclude (Muslim) 

Secreted Heart Convent  - Galle 6.036379 80.211142 

 JayawardenaMahaVidyalaya - Dangedara 6.049882 80.219599 

 SudharshiMahaVidyalaya - Athiligoda 6.049332 80.230245 

 GintotaMahaVidyalaya 6.062229 80.177249 

 OlcottMahaVidyalaya - Galle 6.039972 80.221898 

 ParamanandaMahaVidyalaya - Galle 6.043922 80.210521 

 SudharmmaMahaVidyalaya  -Ma Galle 6.034139 80.236801 

 OlsentsMahaVidyalaya - Galle 6.028399 80.216124 

 G/ Muslim BalikaVidyalaya 6.042485 80.224232 Exclude (Muslim) 

G/ UswathunHasanaVidyalaya 6.032269 80.242044 Exclude (Muslim) 

ZulimaniyaVidyalaya - Hirimbura 6.062076 80.220615 Exclude (Muslim) 

AnuladeviBalikaVidyalaya 6.038116 80.230122 
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Appendix B. Questionnaire 

1. How much time do you usually spend going to school each day? 

�1. <10 minutes; �2. 10-20minutes; �3. 20-30 minutes; �4. >30 minutes 

2. What is the name of the nearest junction to your home? 

____________________________ 

3. What is the main form of transportation you use to/from school? 

�0, walking; �1, riding bicycles; �2, taking 3-wheel vehicle; �3, taking 

school buses; �4, taking private cars �5. Taking public buses; �6. Taking school 

vans �7. Taking train  8. Others_____ 

Questions 4-11 are about your traffic crash history in the past 6 months. A traffic crash 

is defined as being hit by any type of vehicle on the road during activities such as crossing, 

walking, playing, bicycling, or riding in a vehicle, regardless of where the collision took place.  

4. Have you ever been involved in a road traffic crash in the past 6 months?  

�1. Yes, �0.No (skip to question 12). 

If there is more than one crash, please answer the following questions based on 

the most severe one.  

5. What time of the day was this crash? 

�0. Morning �1.Daytime �2. Evening �3. Night time �9. Can’t remember  

6. How were you involved in the crash? 

�0. Pedestrian �1. Cyclist, �2. 3-wheel passenger, �3. Motorcycle 

passenger, �4. Car passenger, � 5 Public bus passenger, �6.  School bus 

passenger �7. Other___ �9. Can’t remember 

7. Were you going to or from school when you were involved in this crash? 

�1. On the way to school         �2. Returning home from school  

�0. No                                           �9. Can’t remember 
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8. Were you injured?   �0. No         �1. Minor Injury     �2. Severe Injury 

9. Were you hospitalized?     �1. Yes       �0. No 

10. How many days were you out of school because this traffic crash?   

___________Days 

11. Did you or someone report this crash to the police?   �1. Yes       �0. No 

Questions 12-16 are about near misses, which are defined as an unplanned event which 

did not result in injury, damage, or harm, but had the potential to do so.  

12. How many near misses have you been involved in over the past 6 months?  

�0.  0 (skip to question 17) �1. 1-2 �2. 3-4  �3. 5-6 �4.  >6 

If you have experienced more than one near miss, please answer the following 

questions based on the most recent one.  

13. What time of the day was this near miss? 

�0. Morning �1. Daytime �2. Evening �3. Night time  �9. Can’t remember 

14. How were you involved in this near miss? 

� 1. Pedestrian �2. Cyclist, �3. 3-wheel passenger, �4. Motorcycle passenger, 

�5. Car passenger, �6. Public bus passenger, �7. School bus passenger �8. 

Other___ �9.Can’t remember 

15. Were you at the way to or from school when you were involved in this near miss? 

�1.Yes, on the way to school     �2. Yes, one way back to home from school  

�0. No.                                   �9. Can’t remember 

16. What is the other vehicle involved in this near miss? 

�1. Bicycle �2. 3-wheel vehicle, �3. Motorcycle �4. Car �5. Bus �6.  Other �9.  

Can’t remember  

Questions 17-23 are about your safety behavior on the way to/from school. 

17. Over the past month, how frequently have you looked both ways before crossing 

roads?  

�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 

18. Over the past month, how frequently have you played in the road? 

�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 

19. Over the past month, how frequently have you played on the sidewalk? 
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�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 

20. Over the past month, how frequently have you texted while walking? 

�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 

21. Over the past month, how often have you worn helmets while motor-bicycling?  

�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 6. 

Not applicable 

22. Over the past month, how often do vehicles you ride in have seat belts? 

�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 6. 

Not applicable 

23. Over the past month, how often have you worn safety belt in a vehicle (if there is 

a safety belt)? 

�1. Never, �2. Occasionally, �3. Sometimes, �4. Very often, �5. Always 6. 

Not applicable 

24. What is your gender?  �1. Male �0. female 

25. What year were your born? _________ 

26. What is the highest level of education completed by your parents?  

�1. Primary School �2. Middle school or equivalent �3. High School or 

equivalent �4. College graduate or equivalent �5. Master’s degree or equivalent 

�6. Doctoral degree or equivalent 

27. What are three most important sources where you get general information (Please 

choose three.) 

�1. Newspapers �2. Magazines �3. Radio �4 Social media (e.g., Facebook, 

Twitter, etc.) 

�5. Internet (excluding social media) �6. Teachers �7. Parents    �8. Friends  

9. TV  
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Appendix C. Built Environment Data collection form 

Field Label Choices, Calculations, OR Slider Labels 

School number 

 area 0, Rural | 1, Urban | 99, Unknown 

paved 0, No | 1, Partially paved | 2, Full paved | 99, Unknown 

Number of lanes for the road 

0, no clear lean | 1, one way road | 2, One lane per side | 3, 

Two lanes per side | 4, two lanes near school side, one lane 

far school side | 5, two lanes far school side+one lane near 

school side | 90, others | 99, Unknown 

Clear median 

0, No clear median | 1, Yes, clear centre line | 2, Yes, safety 

barrier | 3, Yes, flexible posts | 4, Yes, central hatching | 90, 

Others | 99, Unknown 

Clear line 

0, No clear line | 1, Yes, clear line for both direction | 2, Yes, 

clear line for only one direction | 99, Unknown 

narrow 

0, No | 1, Yes - road damage | 2, Yes - pedestrian density | 3, 

car density | 4, tuktuk density | 5, parked cars | 90, others | 

99, unknown 

surface 

0, Dry | 1, Wet | 2, Flooded with water | 3, Slippery surface 

(oil, mud, garbage, leaves) | 4, holes | 90, Others | 99, 

Unknown 

visibility 

0, no curves/hills | 1, up hills | 2, down hills | 3, bend | 90, 

others | 99, unknown 

shoulders 

0, no shoulders | 1, formal shoulders | 2, informal 

shoulders(including lane for pedestrians) | 90, others | 99, 

unknown 

Crossing of pedestrians 

0, none | 1, Traffic light for pedestrians Special Stage | 2, 

Central flowerbeds | 3, Crosswalks (zebradas) | 4, 

Underpasses | 5, Overpass | 6, Delineation of school zones | 

7, Pedestrian Lane for walking | 90, Others | 99, Unknown 

Presence of traffic light 0, No | 1, Yes | 99, Unknown 

Existence of road sign traffic 

0, No | 1, Yes, near school signs | 2, Yes, stop signs | 3, Yes, 

slow down signs | 90, Others___ | 99, Unknown 

Speed limit for cars  

0, <=40 kmph | 1, between 40-60 kmph | 2, 61-80kmph | 3, 

80-110 kmph | 4, >110 kmph | 99, Unknown 

Existence of policeman 0, No | 1, Yes | 99, Unknown 

Existence of parking area 0, No | 1, Yes | 99, Unknown 

Existence of bus stop 0, No | 1, Yes | 99, Unknown 

Density of pedestrian along 

the street  

Density of pedestrian cross 

the street  
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Density of motorcyles 

 Density of tuktuk 

 Density of cars 

 Density of other vehicles 
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Appendix D. Key variables for analysis 
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