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Abstract: Changes in travel behavior for commuters living in the suburbs have a lot of 

disadvantages and consequences, such as unsafe travel behavior. This paper reviews the literature 

on the connection between roadway safety and travel behavior on the suburban highway networks. 

Through a systematic synthesis of peer-reviewed studies, this review evaluates key exposure 

variables including transportation mode, road conditions, traffic conditions, land use patterns, 

socio-economic factors, and trip attributes. This review analyzes the resilience of reflective 

indicators of safe travel behavior. Evidence shows that low-density urban forms increase 

dependence on motorcycles, travel distances, congestion, and accident severity. These insights 

inform suburban planning and the design of safety-oriented policies. 
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1. Introduction  

The expansion of urban areas into suburbs is a global 

phenomenon. The director of the Tennessee Valley 

Authority, Earl Draper, used the term "sprawl" in 1937 to 

refer to unsightly and unprofitable settlement types1). 

Several decades later, William H. Whyte Jr. established the 

phrase "urban sprawl" in urban planning discourse with the 

seminal essay in Fortune magazine, which was 

subsequently published in The Exploding Metropolis2). 

The rapid expansion of residential areas in the suburbs is 

commonly associated with urban sprawl. This 

phenomenon creates a spatial disconnect between where 

people live and work, leading to transportation problems 

with high dependence on private vehicles3,4), low 

population density in new settlements, uneconomical 

infrastructure and public service provision rural 

depopulation5), fuel energy waste6), and high maintenance 

costs7) for road networks connecting suburbs to the city 

center, reduces service efficiency as public transit, 

emergency services, and waste management become more 

expensive and less effective8) and finally the spatial 

separation between housing, employment, and activity 

spaces leads to longer commuting distances, with 

disparities shaped by socioeconomic characteristics and 

land use patterns9).  

Road network expansion is a major driver of urban sprawl 

in both developed and developing countries. Empirical 

evidence shows that new and expanded road corridors 

stimulate residential growth, population increases, and 

rising numbers of housing units across numerous cities10). 

In European contexts, road provision has been associated 

with large-scale suburbanization11). Similarly, extensive 

road networks in low-density areas influence traffic 

volumes and the performance of these networks, 

depending on transportation distribution and planning 

priorities12). Even in regions with well-established public 

transport, road expansion continues to shape metropolitan 

spatial form13). 

A different condition occurs in developing countries. The 

phenomenon is a lack of infrastructure, public facilities, 

and basic services, accompanied by little or no public 

transport and inadequate road access14); with low densities 

in peri-urban areas, agricultural and arable land turns into 

housing, and public facilities are scattered, as a result, the 

provision of infrastructure and utilities in these areas 

EVERGREEN ­ Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 13, Issue 03, pp. 1214­1242, September, 2026

- 1214 -

Cite: L. Ambarwati et al., "Safe Travel Behavior as a Requirement for Minimizing Accidents in The
Suburbs: A Conceptual Review". Evergreen, 13 (03) 1214­1242 (2026). https://doi.org/10.5109/7441991.



becomes expensive15,16) which results in high fiscal costs 

for infrastructure and health problems17). 

As in other developing countries, residential development 

in the suburbs of Indonesia has different characteristics. 

Most major cities in Indonesia experience the phenomenon 

due to several factors, most notably the improvement of 

the road network that tends to extend into the suburbs, such 

as the Jakarta Metropolitan Area (JMA). The improvement 

of the road network over the past three decades has resulted 

in economic and land use development. It has increased 

industrial areas and residential areas in the suburbs18,19), 

and the transformation of rural land into new cities in the 

periphery of Jakarta, with the development of the road 

network20,21), settlements, and business developments 

occurring along the road to the city center22). This 

phenomenon also occurs in Surabaya City where a large 

share of the population lives in the suburbs23,24), as 

illustrated by Normalized Difference Built-Up Index 

(NDBI) indicating a 43.95% conversion of non-built-up to 

built-up area between 2002 and 2018 due to the urban area 

widening25), most of whom travel daily to work in the city 

center, economic growth and settlement development in 

the suburbs have a significant impact on mobility 

characterized by traffic congestion caused by the 

increasing number of motorcycles and private cars26).  

Motorcycles have become the dominant mode of transport 

in Indonesia, particularly in big cities such as Surabaya27). 

This condition is also due to the lack of public transport 

facilities available in suburban areas28). Beyond its effects 

on mobility, the fast suburbanization process has wider 

environmental costs. It contributes to rising energy 

consumption in Indonesian cities, including Surabaya29). 

More critically for this review, motorcycle dependence 

combined with dispersed suburban development 

intensifies exposure to road safety risks on suburban 

networks. 

Changes in travel behavior occur due to several factors 

from the commuter background, for example, socio-

economic factors, as well as perceptions and travel 

behavior related to regional expansion in two Iranian 

cities30), the main daily activity, number of non-commuting 

trips, mode choice for non-commuting, choice of 

residential location as well as monthly income, length of 

stay in the current home in the suburbs, and travel distance 

affects travel behavior and travel satisfaction with 

transportation modes and trip duration with differences in 

residential location and location of main activities outside 

the home31), the impact of the spread of growth centers 

from the center to the periphery affects accessibility, 

availability of new public services, developer initiatives, 

and physical characteristics of the area, and causes social 

transformation in local communities as occurred in the 

Jalan Tun Abdul Razak Corridor, Makassar, Indonesia32).  

Land use change occurs significantly with low density on 

all sides of the periphery. The commuters from this area 

cause traffic congestion on the highway network, which is 

the entrance to the city center, due to changes in the travel 

behavior of residents who mostly use private vehicles33). 

Similar dynamics have been documented in the Jakarta 

Metropolitan Area, where land use change in the urban 

fringe of Bekasi City progressively intensified transport 

complexity and commuter dependence on private 

vehicles34).  

Changes in travel behavior will lead to an increase in 

accidents. Existing research has not sufficiently provided 

integrated empirical evidence that directly explains the 

impact of urban sprawl on accidents, focusing on 

motorcyclists as accident victims. Traffic accidents are a 

threat to society and a significant source of disability in 

both developing35-37).and developed countries38-39). 

Currently, urban sprawl will increase trip generation and 

attraction to/from residential areas in the suburbs which 

will also grow vehicle ownership, dependency on motor 

vehicles, vehicle miles traveled (VMT), travel time, 

congestion, and accident rates40), and lead to a trend 

towards the use of private vehicles41) especially 

motorcycles27) due to inadequate public transportation 

facilities in suburban areas42). This condition is because 

most commuters live in lower population density areas and 

work in higher-density city center areas43). This situation 

will also increase the number of minor and severe crashes 

that occur in urban areas, while fatal crashes are more 

common in suburban areas44).   

Several literature reviews have partially addressed the 

intersection of traffic safety and travel behavior, yet each 

covers only fragments of the problem examined in this 

paper. A review of crash density and suburbanization in 

the Chengdu urban area, China, established the spatial 

association between urban expansion and crash 

concentration but focused on environmental factors 

involving predominantly four-wheeled vehicles, without 

addressing commuter behavioral responses45). A review of 

urban design factors influencing traffic crashes 

systematically categorized determinants into land use, 

complementary buildings, road equipment, and 

landscaping, but treated crashes solely as outcomes of 

physical design, overlooking the socioeconomic 

characteristics of road users and their behavioral 

adaptations46). A review of factors associated with safe 

driving behavior comprehensively mapped social, 

economic, physical, environmental, and human 

determinants, but was conducted predominantly within 

car-oriented, high-income country contexts and did not 

examine how crash experience itself reshapes subsequent 

travel behavior47). Meanwhile, reviews addressing road 

safety in developing countries have mostly concentrated 

on infrastructure deficits and resource allocation, such as 

road48-51), and driving conditions52-53), without integrating 

these structural constraints into a safe behavioral 

framework. 
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As a result, the current review literature fails to address 

four gaps. First and foremost, no previous review has 

systematically incorporated exposure variables such as 

socioeconomic characteristics, travel characteristics, 

transport modes, road conditions, traffic conditions, and 

land use patterns with crash experiences and safe travel 

behavior within a single conceptual framework. Second, 

suburban road networks, the nexus of land use 

transformation, commute intensity, and infrastructure 

deficiencies have not received much attention in the 

present evaluations, which have mostly concentrated on 

urban cores. Third, commuters' behavioral responses 

comprise different dimensions of regulatory compliance, 

cautious driving, perceived safety and comfort, but safe 

travel behavior has typically been viewed as a 

unidimensional entity. Fourth, the research basis of 

previous evaluations is primarily focused on high-income, 

car-oriented countries, which limits its application to 

developing nations like Indonesia where motorcycles 

predominate. 

Therefore, this conceptual review aims to synthesize 

current research on the links between exposure variables, 

crash risk, and safe travel behavior among suburban 

commuters, particularly motorcyclists, and to examine 

how crash experience mediates the relationship between 

environmental exposure and behavioral adaptation. To 

address these gaps, this study proposes an integrated 

conceptual framework (Figure 1) that shows how external 

and internal factors affect motorcycle crash experience and 

safe travel behavior in emerging economies. 

Socioeconomic parameters (X1) consisting of economic 

and social conditions30, 54), and travel characteristics (X2) 

including trip distance, frequency, temporal patterns, and 

route preferences9), are included. 

Transportation modes (X3), which encompass private 

motorcycles (X3B) and online motorcycle taxis (X3A)55); 

road conditions (X4), which are indicative of the quality of 

infrastructure and geometric design56); traffic conditions 

(X5), which are indicative of operational performance, 

flow, and congestion57); and land use development (X6), 

which encompasses patterns of human activity and spatial 

development, such as terrain, density gradients, and 

mixed-use development, which influence trip generation 

and modal split58), and have been demonstrated to 

influence traffic safety outcomes in urban areas59). 

In this framework (Figure 1), crash experience (Y1) serves 

as a mediating variable, not simply an outcome between 

exposure variables (X1, X2, X3, X4, X5 and X6) and safe 

travel behavior (Y2). The process by which environmental 

exposure results in behavioral change provides theoretical 

support for this position. Crash experience (Y1) including 

crash frequency, severity, and total crashes represents 

observable crash patterns that serve as risk information 

signals, triggering threat assessment and driving 

behavioral adaptation.  

Exposure to road conditions such as inadequate road 

geometry, high traffic volume, or a lack of road equipment 

does not automatically translate into behavioral change; 

rather, the association between exposure and behavior is 

substantially mediated by accident-related risk 

information60). Risk perception mediates the relationship 

between driver demographics and risky driving behavior61). 

Furthermore, the relationship is moderated by the mode of 

transportation, whether it be a private motorcycle or an 

online motorcycle taxi, which either strengthens or 

weakens the impact of the crash experience on subsequent 

behavioral adaptation. 

Empirical support for this mediation pathway is further 

provided by evidence that accident information 

reorganizes risk schemas and motivates behavioral 

change62), including SEM-based findings on the mediating 

role of traffic safety awareness in the relationship between 

road safety attitudes and driving behavior63). 

The contribution of the conceptual review is to consider 

external and internal factors influencing safety aspects and 

changes in safe travel behavior among residents living in 

suburban areas of large cities in developing countries, 

particularly Indonesia. This study adds three elements: (1) 

a behavioral-contextual paradigm that explains the direct, 

moderating, and mediating relationships between exposure 

variables, crash experience, and safe travel behavior 

(Figure 1); (2) an operationalization of safe travel behavior 

as a multidimensional construct comprising regulatory 

compliance, cautious driving, perceived safety and 

comfort; and (3) a repositioning of crash experience as a 

mediating variable rather than a terminal outcome, 

grounded in risk perception theory. 

There are five hypotheses to be tested. H1: Exposure 

variables significantly influence suburban crash patterns. 

The frequency, number and severity of accidents occurring 

in suburban areas are largely determined by 

socioeconomic factors (gender, age, income, education, 

occupation, driver's license), trip characteristics (cost, 

length, time, frequency), road conditions (pavement, road 

equipment and signs, geometry, road structure, queues, 

accessibility/integration), traffic conditions (volume, side 

friction, speed), and land use patterns (development 

opportunities, mixed land use). H2: The association 

between suburban exposure conditions and collision risk is 

moderated by the mode of transportation. The principal 

means of transportation for commuters in low-density 

suburban areas with little mixed-use development and poor 

accessibility are increasingly private motorcycles or online 

motorcycle taxis. The exposure-crash relationship is 

moderated by this motorcycle dependence: commuters 

who rely on motorcycles are more vulnerable to the effects 

of suburban development conditions on accident risk, as 

their exposure is increased by longer travel distances, more 

frequent trips, and higher traffic volumes than those who 

use other modes. 
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Further hypothesis, H3: Crash experience mediates the 

relationship between exposure variables and the three 

dimensions of safe travel behavior. The experience of 

crashes, encompassing frequency, quantity, and severity, 

is anticipated to mediate the association between exposure 

variables and safe travel behavior by influencing 

commuters' risk perceptions. Behavioral responses in three 

dimensions will result from this: regulatory compliance 

(adherence to traffic laws), cautious driving (driving 

attentively and prudently), and perceived safety and 

comfort (experiencing tranquility, security, and ease). H4: 

The current guidelines for safe travel behavior are 

inadequate for suburban settings in developing countries. 

The three behavioral dimensions of regulatory compliance, 

cautious driving, and perceived safety and comfort are 

fundamentally shaped by structural constraints that are 

reflected in the exposure variables of this review: 

inadequate pavement and road equipment, poor road 

geometry and structure, limited accessibility and 

integration, queuing conditions, and affordability 

limitations restricting mode choice. Conventional 

definitions ignore these constraints. H5: An integrated 

conceptual model linking exposure variables, crash 

experience, and behavioral dimensions improves suburban 

transport planning. A more integrated conceptual model 

that systematically links the six categories of exposure 

variables (socio-economic, travel characteristics, 

transportation modes, road conditions, traffic conditions, 

and land use patterns) with crash experience, and 

subsequently with the three dimensions of safe travel 

behavior: regulatory compliance, cautious driving, and 

perceived safety and comfort is expected to provide better 

information for suburban transport planning and to reduce 

crash risks through targeted, evidence-based policy 

interventions. 

In order to comprehend safe travel behavior, the study used 

a novel approach to data synthesis that combined 

qualitative and quantitative methods. The results of this 

study are expected to address the gaps in earlier studies, 

notably regarding the relationship between safe travel 

behavior and crash experiences as a mediating variable. 

This approach is the foundation for creating a sustainable 

housing area that emphasizes encouraging commuters to 

drive safely, especially motorcyclists, who are most 

frequently affected and are accident victims. 

The sections that follow provide a conceptually oriented 

review of the existing literature on the urban sprawl 

phenomenon, traffic safety, and travel behavior. The first 

section of this study explains the theories of internal and 

external variables, crash experiences and safety behaviors 

and the relationship between traffic crashes and safe travel 

behavior remains unclear and even contradictory, 

particularly in developing countries due to urban sprawl. 

The second section proceeds to measure the exposure 

variables that contribute to the high crash risk and unsafe 

travel discussed in this study and discusses their potential 

shortcomings in maximizing safe travel on suburban road 

networks. The article concludes with a discussion and 

argumentation for a more robust theoretical framework on 

exposure variables and traffic risks associated with safe 

travel, as well as improved research designs to clarify 

indicators reflecting safe travel behavior to minimize the 

likelihood of crashes for motorcyclists.

 

Fig. 1: Categorization of Exposure and Mediating Variables in the Model by Relation to Safe Travel Behavio 
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2. Methods 

This study focuses on safe travel behavior, with a primary 

review of the literature, particularly for commuters' 

behavior when using motorcycles. It emphasizes small 

residential areas, specifically suburban neighborhoods, 

where people live. 

This conceptual review investigates safe and unsafe travel 

behaviors among motorcycle commuters in suburban, low-

density residential areas of developing countries. This 

study, which focuses on understanding the complicated 

dynamics of movement, collision dangers, and spatial 

relationships in a complex urban setting, sets strict 

inclusion and exclusion criteria utilizing a sophisticated 

multidimensional methodology. 

The study intends to produce new insights into the 

complex nature of travel behavior by using this cutting-

edge analytical technique, going beyond conventional 

descriptive studies to offer a more thorough and nuanced 

understanding of mobility dynamics in difficult urban 

situations. To implement the methodological approach, 

two sets of phrases were searched. The first was to find 

literature on accidents involving private vehicles as 

victims, and the second was to search literature related to 

safe travel behavior. Terms related to accidents include 

“accident”, “collision”, “accident victim”, ‘injury’, and 

‘safety’ and variations of those terms. While search terms 

related to safe travel behavior include “travel behavior,” 

‘safe travel,’ ‘commuter behavior,’ and” safe travel 

behavior.” The databases Google Scholar, Scopus, Science 

Direct, Mendeley, and Web of Science were searched 

using these terms. The results are 404 papers identified for 

closer examination. Furthermore, the abstracts of these 

papers were reviewed to determine whether the unit of 

analysis was a representative term searching, such as sex, 

age, education, income, and occupation, as the unit of 

analysis of socio-economic status. All such papers were 

included, and no other criteria were excluded. Literature 

reviews in the original list were also included. After this 

screening stage, there are 213 papers identified for full 

review.  

The next step was to compile a summary of all the 

publications included in the entire review, detailing the 

research location, the unit of analysis, the victim accident 

rate, the statistical approach, crash types, the treatment of 

exposure as a concept, and the principal conclusions. 

Additional papers from forward and backward searches, 

which focus more specifically on a particular issue, were 

also included, even though these 213 papers are the 

primary focus of the analysis. This step is necessary 

because more literature is needed to examine a particular 

topic of interest. Travel patterns in developing countries 

are used in several of these other relevant publications. 

Techniques to eliminate potential bias and maintain 

methodological openness were elaborated upon by the 

inherent limitations of the literature review process. A 

critical approach to mitigating individual interpretation 

bias is to involve a large number of impartial assessors. 

The review process upholds high standards of scientific 

impartiality by using a consensus-based methodology in 

which disagreements are methodically examined and 

settled. The quality assessment framework emerges as a 

very complex component of this scientific approach.  

This study employed a data synthesis strategy that 

integrated qualitative and quantitative approaches64,65) to 

understand safe travel behavior. By adopting 

methodological complexity, this study explores the 

dynamic interactions between socio-economic and travel 

characteristics, traffic conditions, infrastructure, socio-

spatial configurations, and crash risks, challenging 

existing conceptual frameworks through a rigorous and 

open analytical approach. 

3. Theory: Exposure Variables, Traffic 

Accidents and Safe Travel Behavior  

Traffic crashes and several aspects related to accidents 

resulting from urban sprawl, with the development of 

settlements on the periphery, have been studied since 

200266). Several impacts of urban sprawl include increases 

in dependence on cars, car accidents, air pollution, and 

pedestrian injuries and fatalities. Higher traffic fatalities 

occur in denser areas67). Other studies, road crash risk 

analysis related to spatial distribution of residential choice 

with case studies in the German States of North-Rhine 

Westphalia and Lower Saxony68); an inefficient traffic 

network system and ineffective management, resulting in 

high volume capacity ratio (VCR) more than 1, traffic 

accidents, and air pollution also occur in Thailand69); there 

is the connection between city-level traffic congestion and 

fatalities from traffic accidents in an extensive network of 

roads due to higher speed variance among vehicles for big 

European cities57). 

Previous studies explain the partial relationship between 

travel behavior changes and subsequent accident rate 

changes due to urban sprawl. For example, the 

development of settlements on the periphery will increase 

daily mileage by teenage drivers as well as fatality risk 

among teenagers70,71); sprawl also has a significant direct 

impact on higher speeds and an indirect impact on longer 

travel distances that can result in fatal crash rates56). 

Research related to accidents in suburban areas mainly 

examines accident reviews and travel behavior, along with 

the factors that partly influence them. There is limited 

empirical evidence explaining the direct effects on driver 

behavior during travel, especially among motorcyclists, 

who are affected by these accidents, making up about 63% 

of all traffic accidents. The number of accidents continues 

to rise each year due to insufficient handling of road safety 

programs72). 
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Several factors, such as social, economic, physical, 

environmental, and human factors, are associated with safe 

driving behavior73). Concerning spatial structure patterns 

and the correlations between urban form and travel 

behavior, disaggregated data are used for comparison74). 

The increasing number of households relocated to 

suburban cities increases travel distances, resulting in 

increased car ownership.  

Existing research is still partial, so policies to minimize the 

impact of urban sprawl are not optimal, such as, land use 

policies have a significant effect on traffic safety research 

conducted by (Asadi, 2022)59), trends in spatial changes 

and the dynamics of traffic accidents must be applied in 

Asian countries75), Law No. 41 of 2009 failed to be 

implemented because the focus on resolving urban sprawl 

with the implementation of sectoral policies, limited to the 

agricultural sector alone and not connected to policies on 

providing housing and limiting motorized vehicles76). 

The results of this study will fill the gap left by previous 

research, specifically regarding the relationship between 

exposure variables and safe travel behavior, with accident 

rates acting as a mediating variable, as seen in Table 1. 

This concept serves as a foundation for developing a 

sustainable settlement model. The study focuses on 

creating sustainable settlements that emphasize safe travel 

behavior for drivers, particularly motorcyclists, who are 

most often injured in accidents. 

Table 1: Summary of impactful studies on exposure variables and traffic safety outcomes 

Study Country / 

Context 

Method & Data Key Findings Contribution to This 

Conceptual Review 

Frumkin 

(2002)66) 

USA Narrative synthesis of 

public-health 

evidence on sprawl 

Established sprawl as a driver 

of car dependence, road 

crashes, air pollution, and 

pedestrian injuries and 

fatalities, initiating the sprawl 

linkage safety research 

agenda. 

Historical starting point since 

2002 linking peripheral 

settlement development with 

crash outcomes (X6→Y1). 

Ewing, Schieber 

and Zegeer 

(2003)67) 

USA (448 

counties, 101 

metro areas) 

Sprawl index through 

principal component 

analysis and 

regression on fatality 

rates 

Denser locations had greater 

traffic fatalities per exposure, 

but more compact counties 

had lower all-mode and 

pedestrian traffic fatality rates. 

The density–fatality link that 

underlies H1 (land usage → 

crash severity) has an empirical 

foundation. 

Scheiner and 

Holz-Rau 

(2011)68) 

Germany 

(North-Rhine 

Westphalia, 

Lower Saxony) 

Residential-location 

approach: two case 

studies of crash risk 

Road crash risk is correlated 

with the geographical 

distribution of residential 

choice, meaning that people's 

exposure to crashes is 

influenced by where they 

choose to live. 

Supports the perceived safety 

and comfort dimension and the 

residential-location → exposure 

pathway that is essential to H1. 

Iamtrakul and 

Klaylee 

(2021)69) 

Thailand 

(Pathumthani 

suburb) 

Commuter survey; 

volume capacity ratio 

(VCR) analysis 

In a suburban environment, 

ineffective network 

management resulted in VCR 

≥ 1, increased crash 

frequency, and air pollution. 

Demonstrates how suburban 

network inefficiency (X4, X5) 

affects collision probability in 

developing nations. 

Albalate and 

Fageda (2021)57) 

Big European 

cities 

Panel analysis of 

indicators related to 

traffic and road safety 

Traffic fatalities on large road 

networks are associated with 

city-level congestion, which is 

caused by increased vehicle 

speed variance. 

The traffic-condition variable 

(X5) and the congestion-fatality 

mechanism that inform H1 are 

grounded. 

Trowbridge and 

McDonald 

(2008)70) 

USA Teenage daily 

mileage compared to 

sprawl analysis 

Teenage drivers' daily car 

miles increased as a result of 

peripheral settlement, 

increasing their fatality risk. 

Demonstrates the susceptible 

group's sprawl (X2→Y1) → 

VMT → fatality chain. 
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Travisi, 

Camagni and 

Nijkamp 

(2010)71) 

Italy Sprawl and commuter 

modeling research 

 

 

The mobility cost of scattered 

growth was confirmed by 

urban expansion, which 

increased commute distance 

and related hazard exposure. 

Supports the use of trip-

characteristic exposure (X2) as a 

crash risk predictor in H1 and 

H2. 

Ewing, Hamidi 

and Grace 

(2016)56) 

USA 

(metropolitan 

counties) 

Modelling structural 

equations using the 

most recent 

compactness/sprawl 

index 

Higher speeds and longer 

travel distances are two major 

direct effects of sprawl that 

increase the number of fatal 

crashes. 

Provides establishes crash 

experience (Y1) as a mediator in 

H3 by providing the direct–

indirect (mediation variable) 

modeling logic. 

Abusini and 

Ambarwati 

(2017)72) 

Indonesia 

(highland road 

sections) 

Motorcycle 

Accidents: A 

Generalized Linear 

Model 

Approximately 63% of traffic 

accidents include 

motorcyclists, and yearly 

increases are linked to 

inadequate road safety 

initiatives. 

Explains why this review focuses 

on motorcyclists and why H4 

should be framed in terms of 

developing nations.  

Patwardhan et 

al. (2020)73) 

Multi-context 

(travel research) 

An analysis of 

personal, social, 

economic, physical, 

and environmental 

aspects 

Rather than a single predictor, 

a wide range of social, 

economic, physical, 

environmental, and human 

elements are linked to safe 

driving behavior. 

Supports the operationalization 

of safe travel practices in 

multiple dimensions (Y2). 

Figueroa, 

Nielsen and 

Siren (2014)74) 

Comparative 

(age cohorts) 

Comparison of 

disaggregated data on 

travel behavior and 

urban form 

 

Context-dependence is 

highlighted by the differences 

in correlations between urban 

form and travel behavior 

among demographic groups 

Encourages a context-sensitive, 

broken-down examination of the 

relationships between exposure 

and behavior (X1-X6 → Y2). 

Asadi et al. 

(2022)59) 

Netherlands 

(Dutch urban 

areas) 

Comprehensive built-

environment–safety 

analysis 

Land-use diversity is linked to 

different crash outcomes, and 

land-use layout has a major 

impact on traffic safety. 

H1 and the land-use policy 

argument are informed by central 

evidence that land use (X6) 

significantly impacts safety 

outcomes. 

Umair, Rana 

and Lodhi 

(2022)75) 

Pakistan 

(Rawalpindi) 

An analysis of the 

built environment and 

urban planning in 

relation to crashes 

Spatial change trends and 

accident dynamics must be 

explicitly modelled in Asian 

developing-country cities. 

Strengthens the framework's 

applicability to Asian developing 

nations and the transferability 

argument (H4). 

Nurrokhman 

(2019)76) 

Indonesia Policy analysis of 

sprawl and land-

protection law 

Law No. 41/2009 failed 

because it only tackled sprawl 

through sectoral (agricultural) 

policy, which was unrelated to 

housing and vehicle-restriction 

policies. 

Demonstrates the integrated-

policy gap that H5 seeks to 

address through a combined 

exposure–behavior framework. 

Current 

conceptual 

review 

Indonesia Conceptual review / 

developing-country 

suburban context, 

particularly Indonesia 

An integrated conceptual 

model linking exposure 

variables, crash experience, 

and behavioral dimensions 

improves suburban transport 

planning. 

Proposes an integrated 

contextual-behavioral framework 

in which crash experience 

mediates the relationship 

between exposure variables and 

safe travel behavior, specifically 

for motorcyclists riding on-line 

or private motorcycles in 

suburban areas in developing 

countries. 
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4. Measurement of Exposure Variables on 

Traffic Risk and Safe Travel Behavior 

Due to the complexity of distinguishing between factors 

influencing traffic risk and safe travel behavior, it is 

necessary to refer to numerous literature sources on both 

topics. Several exposure factors influence both terms, 

while others affect only one of them. 

Exposure variables independently influence crash 

incidence and safe travel behavior. This review should 

begin by explaining the differences between each exposure 

variable and how they impact the relationship between 

traffic accident features and safe travel behavior.  

Some research related to urban development includes an 

extensive road network that impacts safety77); 

infrastructure development and road networks extending to 

the suburbs that promote new growth along access 

roads78,79), which leads to the expansion of residential areas, 

population growth, and an increase in the number of 

housing units in the suburbs. 

4.1. Socio-economic background 

Socio-economic background is a measure that combines a 

person's work experience or their family's access to 

economic resources and social standing. It relates to a 

person's income, employment, and social background, 

which are key factors determining future success and life 

opportunities. Better health outcomes are often positively 

correlated with socio-economic status (SES), which is a 

composite assessment of an individual's economic and 

social standing. Education, earnings, and employment are 

three typical indicators of socio-economic position80).  

The socio-economic and demographic characteristics of 

families living in suburban areas in Indonesia have unique 

characteristics that influence travel behavior, as observed 

in Makassar, Yogyakarta, and Surabaya. The expansion of 

growth centers from the city center to suburban areas 

impacts accessibility, the availability of new public 

services (health, education, worship, and large-scale trade), 

as well as regional development and physical features32). 

Land use changes and suburbanization shape socio-

economic dynamics, leading to social transformation in 

local communities along the Tun Abdul Razak Road 

Corridor in Makassar; urban expansion in the Kotagede, 

Mantrijeron, and Wirobrajan districts of Yogyakarta 

results from high population pressure caused by population 

growth and economic activity in these suburban areas81).  

Many models focus solely on land price variables when 

choosing housing locations and urban distribution types, 

but few consider other factors like socio-economic aspects 

(education level, economic conditions, and family 

welfare)82); there are seven factors impact on settlement 

preferences, i.e. community social activities, educational 

background, length of stay, vulnerability to liquefaction 

and fracture disasters, accessibility, and distance from the 

city center are seven characteristics that impact relocation 

preferences83). 

Urban expansion affects the construction and operational 

costs of public facilities funded by the government, due to 

inefficiencies in building roads, schools, waste 

management, and related issues like accidents and 

environmental concerns84). This expansion also influences 

the rise in homeownership and socio-economic 

homogeneity in Leipzig, Germany. A link between urban 

sprawl and social conditions, such as education levels, 

economic status, family welfare, and land prices, is further 

explained by Pahlevi (2023)85). The gender and age of 

victims, as well as the area’s designation as rural, are the 

most significant factors. The driver’s gender, land use, 

pavement conditions, and attitude are also identified as 

important factor86).  

An increasing quantity of empirical evidence supports the 

application of this paradigm to the Indonesian and 

developing world settings, despite the fact that the study's 

theoretical underpinnings are primarily taken from 

European and North American literature. Due to notable 

disparities between Indonesia and high-income nations, 

such as vehicle composition, road user behavior, and 

infrastructure quality, motorbikes were noted to be 

involved in 78% of all accidents in 2023, resulting in a total 

of 27,000 fatalities87). 

A study on road traffic facilities, crashes, and poverty in 

Indonesia revealed that socioeconomic factors, in 

particular, poverty, vehicle type (private or public), and 

daily trip frequency have a significant impact on crash 

involvement88). It also explained that private vehicle users 

have a 6.5% lower probability of never having experienced 

a crash than public transportation users, due to the inability 

to control vehicle movement and driver compliance in 

public transportation. Therefore, this study emphasizes the 

internal socioeconomic factors of commuter suburbs in 

Indonesian cities. 

4.2. Travel Characteristics 

Travel characteristics are a set of attributes that describe 

the nature, patterns, and behavior of movement from one 

location to another by individuals or groups. These 

characteristics include spatial, temporal, transport mode, 

and behavioral dimensions that form mobility patterns in 

transportation systems. These attributes describe a journey, 

including origin-destination, time, mode, purpose of travel, 

and characteristics of the traveler that influence mobility 

patterns86). 

It is revealed that there is a relationship between urban 

sprawl and socio-economic characteristics and travel 

patterns in Iranian cities30). In metropolitan regions, 

increased automobile ownership in cities has led to traffic 

congestion, pollution, accidents, and a decrease in 

nonmotorized transportation modes in most Indian cities. 

The development of sustainability indices for urban 
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transport systems in developing-country cities faces 

significant challenges, as demonstrated in the case of 

Jaipur, India, where rapid motorization and increasing 

automobile ownership have intensified congestion, 

pollution, and accident risks89). Excessive auto use raises 

the risk of traffic fatalities, and urban development 

increases auto-dependency. By preventing growth in the 

suburbs and encouraging compact development, traffic 

safety can be enhanced. Data collected nationally from 147 

urbanized areas in the United States are used to analyze 

these connections90).  

An analysis of road traffic accident risk factors in rural and 

urban areas of Indonesia using national survey data 

conducted by Zainafree et al. (2022)91), found that trip 

distance, road type, and vehicle type were significant 

predictors, confirming that these variables are similar on 

suburban Indonesian roads as in Western contexts, 

although mediated by different levels of infrastructure 

quality.  

A recent study on motorbike taxi and private motorbike 

drivers in Greater Jakarta found that the main behavioral 

factor contributing to accidents was driving errors brought 

on by moving violations, and that insufficient 

infrastructure (poor road markings, no designated 

motorcycle lanes) increased the risk92). This pattern is not 

typically observed in European/American cities, where 

motorcycle use is much lower. Therefore, this study 

focuses on the internal travel characteristics of commuters 

to consider their safety during travel. 

4.3. Transport mode 

Transport modes are the means used to move people, 

products, or cargo from one location to another. 

Transportation modes encompass automobiles, operating 

systems, supporting infrastructure, and the technology that 

facilitates mobility within the transportation system. 

Transportation modes are also defined as a technological 

system consisting of infrastructure, vehicles, and 

operational procedures that enable the movement of goods 

and passengers with specific technical and economic 

characteristics93,94). A land transportation infrastructure 

system consists of interconnected and integrated road 

segments to serve the movement of people and goods95). 

People use public transportation, particularly trains, to 

connect with walking, and pedestrian space is crucial. The 

impact of space permeability and accessibility on railway 

station mobility is required, as the comfort and smoothness 

of a space with its amenities are referred to as accessibility 

and permeability of space96,97). China's experience in Next 

Generation Vehicles (NGV) deployment shows that 

strategic government intervention can successfully 

accelerate technological transition. China's comprehensive 

regulatory and subsidy framework has successfully created 

a paradigm shift in the global automotive industry, which 

could serve as a guide for other countries seeking to 

promote sustainable transportation solutions98). 

Households and individual decisions, such as 

neighborhood selection and transportation mode, are 

influenced by lifestyle and mobility patterns55). The tour 

mode choice problem and quantifying forward-looking 

aspects in the mode-choosing process can use the logit 

model structure, which is frequently used in path choice 

modelling. The model can assess people's forward-looking 

behavior and learn how earlier mode choice decisions in 

the day are influenced by future trip considerations, such 

as an evening shopping trip or a school pick-up trip99).  

Property values may benefit from the expansion of the 

public transit network. According to this study, the 

following characteristics significantly affect the price of 

residential real estate: unit area, shared building, shared 

land, land area, building area, density, and the distance to 

public parks, mass rapid transit, central business district, 

hospitals, and favored high schools100). Thus, this study 

focuses on considering the transport mode that is 

commonly involved in traffic accidents. 

Road users in low- and middle-income countries (LMICs) 

are affected by a lack of legislation and enforcement, so 

40% of crash deaths in South Asia involve two- and three-

wheeled motorized vehicles, as informed by the WHO 

South-East Asia Regional Status Report on Road Safety 

(2024)101). Significant deaths and disabilities could be 

avoided if ASEAN countries adopted appropriate vehicle 

safety regulations. Furthermore, this study identifies crash 

exposure and behavioral pathways specific to developing 

countries where vehicle safety features still fall short of 

Western standards102). 

4.4. Highway condition 

Road condition refers to the structural, functional, and 

physical status of road infrastructure at a specific moment 

in time, indicating the degree to which a road can offer 

road users efficient, comfortable, and safe transportation 

services. Geometric features, pavement, drainage, road 

equipment, and other elements that impact road 

operational performance are included in road condition103).  

The primary causes of vehicle accidents are road 

conditions and other factors, such as driver behavior and 

vehicle speed. The results indicate that pedestrian safety is 

substantially influenced by perceptions of elements such 

as buffer zones, inadequate infrastructure maintenance, 

risky driving, and walking ease. At the same time, there are 

perception aspects specific to a city, like pathway 

continuity, zebra crossings, and satisfaction with nighttime 

conditions104). This study also explored how lane-width, 

shoulder-width, and their combinations affect safety on 

rural two-lane  two-way roads in Illinois and Minnesota. 

According to lane width indicators, the total number of 

crashes (of all types and severities) increases when lane 

width decreases, and shoulder width is ignored. 

Conversely, the number of crashes decreases as shoulder 
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width increases, which was the main factor affecting crash 

rates105).  

Determination of the quantity and kind of safety 

interventions should be applied throughout an extensive 

road network made up of many types of road features. This 

study suggests an integrated multi-layer framework that 

incorporates the issues into a single optimization process. 

The estimation of safety performance for each road 

category is used to assess the potential for safety 

improvement quantitatively; a bi-level thresholding 

process integrated into the optimization process is used to 

highlight intervention sites; and the available crash 

reduction factors are used to assess the expected outcome 

of safety measures quantitatively66). 

Another study proposes a Bayesian Conditional 

Autoregressive Poisson Log-normal model to examine the 

safety effects of suburban arterial characteristics, including 

signal density and access density, alongside zone road 

network features such as road network patterns and density 

in the Shanghai suburban area. The findings indicate that 

road networks with grid designs and collector roads 

running parallel to arterial routes have a lower accident 

rate. However, on suburban arterial roads, accidents are 

more likely when there is lower road network density, 

higher signal density, and greater access density106). 

Mastrip Highway in Surabaya city, Indonesia, is a primary 

collector road consisting of two types of roads: 4/2 UD 

(four-lane two-way undivided) and 2/2 UD (two-lane two-

way undivided). There is no median along the highway, 

only straight markings. Mastrip Highway is 7.77 km long 

with an average width of 3.25 to 3.50 meters. Its 

considerable length and width encourage drivers to exceed 

the speed limit. The land use around Mastrip Highway, 

designated for industrial, commercial, and residential 

purposes, leads to road shoulders being used as parking 

spaces, requiring drivers to exercise extra caution. Causes 

of accidents include obstructed visibility due to parking, 

inadequate signage, and signs being obscured by trees or 

buildings107).  

Other research emphasizes road performance related to the 

use of the road corridor for trade and services, which has 

the most significant internal impact. Widening roads by 0.5 

meters from their current width and establishing 

regulations to manage land use changes will improve road 

performance. Public safety and mobility are crucial, but so 

are clean air and streets that are accessible for pedestrians. 

Additionally, traffic engineers have historically evaluated 

performance based on motor vehicle volume rather than 

human traffic. Consequently, there is a vicious cycle of 

building more roads to accommodate motor vehicle traffic 

instead of investing more in public transportation and 

bicycles, which efficiently utilize road space108).  

4.5. Traffic condition 

Traffic conditions refer to the operational state of vehicle 

movement on a road section or road network at a given 

time, which reflects the performance level of the 

transportation system in serving traffic movement. These 

conditions encompass aspects such as volume, speed, 

density, service level, and traffic flow characteristics that 

influence the efficiency, safety, and comfort of travel109). 

The following factors of traffic condition are speed, 

congestion, and road horizontal curvature. Enhancing data 

quality, investigating factors in rural and emerging regions, 

and using sophisticated statistical models are some of the 

future research goals for examining the impact of variables. 

Furthermore, it is necessary to investigate whether 

curvature increases road safety, how speed and traffic 

affect accidents, and the application of more advanced 

statistical models to better understand the impact of 

variables110). To improve road safety, encourage 

sustainable urban transportation options, and create more 

livable urban settings in different cities around the 

Republic of Croatia, this study investigates the scenario 

surrounding the adoption of 30 km/h traffic zones in urban 

areas. The study examines the effects of lowered speed 

restrictions on accident rates, pedestrian safety, and 

general traffic flow by reviewing relevant literature and 

EU city best practices111). 

Reducing speeding-related collisions can be achieved by 

controlling speeds through the use of geometric design 

components or traffic calming techniques. TRB 

committees have the chance to support this effort by 

measuring reliability, for instance, which provides further 

insight into a highway's operational performance by 

acknowledging that metrics like speed, capacity, and delay 

depend on a variety of variables, including geometry 

sensitivity. The effort also anticipates the demand for 

walking and bicycling spaces, which will continue to grow 

in terms of transportation mode share, particularly as 

understanding of how geometric design features affect 

experience quality and safety performance advances112). 

As a result, the traffic flow structure is evolving, making 

the traffic stream more diverse and potentially more 

hazardous. This condition indicates that motorways need 

to handle increased traffic volumes. As traffic becomes 

more varied, the quality of the travel experience 

diminishes. According to the models created, the 

increasing volume of traffic and changing traffic patterns 

are likely to affect traffic safety for the Slovenian 

motorway system negatively. The study found that, 

compared to the European average, the number of HGVs 

involved in traffic incidents on Slovenian roads is notably 

higher113). Using real-time data from current traffic 

intersection cameras, this study aims to develop a dynamic, 

fully autonomous deep learning model that processes the 

data and generates an intensity score based on traffic 

density in each neighboring lane114). 

Differences in the traffic mix (car-dominant versus 

motorcycle-dominant), law enforcement capacity, road 
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infrastructure standards, and cultural driving norms may 

potentially vary the strength and direction of the links 

observed in Western environments115-117). Although 

particular exposure conditions, crash profiles, and 

behavioral responses vary contextually, the theoretical 

process underlying our framework that environmental 

exposures generate crash patterns that might activate 

adaptations to safer travel behavior is universal118). This 

study contributes to addressing this gap by empirically 

testing the framework in the context of suburban streets in 

Indonesia. 

4.6. Land use condition 

The state of human activity and spatial utilization in a 

given geographic area at a given time is known as land use 

conditions. This includes the type, intensity, patterns of 

spatial distribution, and dynamics of changes in land use 

for different purposes, such as open space, commercial, 

industrial, residential, and transportation. Land use 

conditions are a comprehensive measure of how land is 

utilized in an area and how this affects and is affected by 

transportation systems and mobility patterns. 

Understanding land use conditions is crucial for planning 

and designing sustainable cities and transportation systems 

that efficiently fulfil the needs of residents, businesses, and 

industry119). 

The study reviews the connection between road safety and 

the built environment, focusing on examining small 

geographic units like trip analysis zones or census tracts. 

This study also clarifies the correlations between built 

environment features and crash rates resulting from either 

higher exposure, which is frequently not sufficiently 

controlled for, or exposure levels or greater crash risk rates 

per exposure unit. Thus, it is categorized into different 

built environment characteristics as either ambiguous, 

more associated with risk, or more related to exposure58). 

In Indonesia, Surabaya's rapid growth can be attributed to 

its classification as a national activity center. As a result, 

human relationships and motions increase in tandem with 

development. The degree of sustainability of Surabaya's 

mobilization is assessed using both regional compactness 

and population mobilization. Mobility level analysis and 

compaction level analysis based on movement behavior 

are among the techniques employed in this study. With a 

comparatively near arrangement of service centers 

throughout the district, Genteng subdistrict in the Surabaya 

center has the highest level of regional compactness. It is 

anticipated that the findings of this study will be used to 

develop urban spatial structures that promote sustainable 

people-mobilization practices120). 

The long-term, indirect consequences of land usage on 

land-use planning and policies are the main subject of this 

study. According to the findings, land-use development 

that causes traffic congestion occurred after increases in 

road capacity. Planning policies and methods varied, 

which had an impact on how traffic-inducing the land-use 

development was121). For a long trip, a public space is 

required for a rest area, which is selected depending on the 

selection preferences of drivers. The natural environment 

around rest areas has also been proven to influence 

selection behavior significantly122). Suropati Park, Jakarta, 

as a public area, can produce activities that promote the 

well-being of its patrons, as evidenced by the prevalence 

of different kinds of energetic and passive activities that 

can be done alone or in groups123). Capturing the current 

indoor thermal environment and thermal characteristics of 

building envelopes in low-cost dwellings within a 

Kampung is crucial. This condition will enable the 

presentation of affordable countermeasures against future 

climate change, thereby mitigating various health 

risks124,125). 

The city transformation exhibits resilience through 

adaptation and planning, as evidenced by the city elements 

related to defense, economy, and food supply, which 

support the city's self-sustainment. Due to its continuous 

development, Banten, which supports Jakarta, has reached 

its pinnacle and is now a safe city for international trade. It 

has also managed to withstand numerous challenges and 

threats from the region's ongoing conflict126,127). 

The results suggest that the primary drivers of the circular 

economy's adoption in India's industrial sectors are 

technical (ETE) and financial (EFI) enablers. The 

industries are better able to understand the factors that 

facilitate the circular economy and create workable 

implementation strategies128). The rapid urbanization of the 

world raises concerns regarding the provision of urban 

green infrastructure. To determine how urban green spaces 

(UGS) and urban greenways (UGWs) could contribute to 

the revitalization of urban surroundings, this study 

examines Pune, India. Urban Greenways are networks of 

linear open spaces that improve socio-economic and 

ecological benefits129). 

The development of a city has an impact on the mobility 

and interaction of its population. The sustainability of 

Surabaya's population movement is assessed using both 

population mobilization and regional compactness. Given 

the very close concentration of service hubs in the area, the 

Surabaya Center exhibits the highest level of regional 

coherence. It is expected that the findings of this study will 

be applied to the development of urban spatial structures 

that encourage sustainable population mobility130). 

Development in the suburbs has an impact on a change in 

travel behavior, which is caused by an increase in traffic 

generation, accompanied by a tendency to use private 

vehicles, and higher mobility in the suburban areas131). 

Focusing on different land-use patterns due to suburban 

development in developed countries, such as the 

Netherlands and Flanders, Belgium, shows that regional 

land use significantly impacts travel behavior. Travel 

habits in both regions seem to be influenced by their 
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distinct land-use patterns. Since a significant portion of the 

population regularly walks, cycles, or takes public transit, 

the Netherlands' active spatial planning approach, which 

concentrates activities in urban areas, appears to have 

achieved sustainable travel behavior132). 

According to the megalopolis agglomeration model, a 

novel approach to urban development, established regional 

networks are often undermined by urban structure, and 

even economic networks are drawn back into the intra-

urban scale. This model is a hypothesis that requires 

empirical support from additional studies. Furthermore, 

the results support the claim that the integrated and 

compact intra-city model is relevant for upcoming urban 

research and policy development133-135). Malang 

metropolis's urban expansion is still dispersed unevenly 

around the metropolis. This suggests that the infrastructure 

facilitating urban growth is not distributed fairly. 

Therefore, increased funding for the city's infrastructure is 

essential. Equitable infrastructure development can 

encourage growth in other areas, satisfying the need for 

available land for residences and communities136). 

4.7. Traffic accident 

Accident rate for the road segment expressed as accidents 

per 100 million vehicle-miles travelled137). The possibility 

of the occurrence of a crash event means the number of 

crashes divided by the size of the population (i.e., road 

fatalities per 100,000 population) or by the amount of 

travel that people engage in (i.e., road fatalities per billion 

vehicle kilometers travelled). The units of measurement, 

however, have no bearing on coefficient estimations 

because all variables are recorded in the empirical 

analysis138). 

Road traffic accidents (RTIs) account for 90% of global 

deaths in both low- and middle-income countries139); the 

burden of RTIs is not only a public health threat in 

developing countries, but also in developed countries140). 

Traffic accidents are a threat to society and are a significant 

source of disability in both developing and developed 

countries141). 

Some studies have focused on crash causal factors. For 

example, an examination of the relationship between crash 

density, suburbanization, and environmental factors 

involving vehicles in the Chengdu city area, China was 

conducted45). Cities with less severe congestion need to 

focus on other aspects of safety, as reducing congestion 

increases the risk of fatal crashes. A rise in fatal and serious 

injury crashes is directly correlated with an increase in 

traffic congestion. Specifically, a 0.1% increase in crashes 

is expected for every 1% increase in traffic delay per 

kilometer. 

Traffic congestion is linked to more fatal and serious injury 

crashes due to higher speed variations among vehicles 

within and between lanes, erratic and more aggressive 

driving behavior in congested situations, and relatively 

high speeds in crowded conditions, especially on main 

roads110). 

Regarding accidents caused by road network expansion, 

for example, research conducted in western Iran shows that 

most deaths in suburban areas are caused by motor 

vehicles. In contrast, in urban areas they involve 

pedestrians. Therefore, improvements to highways are 

needed, such as road design with stricter enforcement of 

laws and camera monitoring to reduce the number of 

deaths from traffic accidents142). The influence of 

intersection density and road type on traffic accident 

fatality rates on roads is explained by (D. Mohan, 2017)143), 

who states that cities with a higher proportion of wider 

roads and larger city neighborhoods tend to have higher 

traffic accident fatality rates.  

 Risks faced by four thematic villages in Malang City are 

categorized into four hazard families: geophysical, 

hydrological, biological, and anthropogenic hazards144). 

Anthropogenic hazards are hazards caused or triggered by 

human activities, including environmental degradation and 

technological hazards that can threaten lives, livelihoods, 

health, the economy, the environment, and traffic 

accidents145). The risk results for urban villages with a 

moderate risk rating should be in line with the policy 

priorities chosen by the central and local governments. 

A model for motorcycle accidents based on rider 

characteristics, such as socio-economic factors and 

movement patterns146). Accidents happen on road sections 

in Surabaya City that are prone to crashes and serve as 

routes to the city center from the western part of 

Surabaya147), road networks leading to the city center or 

bordering other areas148). Although case studies provide 

fascinating insights into accident models, more empirical 

research is needed to understand the behavior of residents 

living in suburban areas. This situation can help explain 

how their travel behaviors influence accident rates among 

private vehicle riders, especially motorcyclists, and clarify 

the specific relationship between their travel patterns and 

certain types of accidents caused by settlement expansion 

into suburban zones. 

Over half of all traffic crash fatalities globally involve 

pedestrians, cyclists, and motorcyclists, and these 

incidents primarily occur in low- and middle-income 

countries, according to the WHO (2023)87). The research 

confirms that the mechanisms underlying the links 

between land use patterns, traffic conditions, and crash 

experiences differ in developing and high-income nations, 

as shown in Table 2. 

4.8. Safe Travel Behavior 

Safe travel behavior involves actions, attitudes, and 

practices by road users to reduce the risk of accidents, 

injuries, or other losses to themselves, other road users, and 

the environment. This behavior includes obeying traffic 

laws, using safety equipment, making wise decisions, and 
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adjusting to road and traffic conditions149). It reflects a high 

level of safety awareness, understanding of risks, and the 

ability to make proper decisions in dynamic and 

unpredictable traffic situations. 

According to the results, pedestrians can sustain injuries in 

minor or severe accidents, which may lead to temporary or 

permanent disabilities. Therefore, drivers need to be aware 

of electric vehicles when walking on the road150,151). 

Individual travel behavior is influenced by a variety of 

factors, including employment considerations, transit 

availability, and the demographic and social makeup of the 

living environment. The greater usage of public and active 

transportation is linked to higher development density and 

infrastructure quality, irrespective of socio-demographic 

composition152). Safe driving behavior is influenced by 

various social, economic, physical, environmental, and 

human factors. However, in developing countries, these 

factors are often linked to inadequate infrastructure and 

insufficient resource allocation, particularly in areas such 

as road conditions and driving practices153). Attitudes 

about safe travel and the mismatch between attitudes and 

the features of the residential built environment are crucial 

factors in determining how well land use regulations affect 

travel behavior. Since there are currently no longitudinal 

techniques, studies on the nature and directions of 

causality of the relationships between these factors have 

been hampered. Using this method, this research 

investigates how individuals from various demographic 

groups modify their living spaces and perspectives over 

time154). 

Investigation of factors related to residents' travel patterns 

and activity spaces, such as travel characteristics, 

household characteristics, and attitude factors, was 

conducted155); analysis of the regularity of residents' daily 

travel behavior and the factors influencing it, such as 

activity patterns, duration, and competition, should be 

carried out. Considering these factors, further research is 

needed to provide insights into safety-focused travel 

patterns that affect travel demand and trip length at both 

individual and household levels, while accounting for 

socio-demographic and residential characteristics, 

especially in suburban areas. 

The section on traffic risk and safe travel behavior 

provides a detailed study of the numerous issues impacting 

transportation safety in suburban situations. By 

investigating many dimensions of mobility, the research 

indicates that a nuanced interplay of socio-economic 

background, trip characteristics, transport modes, roadway 

conditions, traffic characteristics, and land use patterns 

shapes traffic risk. These variables do not work in isolation 

but interact in complicated, context-specific ways that 

profoundly modify the knowledge of transportation safety. 

The concept of safe travel behavior is dynamic and 

multidimensional, comprising interactions across systems 

that extend beyond the activities of individuals. There are 

a number of factors that have a substantial impact on safe 

travel habits, particularly in developing countries. These 

factors include inadequate infrastructure, resource limits, 

and complex socioeconomic dynamics. 

Table 2: Empirical evidence on the mediating role of crash experience in shaping safe travel behavior 

Ref. Exposure Variable Mediating Mechanism Key Finding Relevance to the Mediation 

Pathway (H3) 

60 Road conditions 

(geometry, traffic 

volume, road 

equipment) 

Accident-related risk 

information 

Exposure to poor road 

conditions does not 

automatically change 

behavior; the association 

between exposure and 

behavior is substantially 

mediated by accident-related 

risk information. 

Directly establishes that crash-

related information mediates the 

exposure–behavior link, anchoring 

the core mediation logic of H3. 

61 Driver demographics Risk perception Risk perception mediates the 

relationship between driver 

demographics and risky 

driving behavior. 

Demonstrates a perceptual 

mediating channel through which 

socio-economic/demographic 

exposure (X1) translates into 

behavior. 

62 Accident information / 

technology exposure 

Reorganization of risk 

schemas 

Accident information 

reorganizes risk schemas and 

motivates subsequent 

behavioral change. 

Supports the cognitive re-appraisal 

mechanism by which crash 

experience (Y1) signals risk and 

drives behavioral adaptation. 

63 Road safety attitudes Traffic safety awareness SEM-based evidence shows 

traffic safety awareness 

mediates the relationship 

Provides quantitative (SEM) 

validation of an awareness-based 

mediation pathway consistent with 
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between road safety attitudes 

and driving behavior. 

H3. 

87 Vehicle composition / 

exposure (LMIC 

context) 

Crash exposure signal Motorcyclists accounted for 

78% of accidents and 27,000 

fatalities in Indonesia (2023), 

reflecting distinct exposure–

crash patterns in developing 

countries. 

Grounds the mediation pathway in 

the motorcycle-dominant suburban 

context central to this review. 

88 Socio-economic factors 

(poverty, vehicle type, 

trip frequency) 

Crash involvement / risk 

exposure 

Poverty, vehicle type, and 

daily trip frequency 

significantly affect crash 

involvement; private-vehicle 

users show a 6.5% lower 

probability of never having 

crashed than public-transport 

users. 

Links socio-economic exposure 

(X1) to crash experience (Y1) as 

the mediating stage before 

behavioral response. 

91 Trip distance, road 

type, vehicle type 

Crash risk exposure Trip distance, road type, and 

vehicle type were significant 

predictors of crash risk in rural 

and urban Indonesia, mediated 

by differing infrastructure 

quality. 

Confirms travel characteristics 

(X2) feed into crash experience, 

supporting the 

exposure→crash→behavior chain 

in a developing-country setting. 

92 Infrastructure 

deficiencies + riding 

behavior 

Driving errors / moving 

violations 

In Greater Jakarta, driving 

errors from moving violations 

were the main behavioral 

contributor to crashes, with 

poor markings and absent 

motorcycle lanes increasing 

risk. 

Illustrates how road-condition 

exposure (X4) generates crash 

experience that reshapes rider 

behavior (Y2). 

104 Built environment / 

infrastructure 

maintenance 

Perceived risk of unsafe 

elements 

Perceptions of buffer zones, 

walking ease, risky driving, 

and poor maintenance 

significantly influence 

pedestrian safety. 

Shows perception of risk mediates 

between physical exposure and 

safety behavior, reinforcing the 

perceptual mediation channel. 

110 Traffic congestion / 

speed variance 

Crash risk perception 

under congestion 

Every 1% increase in traffic 

delay per km is associated 

with ~0.1% more crashes, 

driven by higher speed 

variance and aggressive 

behavior. 

Demonstrates traffic-condition 

exposure (X5) producing crash 

patterns that inform subsequent 

behavioral adaptation. 

155 Built environment + 

travel attitudes 

Residential dissonance / 

attitude adjustment 

A latent-class transition model 

shows individuals adjust their 

residential environments and 

travel attitudes over time, 

mediating land use–behavior 

relationships. 

Supports the dynamic, attitude-

mediated pathway linking 

exposure to evolving safe travel 

behavior. 

5. Discussion 

There is significant variation in research findings 

regarding the empirical relationship between internal and 

external factors influencing crash incidence and safe travel 

behavior. Measures of internal factors, including socio-

economic and travel characteristics, as well as external 

factors such as transport mode, traffic, highway, and land 

use conditions, have been shown to affect either the 

reduction or increase of accidents and safe travel.  

This comprehensive analysis reveals significant disparities 

in current research methodologies, which highlight the 

challenges in developing useful transportation safety 

models. Variations in model parameters, geographic 

contexts, accident characteristics, and commuter views 

surely have an impact on the complex research settings. 
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These discrepancies show the great complexity of human-

infrastructure interactions rather than methodological 

flaws. 

Several specific examples illustrate these conflicting 

findings regarding socioeconomic status and accident risk. 

Due to socioeconomic differences, road traffic fatalities 

are increasing across Ecuador's provinces, as confirmed by 

Holguín-Carvajal et al. (2024)156). Because of their poor 

infrastructure and greater reliance on unsafe forms of 

transportation, low-income areas experience a notably 

higher rate of traffic accidents157). However, there is a 

nonlinear, inverted U-shaped association between wealth 

and traffic deaths in 22 OECD nations158). This relationship 

is related to Indonesia's current stage of development, as 

economic expansion initially increased road fatalities due 

to the rapid increase in motor vehicle use before declining 

with safety investments. 

There is a similar debate on how mixed land use affects 

accident risk. There are also differing opinions regarding 

how mixed-use land use affects crash risk. In contrast to 

enhanced land use diversity, which actually reduces crash 

frequency59), dense, mixed-use areas increase pedestrian 

crash frequency by increasing exposure to vehicle 

impacts159-161). This contradiction suggests a context-

dependent nonlinear relationship where high density 

increases exposure-related problems; on the other hand, 

the modest mixed use can increase safety by lowering car 

kilometers driven162).  

Traditional engineering methods for enhancing road 

infrastructure make the assumption that safer roads result 

in fewer collisions. Road investments in European 

countries have not consistently reduced injury-related 

crashes. Behavioral risk compensation significantly 

outweighs infrastructure benefits163). 

Road safety facilities do not consistently reduce crash 

severity in the Indonesian context, which confirms that 

there is a decline in outcomes if infrastructure 

improvements are carried out without appropriate 

behavioral interventions. These conflicting findings across 

socioeconomic, land use, and infrastructure domains 

underscore the need for an integrated analytical framework, 

such as the one proposed in this study that simultaneously 

accounts for the complex, nonlinear, and context-

dependent interactions between internal factors (socio-

economic and travel characteristics) and external factors 

(road conditions, traffic environment, and land use 

configurations) in shaping both accident patterns and safe 

travel behavior. 

The main findings and the expected causal basis of these 

effects are clarified in Table 3. Table 3 shows the current 

internal and external factors that influence several 

indicators of accident and travel behavior. 

Based on previous research on the relationship between 

spatial statistical methods and identifying spatial 

variations in accidents over a specific time interval, as well 

as comparing accident-prone locations based on accident 

type and severity index using TAZ (traffic analysis 

zone)164); the effects of the built environment on pedestrian 

accident occurrences; and examining spatially 

heterogeneous relationships (mixed land use) while 

considering various spatial scales165). 

Research on suburbanization impacts travel behavior, 

including increased vehicle ownership, which results in 

longer travel distances and times. For example, Hartell A. 

M. (2017)166) states that denser road networks typical of 

compact cities are linked to less private car use. (Ettema, 

2017)167) used a multivariate model to show that travel 

attitudes and characteristics affect mode choice and 

location decisions. (Mouratidis, 2019)31) demonstrated that 

urban sprawl impacts travel behavior and satisfaction, with 

a compact city form leading to shorter travel times and 

higher satisfaction.  

So far, minimizing the impact of settlement development 

in the suburbs has not been effective solely through the 

integration of land use balance and transportation systems, 

as other factors have been analyzed partially. Therefore, 

this proposed research considers the safety aspects of 

commuter travel for those living in suburban areas, 

particularly those using motorcycles. The impact on 

decreasing or increasing accidents and changes in travel 

behavior focuses on analyzing the factors influencing them 

from various variables and the interrelationships between 

variables. The development of a safe travel behavior model 

in suburban areas will influence risk in the suburban 

highway network, particularly in developing countries. 

Therefore, the focus of this research is to determine how 

the severity of accidents on suburban highways can be 

reduced and promote safer commuter travel behavior.  

Safe travel behavior is a multifaceted construct with three 

interconnected dimensions that together include safety-

oriented behaviors users of suburban road infrastructure 

take throughout their travels, as seen in Table 3.  

The first dimension, regulatory compliance, refers to 

adherence to traffic laws, posted speed limits, road signs, 

and other legally mandated driving norms. De Winter and 

Dodou (2010)168) demonstrated through a meta-analysis 

that traffic violations are significant predictors of self-

reported crashes. Recent studies support this dimension, 

such as in a developing country environment, a consistent 

gap between drivers' regulation awareness and their actual 

compliance behavior169), and deliberate non-compliance 

was a significant factor in traffic accidents in a variety of 

national contexts170). Additionally, the best road safety 

measures were laws and enforcement actions aimed at 

regulatory compliance, which reduced traffic injuries by an 

average of 26%, as verified by Akbari et al. (2024)118). 

The second dimension, cautious driving, includes 

proactive safety practices that go beyond following the law, 

like keeping a safe distance, modifying speed in response 

to traffic and weather conditions, and anticipating other 
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drivers' potential problems. In the Multidimensional 

Driving Style Inventory (MDSI), the cautious and patient 

driving styles are distinct adaptive dimensions identified 

by  (Taubman-Ben-Ari & Skvirsky, 2016; Huo et al., 

2022; Rhiu & Kim, 2025)171-173).The cognitive ability to 

predict the intentions of other drivers, plus the mediation 

factor of cautious driving, significantly reduces the 

likelihood of crashes, according to Nori et al. (2024)174), 

while cautious driving is a proactive behavioral component 

that is different from merely following the rules175). 

To reduce the risk of accidents, commuters strategically 

choose safer modes, routes, and travel times, which is 

covered by the third dimension: perceived safety and 

comfort. Nordfjaern et al. (2014)176) found that commuters 

who value comfort and safety are more likely to choose 

public and active transportation. Better danger assessment 

is associated with social cognition skills, and this translates 

into decisions on the best course of action and mode of 

transportation in complex traffic circumstances177).  

This construct's multidimensionality is consistent with the 

wider understanding in traffic psychology that any one 

component cannot adequately describe safe conduct. 

Positive driver behaviors, including compliance, safety-

oriented actions, and cooperative behavior, are 

multidimensional traits178). The three dimensions, when 

taken together, offer an operationalization of safe travel 

behavior that is both empirically testable and logically 

justified, setting it apart from more limited concepts like 

defensive driving, following traffic laws, or simply 

avoiding risks.  

A novel approach to improving transportation safety in 

suburban areas is suggested by the study. Its main purpose 

is to identify high-risk locations by establishing a complete 

land-use and mapping model. By studying external and 

internal factors driving travel behavior, the study gives a 

comprehensive tool for understanding accident risks. 

Compared to conventional methods of accident 

investigation, the blackspot mapping model is more 

sophisticated. This approach creates a sophisticated 

framework by fusing behavioral traits, infrastructure 

evaluation, and spatial analysis. This study explains the 

complex relationship between infrastructure, land use, and 

human travel behavior, in contrast to conventional 

techniques. The model provides a multi-layered 

representation of accident vulnerability. 

The blackspot mapping approach gives critical insights for 

municipal planners and politicians. It discovers high-risk 

zones by examining road layout, traffic patterns, 

socioeconomic and travel factors, and land-use mix. This 

model permits concentrated action that addresses the 

fundamental causes of transportation safety challenges. It 

gives a dynamic method for studying accident generation 

in suburban contexts. 

Initiatives for urban development and transportation safety 

are being transformed by this new mapping technology. It 

offers a comprehensive, empirically supported strategy for 

reducing the frequency and severity of motorcycle 

accidents. Because of its flexibility, the model is a 

priceless tool for transportation safety professionals, 

offering a context-specific way to understand mobility 

problems in suburban areas. 

The research contributes to a deeper comprehension of the 

dynamics of urban mobility. This study creates a strong 

analytical framework to solve transportation safety issues 

in emerging nations by challenging conventional wisdom. 

Scientific research on intricate transportation safety 

concerns is made possible by the accident black spot 

mapping technology. 

Table 3: The current status of internal and external variables, accident, and safe travel behavior 

Variable Indicator Accident Safe Travel behavior Dimension of 

behavior 

Citations 

Socio-

economic 

sex more at risk of fatal 

injury due to physical 

limitations or lack of 

vehicle protection 

Caution, be more careful 

and obey traffic rules 

Regulatory 

Compliance 

90,132) 

age Older, more careful in 

driving  

 

having a direct impact 

on the level of safety on 

the road 

Regulatory 

Compliance 

30,179,180) 

income Higher incomes enable 

better access to safer 

vehicles 

Higher income 

influences travel safety 

behavior 

Perceived 

safety and 

comfort  

54,82,84) 

Education 

background 

Higher education, better 

understanding of risks 

on the road 

better ability to avoid 

risky behavior 

Precautionary 

Driving 

84,85) 

occupation High-risk jobs, 

associated with higher 

accident rates.  

Work influences on 

safety behavior while 

traveling 

Precautionary 

Driving 

152,181,182) 

Vehicle 

license 

Driver's licenses, 

decreasing traffic 

Driver's licenses help 

increase the basic 

Regulatory 

Compliance 

26,30,131,183-185) 
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accident rates,  knowledge and skills 

needed to drive safely.  

Travel 

characteristics 

cost Higher transportation 

costs encourage people 

to use private vehicles 

and increase the risk of 

accidents  

Higher costs, increasing 

the drivers to drive more 

carefully 

Precautionary 

Driving 

90,132,146) 

length Long-distance travel, 

more risk factors and a 

greater chance of being 

involved in an accident.  

Long-distance travel, 

less safety behavior 

Precautionary 

Driving 

10,58,72,121) 

time shorter travel time 

reduce the risk of 

accidents 

traveling during quieter 

times allows drivers to 

be more cautious and 

more compliant with 

traffic regulations. 

Regulatory 

Compliance 

43,90,99,184-186) 

frequency Manage travel 

frequency wisely to 

reduce the risk of 

accidents 

Increased experience 

improves driver skills 

and alertness 

Precautionary 

Driving 

88,146,187) 

Transport 

mode 

safe Safe modes of 

transportation, vehicles 

with safety features, are 

more likely to drive 

safely.  

public transit and ride-

sharing services, 

improve road safety. 

Perceived 

safety and 

comfort  

188,189) 

secure reducing accidents by 

encouraging drivers and 

passengers to comply 

with safety regulations.  

Vehicles good 

equipment increase safe 

travel 

perceived 

safety and 

comfort  

190,191) 

comfort Vehicle comfort 

decreases the risk of 

accidents.  

Comfort influences 

safety compliance 

Regulatory 

Compliance 

99,184) 

Highway 

condition 

pavement Reduced risk by keeping 

roads clear of damage or 

obstacles 

Regular road 

maintenance and 

infrastructure 

improvements support 

safe travel 

Precautionary 

Driving 

11,48,49,192) 

Road 

Equipment 

and Sign 

Well-maintained road 

equipment, such as 

traffic signs, street 

lighting, and clear road 

markings, helps drivers 

drive safely and avoid 

accidents. 

The condition of road 

equipment and markings 

has a significant impact 

on safe driving behavior 

and a crucial to ensuring 

road safety. 

Regulatory 

Compliance 

193,194) 

geometry Poor road geometry can 

increase the probability 

of accidents 

Good road design 

encourages drivers to 

drive more safely. 

Precautionary 

Driving 

11,56,85,143,164,195-197) 

Road 

structure 

Roadside structures, 

such as bridges, 

guardrails, guardrails, 

drainage ditches, and 

other facilities, have a 

significant impact on 

accidents. 

Well-maintained 

roadside structures have 

a significant impact on 

safe driving behavior. 

Supports safe travel 

behavior  

Precautionary 

Driving 

198,199) 

queue The queue plays a 

significant role in 

accidents due to risky 

conditions such as speed 

changes, traffic 

congestion, aggressive 

driving behavior, and 

Roadside queues can 

affect safe driving 

practices when adjusting 

to changes in speed or 

space. 

Precautionary 

Driving 

10,58,79,121) 
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loss of alertness. 

Accessibility/ 

integration 

Inadequate integration 

can increase accidents 

due to driver behaviors 

such as rushing, driving 

in the wrong direction, 

or making poor 

decisions. 

Well-designed and 

adequate to support the 

safe behavior of drivers 

and other road users. 

Perceived 

safety and 

comfort  

10,32,43,69,143,197,200,201) 

traffic volume Congestion, sudden 

changes in speed, driver 

frustration, and limited 

infrastructure can 

increase the risk of 

accidents. 

Managing vehicle 

volumes on the road and 

ensuring well-

maintained roads can 

improve traffic safety. 

Precautionary 

Driving 

26,43,58,72,121,200,201) 

Side friction Sudden obstructions 

such as broken-down 

vehicles, road 

construction, or road 

damage contribute to an 

increased risk of traffic 

accidents. 

Drivers need to exercise 

caution and focus on 

safety, as well as obey 

traffic laws and maintain 

a safe following distance 

Regulatory 

Compliance 

107,202,203) 

speed Excessive speed, speed 

inappropriate for road 

conditions, and sudden 

speed changes can 

increase the risk of 

accidents. 

Obeying posted speed 

limits and maintaining a 

safe distance between 

vehicles ensures safe 

travel. 

Regulatory 

Compliance 

56,204-206) 

Land use Opportunity 

to develop 

Poor urban planning, 

congestion, lack of 

pedestrian and bicycle 

facilities, and 

inadequate 

infrastructure increase 

the risk of traffic 

accidents. 

 

Good road facilities, 

adequate lighting, safe 

pedestrian and bicycle 

paths, and access to 

public transportation can 

encourage drivers to 

drive more carefully and 

increase travel safety 

Perceived 

safety and 

comfort  

30,44,58,82,185,207,208) 

Mixed or 

compact use 

Decrease exposure to 

intrazonal trips by 

improving the quality 

and availability of 

public facilities  

The availability and 

maintenance of public 

facilities support road 

safety. 

perceived 

safety and 

comfort  

43,46,76,80,121,209-211) 

Note: Each indicator is mapped to one primary dimension of safe travel behavior. Some indicators may have secondary relevance to other 

dimensions, but only the dominant dimension is explained for conceptual clarity. 

This study takes an interdisciplinary perspective to 

transportation safety, specifically regarding safe travel 

behavior. It provides a sound theoretical foundation for 

understanding how safe travel behavior is closely related 

to crash experiences, which are impacted by internal and 

external elements. This conceptual model can inform 

evidence-based policy reforms that can minimize 

motorcycle crashes. 

6. Conclusions and Recommendations 

6.1. Conclusions 

This conceptual review systematically examines the 

relationships between exposure variables that are 

socioeconomic characteristics, trip attributes, road and 

traffic conditions, transportation modes, and land use 

patterns, and their effects on crash risk and safe travel 

behavior on suburban road networks. According to the 

analysis, low-density suburban forms provide unique 

safety concerns for suburban commuters by increasing 

motorcycle dependency, lengthening journey distances, 

worsening traffic performance, and increasing crash 

severity.  

A multidimensional construct is proposed for safe travel 

behavior, which includes regulatory compliance, 

circumspect driving, and perceived safety and comfort. 

This concept surpasses single-dimensional 

conceptualizations. It is recognized that crash experience 

is a mediating variable that employs cognitive threat 

evaluation to convert environmental exposure into 

behavioral adaptation, including its frequency, severity, 

and spatial distribution, in addition to being an outcome. 
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The nonlinear effects of socioeconomic position, the 

contradictory effects of mixed land use, and the 

paradoxical function of infrastructure improvements on 

driving behavior are among the important variables where 

the study reveals significantly contradicting results. 

Motorcycles are the most common mode of transportation 

in poor countries, and different infrastructure creates 

essentially different safety dynamics. These discrepancies 

highlight the need for integrated, context-sensitive 

frameworks that take into account the dynamic interaction 

between structural conditions and individual behavioral 

responses.  

6.2. Recommendations 

Future research should examine spatial variation amongst 

suburban typologies and empirically test this paradigm 

using structural equation modeling (SEM) and primary 

data from Indonesian suburban corridors. A more 

sophisticated and fact-based comprehension of how safe 

driving practices should be a requirement for reducing 

collisions in suburban settings.  

This further study aims to identify key implications for 

transport safety policy in suburban areas of developing 

countries. Furthermore, the study uses safe travel behavior 

to identify and map crash blackspots in the context of 

developing countries. 
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