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Abstract

Road traffic safety has become one of the most pressing global issues in the middle of
urbanization, population growth, and rising mobility demands. Empirical evidence
consistently indicates that factors such as traffic volume, congestion, driver behavior,
and roadway design are critical contributors to accident. The swift adoption of
intelligent transportation systems (ITS), big data analytics, and autonomous vehicle
technologies presents new opportunities for enhancing traffic safety outcomes.
Concurrently, policy interventions such as congestion pricing and sustainable transport
strategies remain vital in mitigating road risks. This paper integrates findings from traffic
surveys with a comprehensive review of 75 scholarly works, including 50 articles
published in Q1 journals, to provide evidence-based insights to improve global road
safety.
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Introduction

Road crashes remain a leading cause of premature death and injury, claiming more than
1.35 million lives annually according to the World Health Organization [1]. In low- and
middle-income countries such as Indonesia, rapid motorization and inadequate safety
interventions exacerbate the problem [2], [3], [4], [5]. The complexity of traffic safety
arises from its multi-dimensional determinants traffic exposure, human error, vehicle
conditions, and infrastructure risks [6], [7], [ 8], [9].

Studies highlight that congestion, while reducing travel speed, can paradoxically
increase accident risks through driver stress and risky behavior [10], [11]. Risk exposure
is influenced not only by the distance vehicles travel but also by behavioral patterns,
weather, and temporal factors [12], [13], [14], [15]. Moreover, the rise in mobile phone
use has led to distracted driving becoming a major contributor to crashes [13], [14],[16],

[17], [18].
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Technological developments, particularly ITS, connected vehicles, and automation, are
reshaping safety paradigms [19], [20].Public acceptance of automation remains uneven
[21], [22], while environmental considerations favor sustainable, car-free city designs
[23]. Policy frameworks, including congestion pricing and transport demand
management, have been empirically validated for their safety benefits [24], [25], [26].

Method

This study adopts a mixed-methods approach combining Traffic survey and secondary
literature review. Traffic survey data collected from urban corridors, focusing on traffic
volume, speed, and driver compliance with safety regulations. Secondary literature
review encompassing 75 peer-reviewed works and institutional reports to provide a
global context.

Crash prediction models from prior research [27], [28],[29] guided the survey analysis.
Exposure measures were derived using standard [13], [30]. Variables included speed
variance [31], nighttime visibility [32], and roundabout performance [30]. Policy
dimensions were analyzed through international benchmarks [33], [34], [35], while
social costs of crashes were incorporated to assess economic impacts [6], [8].

Results

Survey analysis overview
The survey analysis revealed several key findings:

1. There is high variability in traffic speeds, which correlates with an increased
frequency of crashes [36],[37], [38].

2. Congested corridors experienced a higher incidence of rear-end and side-swipe
accidents, consistent with findings from [10], [39], [40].

3. The exposure of motorcyclists remains a critical determinant of accident risk, aligning
with the studies conducted by [41], [42]

4. Weather conditions, such as rain, significantly increase the risk of accidents,
supporting the findings of [15], [43].

5. Distracted driving was reported by 27% of respondents, reflecting the research of [17],

[44].
This section enhances the analytical synthesis presented in the study “Traffic Survey
Analysis for Enhancing Road Safety: An Empirical and Literature-Based Review.” It
deepens the discussion by connecting empirical survey findings with theoretical and
policy implications from global literature, aiming to augment the research's contribution
to predictive safety modeling and policy formulation [45], [46].

Critical appraisal of study structure

The paper showcases methodological strength by integrating empirical survey data with
an extensive literature review of 75 academic works, including 50 publications in Q1
journals [38], [47]. Its multidimensional approach to human, vehicle, and infrastructure
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factors establishes a holistic analytical framework [48]. However, the current version
could be improved by explicitly incorporating predictive models, such as the Safety
Performance Function (SPF) and the Crash Modification Factor (CMF) [49], [50]. This
integration would offer a quantitative understanding of how exposure, driver behavior,
and roadway characteristics interact to influence crash risk over time [51].

Synthesis of key empirical insights

The results confirm that speed variability, congestion intensity, and driver distraction
are primary determinants of crash risk [31], [38], [52]. Additionally, stress induced by
congestion contributes to rear-end collisions, reflecting the non-linear “congestion-
safety paradox”[10], [53]. Furthermore, motorcyclist exposure remains critical in low-
and middle-income countries (LMICs), such as Indonesia, emphasizing the need for
policies promoting segregated lanes and behavioral enforcement [42], [54], [55].

Integration toward predictive and systemic modeling

To transition the paper from a descriptive empirical review to a predictive analytical
framework, future work should incorporate quantitative modeling components [50],
[51], [56], as summarized below Table 1.

Table 1. Quantitative modeling components
Recommended

Component Models/Methods Purpose
Crash Prediction Safety Performance Estimate the number of accidents based on
Function (SPF) traffic volume and average speed
[49]
Behavioral Adjustment Crash Modification Factor Modify the effect of behavioral factors
(CMF) (distraction, sign compliance, cell phone use)
[47]
System Dynamics Stock-Flow Diagram Simulate interactions of variables: density —
Modeling (Vensim/Powersim) speed — risk — accidents [36],[57]
Spatial Risk Mapping GIS-based Kernel Density  Identify accident hotspot locations based on
Estimation survey data [58]
Policy Simulation Scenario analysis (ITS Evaluate the impact of policies on long-term
deployment, congestion  accident reduction [23], [24]
pricing)
Discussion

The results corroborate international findings that traffic flow characteristics strongly
influence crash outcomes [38], [59], [60]. While congestion may reduce high-speed
collisions, its effect on rear-end crashes underlines the need for adaptive traffic
management systems [56], [61].

The integration of Intelligent Transportation Systems (ITS) and connected vehicle
technologies holds significant promise for reducing crash risks through enhanced
vehicle-to-vehicle and vehicle-to-infrastructure [62], [63], [64]. However, societal
acceptance remains a challenge [21], [65].
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By combining ITS with vehicle-to-infrastructure (V21) communication, we can
significantly reduce real-time crash risk [62], [66]. Moreover, implementing dynamic
speed management zones informed by real-time traffic data could help reduce
inconsistent speed variances [67]. From an economic standpoint, investing in road
safety technologies offers substantial social returns; for instance, a mere 1% reductionin
crashes could translate to a 0.2% increase in GDP for developing economies [68], [69].

From a policy perspective, initiatives such as congestion pricing, car-free zones, and
sustainable mobility frameworks not only enhance safety but also address
environmental issues [70], [71], [72]. These initiatives align with the World Health
Organization’s global road safety targets [1], [73].

Conclusion

This analytical extension reinforces the significance of the empirical study by connecting
observed crash determinants with systematic and predictive frameworks [50], [51]. It
emphasizes the need to incorporate traffic survey data, behavioral analysis, and policy
modeling to establish a comprehensive scientific foundation for urban road safety
planning, particularly in rapidly motorizing nations [55], [74]. The study highlights that
integrating traffic survey data with global evidence can facilitate effective safety
interventions [75], [76]. Key findings emphasize the importance of managing speed
variability, addressing distracted driving, and investing in Intelligent Transportation
Systems (ITS). Furthermore, policy measures such as congestion pricing and sustainable
transport planning serve to complement technological innovations [23], [24]. Future
research should aim to evaluate the deployment and resilience of autonomous vehicles
and traffic systems under climate change scenarios [1], [64], [77].
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