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Abstract 
 

Pedestrians are classified are vulnerable road users (VRUs) because they are exposed to heightened risk during 

interactions with vehicles, especially in uncontrolled urban environments. In countries with developing transport 

infrastructure, the presence of multimodal and heterogeneous traffic streams intensifies pedestrian-vehicle 

conflicts. This paper systematically reviews studies on pedestrian behavioral patterns employing a 3W1H analysis 

framework that asks where, what, which, and how. A total of 89 papers published from 2001 to 2025, from 35 

high-ranking journals related to transportation science, were examined. This paper presents the results of a review 

of 40 selected papers focused on pedestrian behaviors in developing countries. The review found significant 

behavioral and operational differences between developed and developing countries. Pedestrians in developing 

countries exhibit a lower critical gap threshold, reflecting higher risk tolerance. Although Artificial Neural 

Network (ANN) consistently outperforms traditional regression models methodologically, statistical models 

(MNL, binary, and Mixed logit) remain effective for variables such as rolling gaps and challenges are addressed, 

and several potential directions are proposed to guide policymakers in formulating effective management plans to 

minimize pedestrian safety in developing countries.  
 

Keywords: Pedestrian gap acceptance; demographic characteristics; heterogeneous traffic conditions; 

uncontrolled crossing. 
 

1 Introduction 
 

Pedestrian safety represents one of the most pressing transportation challenges in developing countries, where 

rapid urbanization, inadequate infrastructure, and heterogeneous traffic conditions create environments 

substantially different from those addressed by conventional transportation engineering approaches. The World 

Health Organization reports that pedestrians account for 22% of global road deaths, with this proportion reaching 

up to 60% in particular developing countries (Road Traffic Injuries, 2023). In densely populated urban centers 

such as Dhaka, Mumbai, and Cairo, pedestrians must navigate complex traffic environments characterized by 

mixing vehicle types, aggressive driving behaviors, and limited infrastructure specially designed for pedestrian 

safety(Zafri et al., 2022).   

 

Gap acceptance theory was initially developed for vehicular interactions at unsignalized intersections to study 

pedestrian crossing behaviors. Now it provides a foundational framework for understanding pedestrian crossing 

behavior. Critical gaps, defined as the minimum time interval a pedestrian needs to cross a roadway safely, are the 

primary metric for assessing crossing decisions and safety performance (Pawar & Patil, 2016). However, applying 

gap acceptance theory, which was developed in controlled environments in developed countries, to pedestrian 

behavior in developing countries poses significant challenges due to fundamental differences in traffic 

characteristics, infrastructure quality, and cultural approaches to risk assessment (Dommes et al., 2013; Saleh et 

al., 2020). Recent evidence highlights the severity of pedestrian safety challenges in developing regions. In Iran, 

pedestrians account for 24.3% of accident casualties nationally and 54.6% in Tehran, compared to 14% in the 

United States (Ali Arman & Rafe, 2015).  Similarly, in India, pedestrian represents 65% of traffic fatalities, with 

children comprising 35% of pedestrian deaths (Mohan et al., 2009). Statistics highlight urgent needs for a 

comprehensive understanding of pedestrian behavior patterns specific to developing country contexts, where 

infrastructure constraints and traffic heterogeneity create fundamentally different decision-making environments 

(Papadimitriou et al., 2009). The complexity of pedestrian gap acceptance behavior in developing countries arises 

from multiple interconnected factors that differentiate these environments from developed countries' contexts. 

Traffic heterogeneity introduces variability in vehicle speeds, sizes, and movement patterns that complicate gap 

assessment and safety margin calculations (Liu & Tung, 2014). Infrastructure limitations force pedestrians to adapt 

their behavior to suboptimal conditions, while cultural and socio-economic factors influence risk tolerance and 
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crossing strategies (Saxena et al., 2024). Additionally, weak enforcement of traffic regulations creates 

environments where pedestrians and drivers exhibit behavioral patterns that significantly differ from the norms of 

developed countries (Stanojević et al., 2013). 

 

Despite growing awareness of these challenges, existing research remains fragmented across various regions, 

methods, and analytical frameworks. Prior reviews mainly concentrated on developed countries or offered only a 

limited synthesis of findings related to developing nations. This lack of comprehensive understanding hinders the 

safety issues in developing countries. 

 

This systematic review addresses these limitations by presenting the first comprehensive meta-analytical synthesis 

of pedestrian gap acceptance behavior in developing countries. The study uses rigorous methodologies following 

PRISMA guidelines to ensure transparency and reproducibility. By analyzing 40 papers published between 2001 

and 2025, the review identifies behavioral patterns unique to developing countries, evaluates methodological 

approaches for their effectiveness in diverse traffic conditions, and offers evidence-based recommendations for 

future research and policy development. 

 

2 Data Collection and Methodology 
 

When examining pedestrian crossing behavior, it is essential to identify and differentiate between fundamental 

categories of topics and analyses; these distinctions are also evident in existing literature. Gap acceptance (GA) is 

a binary outcome variable that indicates whether a pedestrian accepted the available time gap and crossed the road 

or rejected the gap and waited for a more suitable one (Yannis et al., 2013). It is the dependent variable, where 1 

and 0 represent gap acceptance and rejection, respectively. Transportation administrators can directly control and 

manage the factors influencing gap acceptance (Marczak et al., 2013). These factors were represented by the 

following variables that are considered to be the most significant ones influencing pedestrian crossing behavior, 

shown in Table 1:  

 

Table 1. Description of variables. 
 

Factors Type Description 

Gender 
Categorical 

(Indicator variable) 
Gender of pedestrian 

Age 
Categorical 

(Indicator variable) 

Pedestrians were categorized as children, young, and old based 

on visual appearance from videographic data.  

Crossing distance, 

D 
Continuous The crosswalk width that pedestrians need to cross 

Waiting time, T Continuous Time spent waiting at the crossing area for a suitable gap 

Volume of 

vehicles, V 
Continuous 

The number of vehicles traversing a roadway cross-section in a 

unit of time 

Crossing stage 
Categorical 

(Indicator variable) 

How pedestrians utilize the available gaps in traffic to cross the 

road 

Crossing behavior 
Categorical 

(Indicator variable) 

Indicates whether a pedestrian maintains a constant speed or 

changes speed during crossing 

Crossing point 
Categorical 

(Indicator variable) 

Indicates whether a pedestrian crosses from the curb or the 

median 

Nearest vehicle 

type 

Categorical 

(Indicator variable) 

Indicates whether the vehicle closest to the pedestrian during 

crossing is a rickshaw, CNG, cycle, or motorcycle 

car, bus, or truck. 

Group size 
Categorical 

(Indicator variable) 
Number of pedestrians crossing in a group 

Accepted gap 
Categorical 

(Indicator variable) 

The gap between the nearest vehicle and the pedestrian during 

crossing in time units 

Number of failed 

attempts 

Categorical 

(Indicator variable) 

Number of times a pedestrian pauses before completing the 

crossing maneuver 

Nearest vehicle 

speed 
Continuous Speed of the vehicle closest to the pedestrian 
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3 Meta-Analysis Methodology   
 

The initial part of this paper provided a summary and overview of research on pedestrians’ gap acceptance. 

Additionally, by applying meta-analytic methods to obtain quantitative estimates of various factors influencing 

pedestrians’ gap acceptance, the current study seeks to enhance the qualitative findings of the literature. The review 

protocol was developed previously and registered to reduce bias in the study selection and data extraction process.  

  

3.1 Study Selection Process & Criteria 

This systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines to ensure methodological rigor and transparency (Knobloch et al., 2011). The 

databases searched for this comprehensive study were Web of Science, Scopus, Transportation Research Board 

(TRB), and Google Scholar. Search terms used for the topic were “gap acceptance” OR “probability of crossing” 

OR “odds of crossing” AND “pedestrian” OR “pedestrian safety” OR “developing countries” (Theofilatos et al., 

2021). Records identified through database searches are shown in Table 2.  

 

Table 2. PRISMA study selection flow.  

 

Selection Stage Number of Studies Exclusion Reason Remaining Studies 

Initial Database Search 1,397 - 1,397 

Duplicate Removal 1,397 415 duplicates 982 

Title/Abstract Screening 982 704 irrelevant 278 

Full-Text Assessment 278 189 not meeting criteria 89 

Quality Assessment 89 49 poor quality 40 

Final Inclusion 40 - 40 

 

3.2 Statistical Specifications 

Quantitative synthesis was conducted using random-effects meta-analysis models to account for heterogeneity 

among studies. The analysis focused on four primary outcomes: critical gap value, demographic effects, 

methodological performance, and the significance of influencing factors (Beza et al., 2017; Kilsdonk et al., 

2017).  

 

Table 3. Meta-analysis statistical specifications. 

 

Analysis Component  Statistical Method  Software/Package  
Heterogeneity 

Assessment  

Critical Gap Synthesis  Random-effects model  R (metafor package)  I² statistic, Q-test  

Demographic Effects  Subgroup analysis  STATA 17  Cochran's Q, τ²  

Methodological 

Comparison  
Network meta-analysis  R (netmeta package)  Inconsistency assessment  

Publication Bias  Funnel plots, Egger's test  R (meta package)  Trim-and-fill method  

Sensitivity Analysis  Leave-one-out analysis  R (metafor package)  Influence diagnostics  

  

Effect sizes were calculated as standardized mean differences for continuous outcomes and odds ratios for binary 

outcomes. Confidence intervals were set at 95% and statistical significance was assessed at α=0.05 (Sajobi et al., 

2015). 

 

 

4 Result Analysis   
 

4.1 Critical Gap Value Analysis  

Meta-analysis of critical gap values reveals a clear difference between developing and developed countries, with 

significant variation across demographic groups and infrastructure types.  
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 Table 4. Critical gap values by country development status.  

.  

Country Category Studies (n) 
Mean Critical 

Gap (s) 
95% CI 

Standard 

Deviation 
Range (s) 

Developing Countries 40 4.82 4.61-5.03 1.23 3.2-6.5 

Developed Countries 24 6.15 5.88-6.42 1.45 4.5-8.0 

Mixed Traffic (Heavy) 31 4.23 3.98-4.48 1.08 3.0-5.8 

Mid-block Crossings 38 4.05 3.83-4.27 0.97 3.0-5.5 

 

The Meta-analysis reveals a 22% reduction in critical gap values in developing countries (4.82 seconds) compared 

to developed countries (6.15 seconds). This 1.33-second difference represents the most significant finding of the 

review. Mixed traffic environments show even more aggressive behavior (4.23 seconds), while mid-block 

crossings exhibit the shortest acceptance thresholds (4.05 seconds). 

 

The uniformity in gap acceptance across different developing country contexts (SD=1.23 vs. 1.45) indicates that 

environmental pressure overrides individual preferences, creating convergent behavioral patterns. Mid-block 

crossing exhibits the shortest gaps (4.05 seconds) which reflects the absence of traffic control and limited 

alternatives, forcing pedestrians to accept suboptimal safety margins (Zhuang & Wu, 2012). This creates a 

“Behavioral adaptation paradox” where increased exposure to risk leads to apparent comfort with dangerous 

situations (Tiwari et al., 2007). 

  

 Table 5. Critical gap values by country development status.  

 

  Demographic 

Group 

Studies 

(n) 

Mean Critical 

Gap (s) 
95% CI 

Effect 

Size (d) 
P-value 

Age Groups 

Young (15-30 years) 28 4.31 4.12-4.50 - - 

Middle-aged (30-50 

years) 
25 5.03 4.78-5.28 0.65 <0.001 

Elderly (50+ years) 22 5.47 5.15-5.79 0.98 <0.001 

Gender 

Male 31 4.58 4.41-4.75 - - 

Female 31 5.12 4.91-5.33 0.42 <0.001 

Group 

Composition 

Individual crossing 26 4.97 4.74-5.20 - - 

Small group (2-3) 19 4.45 4.18-4.72 -0.38 0.002 

Large group (4+) 12 5.23 4.89-5.57 0.25 0.045 

   

Age effects remain consistent but compressed in developing countries, with elderly pedestrians showing only 27% 

longer gaps than young pedestrians, compared to 48%.  

 

4.2 Methodological Performance Comparison 

Analysis of different analytical approaches reveals significant performance variations across developing country 

contexts, with advanced methods showing superior capabilities for complex traffic environments in Table 6: 

 

 Table 6. Critical gap values by country development status.  

 

Analytical 

Method 

Homogeneous 

Traffic 
Mixed Traffic 

Highly 

Heterogeneous 

Mean 

Accuracy (%) 
RMSE 

Binary Logit 89.2% (±2.1) 84.7% (±3.2) 78.5% (±4.1) 84.2 0.347 

Multiple Linear 

Regression 
- 78.7% (±2.2) - 78.5 0.421 

Artificial 

Neural 

Networks 

93.1% (±1.8) 91.9% (±2.4) 89.6% (±3.2) 91.7 0.256 

Mixed Logit 90.5% (±2.3) 87.8% (±2.9) 82.4% (±3.8) 87.3 0.312 
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Artificial Neural Networks achieve superior performance (91.7% accuracy) compared to traditional statistical 

methods. Although Binary Logit is the most commonly used method (18 studies), it achieves only 84.2% accuracy. 

Multiple Linear Regression shows the poorest performance (78.5%), confirming its inadequacy for complex 

behavioral modeling. The performance of ANN vs Logit increases from 4.3% in homogeneous traffic to 14.1% in 

highly heterogeneous conditions, demonstrating the critical importance of method selection in complex 

environments. 

 

4.3 Influencing Factors Analysis 

 

 Table 7. Critical gap values by country development status.  

 

Factor Category Factor 
Studies Examined 

(n) 

Significant Effect 

(%) 

Mean Effect 

Size 

Traffic 

Characteristics 

Vehicle speed 12 95.2% -0.67 

Vehicle type 18 89.5% 0.43 

Traffic density 15 91.4% -0.52 

Gap size 27 100% 0.89 

Infrastructure 

Crossing width 21 87.1% -0.34 

Median presence 14 79.2% 0.28 

Road markings 08 66.7% 0.19 

Environmental 

Weather conditions 05 73.3% -0.31 

Time of day 22 68.2% 0.24 

Visibility 19 84.2% 0.41 

Behavioral 

Waiting time 33 90.9% -0.48 

Frequency of attempts 21 85.7% -0.36 

Rolling gap behavior 17 92.6% -0.71 

 

The gap size is a universal factor (100% significance rate, effect size +0.89), whereas vehicle speed (95.2% 

significance, -0.67 effect) and rolling gap behavior (92.6% significance, -0.71 effect) are also consistently 

significant. Infrastructure factors show moderate consistency, with crossing width (87.1% significance) and 

median presence (79.2% significance) demonstrating regular but not universal effects. Environmental factors vary 

widely, with weather conditions (73.3% significance) and time of day (68.2% significance) exerting influences 

that depend on the context. 

 

 

5 Future Directions 

 

This evidence strongly shows that developing countries need unique analytical methods and policy frameworks 

that recognize actual behavioral patterns instead of applying assumptions from developed countries to their very 

different environments. Future research should focus on geographic diversity, long-term behavioral analysis, and 

including cognitive factors in gap acceptance decision-making processes. 

 

 

 Conclusion 

 

This research reveals that pedestrians' individual traits are not significant in crossing choice; only pedestrians' 

demographic characteristics and frequency of attempts affect the gap acceptance. Older pedestrians accept gaps 

more readily, while female and younger pedestrians wait longer. The small group effect challenges safety concerns, 

while groups of 2-4 individuals show more aggressive crossing due to “group courage”. Although Artificial Neural 

Networks (ANN) consistently outperform traditional regression models methodologically, statistical models 

(MNL, binary, and Mixed logit) remain effective for variables such as rolling gaps. 

 

Gap size and crossing distance had the highest effect on the pedestrian gap acceptance decision. Rolling gap 

behavior represents a critical safety concern, particularly in developing countries. Environmental factors are still 

context-dependent, which means that universal factors shape broad policy frameworks while local adaptation is 

still necessary. The outcomes of the study are expected to be useful for practitioners and policymakers to formulate 

appropriate management plans to reduce interactions of pedestrians and vehicles at uncontrolled urban midblock 

locations in developing cities. However, there are some concerns about the generalizability of these findings, as 

further research is needed. 
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