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Abstract  High traffic speeds and volumes on 

residential roads raise concerns related safety, pollution, 

and noise, prompting interest in traffic calming measures to 

reduce vehicle dominance. While volume control measures 

have proven effective in reducing traffic volume and 

crashes, the impact of speed countermeasures (e.g., vertical 

deflections, horizontal deflections, speed limit reductions) 

remains inconsistent and sometimes contradictory across 

studies. To assess the association between traffic calming 

measures and road traffic crashes, a systematic review and 

meta-analysis of controlled studies (controlled before-after 

and empirical Bayes methods) was conducted up to Aug 

2024. Pooled odds ratios (OR) and their corresponding  

95% confidence intervals (CI) were computed using 

Review Manager 5.4.1. Heterogeneity was evaluated 

through Cochran's chi-square test and the I² statistic. 

Subgroup analyses were performed by measure type. Of 

1,588 identified studies, 24 met inclusion criteria, spanning 

10 countries (1990–2024), with the majority from the 

United States (n=10), Australia (n=4), and the United 

Kingdom (n=3). Meta-analysis revealed a 28% reduction 

in total crashes (OR: 0.72 [95% CI: 0.65, 0.81; I² = 97%]) 

and a 33% reduction in injury crashes (OR: 0.67 [95% CI: 

0.53, 0.85]) in traffic-calmed areas. Pedestrian crashes 

decreased by 18% (OR: 0.82 [95% CI: 0.75, 0.90]). 

Subgroup analyses indicated that area-wide measures 

reduced total crashes by 12% and injury crashes by 15%, 

while vertical deflections reduced total crashes by 19% and 

injury crashes by 23%. In contrast, posted speed limits and 

signal-related interventions showed insignificant 

reductions (3% and 8%, respectively). Results for 

pedestrian crashes were inconsistent and insignificant. In 

conclusion, traffic calming measures are associated with 

significant crash reductions, though effectiveness varies by 

measure type. Further controlled studies, particularly in 

low- and middle-income countries, are needed to fully 

evaluate their impact. 

Keywords  Traffic Calming, Total Crashes, Injury 

Crashes, Pedestrian Crashes, Systematic Review, 

Meta-Analysis 

1. Introduction

Road accidents continue to be a major global issue, 

causing around 1.19 million deaths and numerous injuries 

or disabilities every year. These incidents result in great 

human and financial losses, costing countries up to 3% of 

their GDP. Despite having fewer vehicles, low- and 

middle-income nations experience 93% of these fatalities. 

Road accidents are the top cause of death for individuals 

aged 5 to 29 [1]. Speeding plays a significant role, 

contributing to nearly a third of fatal collisions and 

intensifying the severity of injuries. Residential 

neighborhoods are particularly at risk, with high numbers 

of accidents involving vulnerable road users like cyclists 
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and pedestrians [2-10]. 

To address these challenges, traffic calming measures 

have emerged as a strategy to reduce vehicle dominance, 

improve safety, and enhance the quality of life in urban and 

residential areas. Traffic calming involves physical and 

behavioral interventions designed to reduce traffic volume 

and speeds, modify driver behavior, and improve safety for 

pedestrians and non-motorists [11-15]. The concept 

originated in the Netherlands in the 1960s with the 

development of “woonerven” or “living yards,” where 

cyclists and pedestrians were given legal precedence over 

motorists. This approach spread to Germany in the 1970s 

under the term “Verkehrsberuhigung” (traffic calming) and 

later to the United States, Canada, Australia, and other 

European countries. Early implementations outside the U.S. 

demonstrated significant success, with reported reductions 

in accidents and injuries by up to 80% [16-23]. 

Traffic calming measures typically employ three design 

principles: narrowing the actual or perceived street width, 

introducing vertical displacements (e.g., speed bumps), 

and creating curved vehicle paths. These measures are 

broadly categorized into two groups based on their 

intended effects: volume control measures (e.g., diagonal 

diverters, full closures, half closures) and speed control 

measures (e.g., vertical deflections, horizontal deflections, 

road narrowing, and speed limit reductions). The 

underlying theory is that reducing vehicle speeds lowers 

the likelihood of collisions with pedestrians or cyclists and, 

in the event of a crash, minimizes the severity of injuries 

[24-37]. 

High traffic speeds and volumes on residential roads 

pose significant challenges, including safety risks, noise 

pollution, and environmental concerns. In response, local 

officials and residents have increasingly turned to traffic 

calming measures to mitigate vehicle dominance. Despite 

their growing implementation, the effectiveness of speed 

control measures in reducing traffic crashes remains 

unclear, with existing studies reporting inconsistent and 

sometimes contradictory findings [2], [9], [28], [38], [39]. 

This study seeks to address this issue through a 

comprehensive systematic review and meta-analysis 

focused on speed related traffic calming methods. The goal 

is to synthesize key findings, highlight gaps, and offer 

guidance for future research particularly for policymakers 

in lower-income countries. 

2. Methodology 

2.1. Search Strategy 

A thorough search of the literature was carried out in 

line with PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) guidelines. The 

search strategy involved identifying keywords related to 

traffic calming measures and crash reduction, formulating 

a search string, selecting appropriate databases, testing the 

search string, and modifying it as necessary to ensure 

relevant research was retrieved. The databases searched 

up to Aug 2024 included IngentaConnect, Scopus, 

PubMed, ScienceDirect, Scirus, and The Transportation 

Research Information Services (TRIS), along with 

institutional repositories and government transportation 

websites. A PRISMA flow diagram in Figure 1 was used 

to document and visualize the number of studies retrieved, 

screened, and those ultimately included in the 

meta-analysis. 

2.2. Inclusion and Exclusion Criteria 

Rigorous inclusion and exclusion criteria were carefully 

defined to ensure the reliability and relevance of the 

selected studies. Only controlled before and after studies 

and studies employing the empirical Bayes method were 

included in the analysis. The primary outcome measures 

considered were total crashes, pedestrian crashes, and 

injury crashes. Interventions examined in the selected 

studies included vertical deflections such as raised 

crosswalks and speed humps, horizontal deflections like 

roundabouts and chicanes, horizontal narrowing such as 

road diets and center island narrowing, signal-related 

interventions including split-phase timing and increased 

cycle length, and posted speed limit reductions. Studies 

lacking a control group or focusing on outcomes such as 

volume, speed, environmental noise, or air quality were 

excluded from the review. 

2.3. Statistical Analysis 

Review Manager (RevMan, version 5.4.1) was used for 

all statistical analyses. The odds ratios were calculated 

under a generic inverse variance weighting method. To 

assess the presence of heterogeneity among the studies, 

the I² statistic and Cochran’s Q-test were applied. When 

substantial heterogeneity was detected (I² > 75%), a 

random effects model was used to provide more 

generalizable results. Additionally, subgroup analyses 

were performed based on the type of measure 

implemented, allowing for a deeper understanding of how 

different traffic calming strategies influence crash 

reduction outcomes. The results of these subgroup 

analyses were illustrated using forest plots, highlighting 

the effectiveness of various traffic calming approaches 

across different study setting. 
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Figure 1.  PRISMA Flow Diagram 

3. Results and Discussions 

3.1. Characteristics of Included Studies 

From the database searches, 1,588 studies were initially 

retrieved, but after applying the inclusion and exclusion 

criteria, only 24 studies met the requirements for inclusion 

in this meta-analysis. The selected studies covered 

research conducted in 10 different countries, with the 

majority originating from the United States (n=10), 

followed by Australia (n=4), the United Kingdom (n=3), 

and others from Canada, Ireland, the Czech Republic, 

Denmark, Japan, Belgium, and Greece. Among these 

studies, 21 provided data on total crashes, 16 reported 

findings on injury crashes, and 9 analyzed pedestrian 

crashes, allowing for a comprehensive evaluation of 

traffic calming measures' effectiveness in crash reduction. 

A detailed breakdown of study characteristics, including 

the geographic distribution and intervention types, is 

presented in Table 1. 
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Table 1.  Characteristics of Included Studies 

Reference Location / Country Type of measure Study design Effect size (Odds ratio) 

1. [40] Vancouver 

Canada 

Stop sign CITS (controlled interrupted time 

series) 

3 years data 

● Total crashes 

0.55 [0.34, 0.90] 

2. [41] California & 

Washington 

USA 

Road diets Before and after and empirical bayes 

method with comparison group 

1 to 3 years of data before and after. 

● Total crashes 

0.80 [0.73, 0.89] 

3. [42] Greece Speed humps, 

woonerfs, raised 

intersections 

Controlled before and after (CBA) 

1 year before 

1 year After 

● Total crashes 

0.62 [0.36, 1.06] 

● Pedestrian crashes 

0.72 [0.23, 2.23] 

● Injury crashes 

0.66 [0.41, 1.06] 

4. [43] New York, USA Speed humps, road 

diets, high visibility 

crosswalk, posted 

speed limit, increase 

pedestrian crossing 

time, signal 

installation and split 

time phasing etc. 

Controlled before and after (CBA) 

5 years before 

2 years after 

 Road diets 

● Total crashes 

0.33 [0.29, 0.38] 

● Pedestrian crashes 

0.59 [0.35, 1.00] 

● Injury crashes 

0.57 [0.49, 0.65] 

 High visibility crosswalk 

● Total crashes 

0.99 [0.74, 1.33] 

● Pedestrian crashes 

0.52 [0.37, 0.73] 

● Injury crashes 

1.06 [0.82, 1.37] 

 Increasing cycle length 

● Total crashes 

0.98 [0.79, 1.22] 

● Pedestrian crashes 

0.49 [0.40, 0.60] 

● Injury crashes 

0.89 [0.72, 1.10] 

 Signal installation 

● Total crashes 

0.75 [0.65, 0.86] 

● Pedestrian crashes 

1.01 [0.68, 1.49] 

● Injury crashes 

0.80 [0.70, 0.92] 

 Posted speed limit reduction 

● Total crashes 

0.86 [0.63, 1.18] 

● Pedestrian crashes 

0.65 [0.42, 1.00] 

● Injury crashes 

0.88 [0.58, 1.33] 
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Table 1 continued 

     Speed Humps 

● Total crashes 

0.91 [0.64, 1.29] 

● Pedestrian crashes 

1.08 [0.72, 1.63] 

● Injury crashes 

0.85 [0.57, 1.26] 

 Split phase timing 

● Total crashes 

0.83 [0.66, 1.05] 

● Pedestrian crashes 

0.74 [0.46, 1.18] 

● Injury crashes 

0.82 [0.57, 1.19] 

5. [44] New York, USA Speed tables Controlled before and after (CBA) 

5 years before 

5 years after 

● Total crashes 

1.37 [0.58, 3.24] 

● Pedestrian crashes 

1.34 [0.56, 3.17] 

● Injury crashes 

1.09 [0.46, 2.57] 

6. [45] Denmark 30 km/h or 15 km/h, 

combined with a 

variety of physical 

speed reducing 

measures such as 

speed humps 

Controlled before and after (CBA) 

3 years before 

3 years after 

● Injury crashes 

0.37 [0.15, 0.90] 

7. [46] Australia Wide raised 

medians 

From narrow 

painted median to 

wide (2.7-2.9 m) 

raised median. 

(NPM to WRM) 

Controlled before and after (CBA) 

● TG: 2-3 years before and after 

● CG: 4 years BA 

● Total crashes 

0.78 [0.70, 0.88] 

● Pedestrian crashes 

0.77 [0.36, 1.63] 

8. [47] Ireland Gateways Controlled before and after (CBA) 

4 years before 

4 years after 

● Total crashes 

0.87 [0.71, 1.07] 

9. [48] Lowa, USA Road diets Controlled before and after (CBA) 

with Empirical Bayes (EB) 

5 years before 

5 years after 

● Total crashes 

0.61 [0.56, 0.65] 

● Injury crashes 

0.66 [0.61, 0.73] 

10. [49] USA 

8 different states: 

California,  Florida, 

Colorado,  Maine, 

Kansas, South 

Carolina,  

Maryland, and 

Vermont 

Modern 

roundabouts 

Controlled before and after (CBA) 

with Empirical Bayes (EB) 

56-21 months before 

79-19 months after 

Group Characteristic Before the conversion 

1. Single lane, urban, stop controlled: 

● Total crashes 

0.39 [0.37, 0.41] 

● Injury crashes 

0.23 [0.21, 0.25] 

2. Single lane, rural, stop controlled: 

● Total crashes 

0.42 [0.40, 0.45] 
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Table 1 continued 

    ● Injury crashes 

0.18 [0.17, 0.19] 

3. Multilane, urban, stop controlled: 

● Total crashes 

0.85 [0.79, 0.92] 

4. Urban, signalized: 

● Total crashes 

0.68 [0.61, 0.76] 

● Injury crashes 

0.32 [0.26, 0.39] 

11. [50] Minnesota, US  Road diets Controlled before and after with 

Empirical Bayes (EB) 

5 years before 

5 years after 

● Total crashes 

0.63 [0.55, 0.73] 

● Injury crashes 

1.13 [0.90, 1.42] 

12. [51] London, UK ---20 mph zones--- 

Road humps, speed 

cushion, raised 

junction, raised 

footways and 

chicanes. 

Controlled before and after 

5 years before 

1-5 years after 

● Total crashes 

0.62 [0.56, 0.68] 

● Pedestrian crashes 

0.67 [0.57, 0.79] 

13. [52] Different cities in the 

UK (e.g., Oxford, 

York, Richmond, 

Bristol, Cambridge, 

etc.) 

Humps & Tables Controlled before and after 

3-6 years before 

2-4 years after 

● Total crashes 

0.33 [0.23, 0.47] 

14. [53] Kentucky, Missouri, 

and Pennsylvania, 

USA 

Centerline and 

shoulder rumble 

strips 

Controlled before and after with 

empirical bayes method 

● Total crashes 

0.80 [0.76, 0.84] 

● Injury crashes 

0.77 [0.72, 0.82] 

15. [54] USA Adjusting traffic 

signal change 

intervals 

Controlled before and after 

3 years before 

3 years after 

● Total crashes 

0.92 [0.82, 1.03] 

● Injury crashes 

0.88 [0.77, 1.01] 

● Pedestrian crashes 

0.63 [0.38, 1.02] 

16. [55] Victoria, Australia  50 km/hr limits Controlled before and after 

61 months before 

5 months after 

● Total crashes 

0.89 [0.82, 0.96] 

● Injury crashes 

0.89 [0.83, 0.97] 

● Pedestrian crashes 

0.86 [0.71, 1.05] 

17. [56] Western Australia 50 km/hr limits Controlled before and after 

4 years before 

2 year after 

● Total crashes 

0.71 [0.69, 0.74] 

● Injury crashes 

0.74 [0.69, 0.79] 

● Pedestrian crashes 

0.43 [0.31, 0.61] 
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Table 1 continued 

18. [57] United Kingdom Mini-roundabouts 

and banned right 

turns, selective 

closures and 

Closures, Right turn 

bays, sheltered 

parking, 

Strings of Central 

Refuges, Threshold 

treatment. 

Controlled before and after 

5 years before 

2 years after 

● Total crashes 

0.87 [0.74, 1.03] 

● Injury crashes 

0.86 [0.74, 1.02] 

● Pedestrian crashes 

0.95 [0.72, 1.27] 

19. [58] New York 11 street design 

elements which 

were associated 

with pedestrian 

safety 

Controlled before and after 

1-3 years before and after 

1. Bicycle lane 

● Pedestrian crashes 

0.90 [0.56, 1.46] 

2. Buffer for pedestrians 

● Pedestrian crashes 

0.78 [0.44, 1.36] 

3. Curb extension 

● Pedestrian crashes 

0.95 [0.62, 1.46] 

4. High visibility Crosswalk 

● Pedestrian crashes 

0.97 [0.58, 1.64] 

5. Lane removal or narrowing 

● Pedestrian crashes 

0.81 [0.52, 1.24] 

6. Median alteration 

● Pedestrian crashes 

1.10 [0.69, 1.76] 

7. Parking rearrangement 

● Pedestrian crashes 

1.09 [0.68, 1.74] 

8. Pedestrian plaza 

● Pedestrian crashes 

0.50 [0.25, 0.97] 

9. Pedestrian refugee 

● Pedestrian crashes 

0.79 [0.50, 1.25] 

10. Traffic signal alteration 

● Pedestrian crashes 

1.07 [0.70, 1.65] 

11. Turning lane alteration 

● Pedestrian crashes 

1.03 [0.70, 1.53] 
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Table 1 continued 

20. [59] 22 States in the US Lowering speed 

limits. 

Speed limits were 

lowered by 5, 10, 15 

& 20 mi/h 

Controlled before and after 

3 years before 

2 years after 

❖ Lower limit by 5 mi /h 

● Total crashes 

1.11 [0.84, 1.47] 

❖ Lower limit by 10 mi /h 

● Total crashes 

0.93 [0.76, 1.14] 

❖ Lower limit by 15 or 20mi /h 

● Total crashes 

0.97 [0.66, 1.44] 

● Injury crashes 

0.96 [0.75, 1.23] 

21. [60] Belgium Lowering speed 

limits. 

From 90km/h to 

70km/h 

Controlled before and after 

4 years before 

4 years after 

● Injury crashes 

0.95 [0.88, 1.03] 

22. [61] Japan -Area wide- 

speed humps, 

colored pavement, 

chicanes, limited 

street width, and 

entry treatment. 

Controlled before and after 

6 years before 

6 years after 

● Total crashes 

0.87 [0.41, 1.85] 

23. [46] Australia Wide raised 

medians 

From narrow raised 

median to wide 

(2.7-2.9 m) raised 

median. 

(NRM to WRM) 

Controlled before and after (CBA) 

● TG: 2-3 years before and after 

● CG : 4 years BA 

● Total crashes 

0.74 [0.58, 0.94] 

● Pedestrian crashes 

0.43 [0.06, 2.97] 

24. [62] Czech Roundabouts 

(Urban roads, 4 

legs, unsignalized, 

single lane) 

Controlled before and after with 

Empirical Bayes (EB) 

1-14 years before 

3-10 years after 

● Total crashes 

0.48 [0.34, 0.63] 

● Injury crashes 

0.47 [0.35, 0.63] 

 

3.2. Effectiveness of Traffic Calming on Total Crashes 

The meta-analysis revealed significant reductions in 

crash occurrences across different categories. For total 

crashes, the pooled odds ratio was 0.72 with a 95% 

confidence interval of [0.65, 0.81], indicating that the 

implementation of traffic calming measures was 

associated with a 28% reduction in total crashes compared 

to control areas. However, substantial heterogeneity was 

detected across the studies (I² = 97%), suggesting 

variations in the effectiveness of different traffic calming 

strategies. To investigate the sources of this heterogeneity, 

a subgroup analysis was conducted based on the type of 

measure. Area-wide interventions demonstrated a 12% 

reduction in total crashes, while vertical deflections were 

associated with a 19% decrease. Horizontal deflections 

and narrowing proved to be the most effective, leading to 

a 44% reduction in total crashes. Conversely, posted 

speed limit reductions and signal-related interventions, 

such as split time phasing and increasing cycle length, 

showed no significant effect on total crash occurrences, 

with p-values of 0.54 and 0.06, respectively. These 

findings are illustrated in the forest plot for total crashes 

(Figure 2), which depicts the estimated effect sizes for 

individual studies and the overall pooled estimate, while 

Figure 3 presents the subgroup analysis, highlighting the 

differential effectiveness of traffic calming measures by 

intervention type. 



3554 Traffic Calming Measures and Crash Reduction: A Systematic Review and Meta-Analysis of Global Evidence  

 

 

Figure 2.  Forest plot of traffic calming effects on total crashes 

 

Figure 3.  Subgroup analysis of total crash reduction by intervention type 
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3.3. Effectiveness of Traffic Calming on Injury Crashes 

For injury crashes, the pooled odds ratio was 0.67 [0.53, 

0.85], reflecting a 33% reduction in injury crashes in areas 

where traffic calming measures were implemented. 

Similar to total crashes, substantial heterogeneity was 

observed across the studies (I² = 99%). The subgroup 

analysis revealed that area-wide measures contributed to a 

15% reduction in injury crashes, while posted speed limit 

changes exhibited an insignificant 5% decrease (p=0.19). 

Vertical deflections were associated with a 23% reduction 

in injury crashes, while signal-related interventions, such 

as adjustments in signal timing, demonstrated a 15% 

decrease. Horizontal deflections, however, yielded the 

most pronounced effect, reducing injury crashes by 73%, 

though with substantial heterogeneity remaining (I² = 

99%). These findings suggest that physical modifications 

to the roadway, particularly those involving geometric 

changes such as roundabouts and road diets, are 

significantly more effective in preventing injury crashes 

than measures that merely regulate speed limits. The 

forest plot for injury crashes in Figure 4 summarizes 

overall effect sizes, while Figure 5 visually contrasts the 

efficacy of specific intervention types, reinforcing the 

importance of design-driven strategies. 

3.4. Effectiveness of Traffic Calming on Pedestrian 

Crashes 

Regarding pedestrian crashes, the meta-analysis yielded 

a pooled odds ratio of 0.82 [0.75, 0.90], signifying an   

18% reduction in pedestrian crashes in areas with traffic 

calming measures. Unlike the previous categories, the 

level of heterogeneity for pedestrian crashes was 

relatively low (I² = 24%), suggesting more consistent 

effects across the studies. However, the subgroup analysis 

did not reveal any statistically significant differences 

between different types of measures in reducing 

pedestrian crashes. This lack of differentiation could be 

due to the relatively small number of studies available in 

each subgroup, limiting the statistical power necessary to 

detect variations in effectiveness across different traffic 

calming strategies. The forest plot for pedestrian crashes 

in Figure 6 summarizes the observed effect sizes and 

overall effectiveness of interventions, while Figure 7 

presents the subgroup analysis, providing an additional 

context for these findings. 

 

Figure 4.  Forest plot of traffic calming effects on injury crashes 
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Figure 5.  Subgroup analysis of injury crash reduction 

 

Figure 6.  Forest plot for pedestrian crash reduction 
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Figure 7.  Subgroup analysis of pedestrian crash reduction by intervention type 

4. Conclusions 

The findings of this systematic review and 

meta-analysis provide strong evidence that traffic calming 

measures play a crucial role in reducing road traffic 

crashes, injury crashes, and pedestrian crashes. The results 

indicate that total crashes were reduced by 28%, injury 

crashes by 33%, and pedestrian crashes by 18% in areas 

where traffic calming measures were implemented. 

Among the various interventions, horizontal deflections 

and narrowing, such as roundabouts and road diets, 

demonstrated the greatest impact, while posted speed limit 

reductions and signal-related interventions showed 

negligible effects. The analysis underscores the 

importance of physical roadway modifications in 

enhancing road safety and reducing crash occurrences. 

Despite these positive findings, the evidence base is 

heavily skewed toward high-income countries, which 

limits the generalizability of results to low- and 

middle-income countries (LMICs). Given that LMICs 

bear a disproportionate burden of road traffic injuries, 

future research must focus on evaluating TCMs in these 

settings, considering variations in infrastructure, driver 

behavior, and enforcement. 

Additionally, while the study acknowledges 

heterogeneity across results, further exploration into 

contributing factors such as urban versus rural contexts 

and enforcement levels is needed. It is also important to 

assess the long-term durability of TCM effects, as many 

studies focus on short-term outcomes. Policymakers 

should also be mindful of implementation challenges, 

including public resistance, cost, and the risk of shifting 

traffic to adjacent streets. 

Overall, TCMs present a promising strategy for 

improving road safety. To maximize their impact, further 

context-specific research, especially in LMICs, and 

careful integration into broader transportation policies are 

essential. 
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