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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 (Cl) were computed using
Review Manager 5.4.1. Heterogeneity was evaluated
through Cochran's chi-square test and the I1=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; 1=2= 97%)])
and a 33% reduction in injury crashes (OR: 0.67 [95% ClI:
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.
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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
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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 I=statistic and Cochran’s Q-test were applied. When
substantial heterogeneity was detected (12> 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
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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
0.740.46, 1.18]
° Injury crashes
0.82[0.57,1.19]
5. [44] | New York, USA Speed tables Controlled before and after (CBA) | e Total crashes
5 years before 1.37 [0.58, 3.24]
5 years after . 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, | Controlled before and after (CBA) | e Injury crashes
combined witha | 3 years pefore 0.37 [0.15, 0.90]
variety of physical 3 t
speed reducing years after
measures such as
speed humps
7. [46] | Australia Wide raised Controlled before and after (CBA) | e Total crashes
medians e TG: 2-3 years before and after 0.78 [0.70, 0.88]
From narrow e  CG:4yearsBA e Pedestrian crashes
painted median to -7 1
wide (2.7-2.9 m) 0.770.36,1.63]
raised median.
(NPM to WRM)
8. [47] | Ireland Gateways Controlled before and after (CBA) | e Total crashes
4 years before 0.87 [0.71, 1.07]
4 years after
9. [48] | Lowa, USA Road diets Controlled before and after (CBA) | e Total crashes
with Empirical Bayes (EB) 0.61 [0.56, 0.65]
5 years before . Injury crashes
5 years after 0.66 [0.61, 0.73]
10. [49] | USA Modern Controlled before and after (CBA) | Group Characteristic Before the conversion
8 different states: roundabouts with Empirical Bayes (EB) 1. Single lane, urban, stop controlled:
California, Florida, 56-21 months before e  Total crashes
Colorado, Maine, 79-19 months after 0.39[0.37, 0.41]
Kansas, South .
Carolina, . Injury crashes
Maryland, and 0.23[0.21, 0.25]
Vermont 2. Single lane, rural, stop controlled:

° Total crashes
0.42[0.40, 0.45]
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. Injury crashes
0.18[0.17,0.19]
Multilane, urban, stop controlled:
. Total crashes
0.85 [0.79, 0.92]
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 Total crashes
Empirical Bayes (EB) 0.63[0.55, 0.73]
5 years before Injury crashes
5 years after 1.13[0.90, 1.42]
12.  [51] | London, UK ---20 mph zones--- | Controlled before and after Total crashes
Road humps, speed |5 years before 0.62 [0.56, 0.68]
cushion, raised 1-5 years after Pedestrian crashes
junction, raised
footways and 0.67 [0.57,0.79]
chicanes.
13. [52] | Different cities in the | Humps & Tables Controlled before and after Total crashes
UK (&.g., Oxford, 3-6 years before 0.33[0.23, 0.47]
York, Richmond,
Bristol, Cambridge, 2-4 years after
etc.)
14.  [53] | Kentucky, Missouri, | Centerline and Controlled before and after with Total crashes
and Pennsylvania, shgulder rumble empirical bayes method 0.80 [0.76, 0.84]
USA strips .
Injury crashes
0.77[0.72, 0.82]
15. [54] | USA Adjusting traffic Controlled before and after Total crashes
signal change 3 years before 0.92 [0.82, 1.03]
intervals .
3 years after 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 Total crashes
61 months before 0.89 [0.82, 0.96]
5 months after 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 Total crashes
4 years before 0.71[0.69, 0.74]
2 year after Injury crashes
0.74[0.69, 0.79]
Pedestrian crashes
0.43[0.31, 0.61]
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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

10.

11

Bicycle lane
Pedestrian crashes
0.90 [0.56, 1.46]

Buffer for pedestrians
Pedestrian crashes
0.78 [0.44, 1.36]

Curb extension
Pedestrian crashes
0.95 [0.62, 1.46]

High visibility Crosswalk
Pedestrian crashes
0.97 [0.58, 1.64]

Lane removal or narrowing
Pedestrian crashes
0.81 [0.52, 1.24]

Median alteration
Pedestrian crashes
1.10[0.69, 1.76]

Parking rearrangement
Pedestrian crashes
1.09 [0.68, 1.74]

Pedestrian plaza
Pedestrian crashes
0.50 [0.25, 0.97]

Pedestrian refugee
Pedestrian crashes
0.79 [0.50, 1.25]

Traffic signal alteration
Pedestrian crashes
1.07 [0.70, 1.65]

Turning lane alteration
Pedestrian crashes
1.03[0.70, 1.53]




Table 1 continued

Civil Engineering and Architecture 13(5): 3546-3560, 2025

3553

20. [59] | 22 States in the US | Lowering speed Controlled before and after < Lower limit by 5 mi/h
limits. 3 years before Total crashes
Speed limits were | 5 years after 1.11[0.84, 1.47]
lowered by 5, 10, 15
& 20 mi/h < 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 Controlled before and after . Injury crashes
limits. 4 years before 0.95 [0.88, 1.03]
From 90km/h to 4 years after
70km/h

22. [61] | Japan -Area wide- Controlled before and after . Total crashes
speed humps, 6 years before 0.87[0.41, 1.85]
colored pavement, | g years after
chicanes, limited
street width, and
entry treatment.

23.  [46] | Australia Wide raised Controlled before and after (CBA) | e Total crashes
medians e TG: 2-3 years before and after 0.74 [0.58, 0.94]
Fromnarrow raised | o CG : 4 years BA e Pedestrian crashes
median to wide 4 997
(2.7-2.9 m) raised 0.43[0.06, 2.97]
median.

(NRM to WRM)

24. [62] | Czech Roundabouts Controlled before and after with . Total crashes
(Urban roads, 4 Empirical Bayes (EB) 0.48 [0.34, 0.63]
legs, unsignalized, | 1-14 years before Injury crashes

. [ )
single lane) 3-10 years after
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 (12 = 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.
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Study or Subgroup

log[Odds Ratio]

Ambros 2016 Rounabouts, S.lane, Urban
Cameron 2006 Area-wide

Chen etal 2012 PSL

Chen et al 2012 road diets

Chen et al 2013 High visibility crosswalk

Chen et al 2013 Humps

Chen et al 201 2 increasing cycle length

Chen et al 2013 signal installation

Chen et al 2013 split phase timing

Claessen 1994 Wide rised median (NPM)
Claessen 1994 Wide rised median (NRM)

Curtis 2008 Gateways

David 1993 Humps & Tables

David et al 2006 Road diets

Ewing 2013 speed table

Fang 2009 road diets

Hoareau 2004 50kmihr limits

Lyon 2015 Centerline & shoulder rumble strips -- kY
Lyon 2015 Centerline & shoulder rumble strips --MO
Lyon 2015 Centerline & shoulder rumble strips --PA
Mackie 1990 Area-wide

Parker, 1997

Parker 1997 Lower Limit by 10 mifh

Parker 1997 Lower Limit by 15 or 20 mith

Parker 1997 Lower Limit by 5 mifh

Persaud 2001 rounabouts

Persaud 2001 Rounabouts, M.lane, U, S.controlled
Persaud 2001 Rounabouts, S.lane, R, S.controlled
Persaud 2001 Rounabouts, S.lane U, S.controlled
Persaud 2001 Rounabouts, Urban, Signalized
Retting et al., 2002 Mod Traffic signal int

Sayed 2006 Stop sign

Stout 2006 Road diets

Webster 2003 Area-wide

Yannis 2014 Area-wide

Total (95% CI)

-0.7444
-0.1165
-0.1508
-1.1087
-0.0101
-0.0943
-0.0202
-0.2877
-0.1863
-0.2423
-0.3033
-0.1374
-1.1123
-0.4563
0.3125
-0.2231
-0.3425
-0.1744
-0.4308
-0.0305
-0.1347
-0.0202
-0.0726
-0.0305
01044
-0.478
-0.1625
-0.8675
-0.9416
-0.3857
-0.0834
-0.5942
-0.4943
-0.4857
-0.4758

01717
0.0418
0.16
0.07
0.15
018
011
0.07
012
0.0584
01232
0.1046
01823
0.0722
0.4407
0.0467
0.0146
0.0681
0.0592
0.0688
0.0816
0.0772
0.1039
0.1965
01433
0.0871
0.0378
0.031
0.023
0.0577
0.0576
0.2522
0.0324
0.0489
0.2733

Heterogeneity. Tau®=0.10; Chi*= 1185.62, df = 34 (P < 0.00001); "= 97%

Test for overall effect Z=5.77 (P < 0.00001)

2.5%
3.2%
26%
31%
26%
2.4%
2.9%
IN1%
2.8%
3.2%
2.8%
2.9%
2.4%
31%
1.1%
3.2%
3.3%
31%
3.2%
31%
31%
31%
2.9%
2.3%
2.7%
3.0%
3.2%
3.2%
3.2%
3.2%
3.2%
2.0%
3.2%
3.2%
1.8%

100.0%

Odds Ratio

SE_Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

0.48 [0.34, 0.67)
0.89 [0.82, 0.97)
0.86[063,1.18]
0.33[0.29,0.38)
0.99 [0.74,1.33]
0.91 [0.64, 1.29]
0.98 [0.79,1.22]
0.75 [0.65, 0.86)
0.83[0.66, 1.05)
0.78[0.70,0.88]
0.74 [0.52, 0.94)
0.87 [0.71,1.07]
0.33[0.23,0.47)
0.63[0.55, 0.73]
1.37 [0.58, 3.24]
0.80([0.732,0.88]
0.71 [0.69,0.73)
0.84 [0.74, 0.96)
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0.97 [0.85,1.11]
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Figure 2. Forest plot of traffic calming effects on total crashes

Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Area-Wide
Carmeran 2008 Area-wide -0.1165 0.0418 4.0% 0.89[0.82, 0.97] -
Mackie 1990 Area-wide -0.1347 00816 3.9% 0.87 [0.74,1.03] 7
Yamanaka 1998 Area-wide -0.1393 038349 1.9% 0.87 [0.41,1.85] —
Yannis 2014 Area-wide -0.4758 02733 2.6% 0.62 [0.36, 1.06] T
Subtotal {95% CI) 12.4% 0.88 [0.82, 0.95] +
Heterogeneity: Tau®= 0.00; Chi=1.70,df=3 (P=0.64); F=0%
Testfor overall effect: Z= 3.46 (P = 0.0005)
21.2 PSL
Chenetal 2012 PSL -0.1508 0.16 3.4% 0.86 [0.63,1.18] T
FParker, 1997 -0.0202 00772 3.9% 098 [0.84,1.14] -
Parker 1997 Lower Limit by 10 mifh -0.0726 01039 3I7T% 0.923[0.76,1.14] -
Parker 1997 Lower Limit by 15 ar 20 mifh -0.0305 01965 31% 0.97 [0.66, 1.43] T
Parker 1997 Lower Limit by 5 mifh 0.1044 01433 3.9% 1.11 [0.84,1.47] T
Subtotal {95% CI) 17.7% 0.97 [0.88, 1.07] *
Heterogeneity: Tau®= 0.00; Chi*=1.63, df=4 (P=0.80), F=0%
Test for overall effect Z= 0.61 (F = 0.54)
2.1.3 Vertical deflection
Chen et al 2013 High visibility crosswalk -0.0101 015 3.5% 0.99[0.74,1.33] -
Chen etal 2013 Humps -0.0943 018 3.3% 0.91 [0.64,1.29] T
Claessen 1994 Wide rised median (NRM) -0.3033 01232 3.6% 0.74 [0.58, 0.94] I
Curtis 2008 Gateways -0.1374 01046 3I7T% 0.87 [0.71,1.07] -7
Ewing 20132 speed tahle 0.3125 0.4407 1.6% 1.37 [0.58, 3.24] I
Lyon 2015 Centerline & shoulder rumble strips -0.2231 0.025 4.0% 0.80[0.76, 0.84] -
Subtotal {95% CI) 19.8% 0.81 [0.77, 0.85] +
Heterogeneity: Tau®= 0.00; Chi*=4.91,df=5 (P=043), F=0%
Testfor overall effect: £= 9.13 (P = 0.00001}
2.1.4 Horizontal deflection
Ambros 2016 Rounabouts, S.lane, Urban. -0.7444 01717 3.3% 0.48[0.24, 0.67] I
Chen etal 2012 road diets -1.1087 0.0v 3.9% 0.33[0.29, 0.38] -
David et al 2006 Road diets -0.4563 0.0722 3.9% 0.63 [0.55, 0.73] -
Fang 20049 road diets -0.2231 0.0467 4.0% 0.80[0.73, 0.88] -
Persaud 2001 rounabouts -0.478 0.0971 3.8% 0.62[0.51,0.75] -
Persaud 2001 Rounahouts, M.lane, U, S.contralled -0.1625 0.0378 4.0% 0.85[0.79, 0.93] -
Persaud 2001 Rounabouts, S.lane, R, 5.controlled -0.8675 0.0311 4.0% 0.42[0.40, 0.45] -
Persaud 2001 Rounahouts, S.lane U, S.controlled -0.9416 0023 4.0% 0.39 [0.37, 0.41] -
Persaud 2001 Rounahouts, Urhan, Signalized -0.3857 0.0577 3.9% 0.68 [0.61, 0.76] -
Stout 2006 Road diets -0.4943 0.0324 4.0% 0.61 [0.57, 0.69] -
Subtotal {95% CI) 38.9% 0.56 [0.45, 0.69] <
Heterogeneity: Tau®=0.11; Chi®= 556.72, df=9 (P = 0.00001); F=98%
Testfor overall effect: £= 5.33 (P = 0.00001}
2.1.5 Signal
Chen etal 2013 increasing cycle length -0.0202 0.11 3I7T% 0.98[0.79,1.22] -1
Chen et al 2013 split phase timing -0.1863 012 37% 0.83 [0.66, 1.09] 7
Retting et al., 2002 Mod Traffic signal int. -0.0834 0.0576 4.0% 0.92 [0.82,1.03] -
Subtotal {95% CI) 11.3% 0.92 [0.84, 1.00] L
Heterogeneity: Tau®= 0.00; Chi®=1.06, df= 2 (P =0.59), F=0%
Testfor overall effect: Z=1.87 (P = 0.06})
Total (95% CI) 100.0% 0.75 [0.65, 0.86] &>

it == ChiE= — E= : , . .
Heterogeneity: Tau®=0.13; Chi®F= 112277, df= 27 (P = 0.00001); F=98% s oz L oh

Testfor overall effect: £= 3.99 (F = 0.0001)

Testfor subgroup differences: Chi®= 28.27, df= 4 (P = 0.00001), F= 86.3%

Favours [Traffic calming]

Favours [control]

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 (12= 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 (12=
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
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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 (12= 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 humber 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.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ambros 2016 Rounabouts, S.lane, Urban. -0.755 0.1495 36% 0.47[0.35,0.63] e
Cameron 2006 Area-wide -0.1165 00418 38% 0.89 [0.82,0.97] -
Chen et al 2012 Humps -0.1625 0.2 35% 0.85 [0.57, 1.26] -
Chen et al 2013 High visibility crosswalk 0.0583 013 37% 1.06 [0.82,1.37] T
Chen et al 2013 increasing cycle length -0.1165 011 3T% 0.891[0.72,1.10] I
Chen etal 2013 PSL -01278 021 34% 0.88 [0.58, 1.33] -
Chen et al 2013 road diets -0.5708 007 38% 0.57 [0.49, 0.65] -
Chen et al 2013 signal installation -0.2231 007 38% 0.80[0.70,0.92) he
Chen et al 2013 speed hump -0.1625 0.2 35% 0.85[0.57,1.26] -
Chen et al 2013 split phase timing -0.1985 019 345% 0.82([0.57,1.19) -1
Curtis 2008 Gateways -0.0894 0108 37% 0.91[0.74,1.13] -r
David et al 2006 Road diets 01222 011861 37% 1.13[0.90,1.42) ™
De Pauw et al, 2014 lower S.L -0.0491 0.0402 3.8% 0.95 [0.88, 1.03] 1
Engel 1992 Area-wide -1.0013 04571 2.5% 0.37 [0.15, 0.90]
Ewing 2013 speed table 00862 0438 26% 1.09 [0.46, 2.57] e
Hoareau 2004 S0kmhr limits -0.3011 00334  3.8% 0.74 [0.69, 0.79] -
Lyon 2015 Centerline & shoulder rumble strips --KY -0.2035 01239 37% 0.82 [0.64,1.04] -
Lyon 2015 Centerline & shoulder rumble strips --MO -0.5798 00915 37% 056 [0.47, 0.67) -
Lyon 2015 Centerline & shoulder rumble strips --PA 0.0198 00914 37% 1.02[0.85,1.22) T
Mackie 1990 Area-wide -0.1347 00816 3.8% 0.87 [0.74,1.03] -~
Parker, 1997 -0.0408 01264 37% 0.96 [0.75,1.23] -
Persaud 2001 rounabouts -1.4271 0332 3.0% 0.24 [0.13, 0.46) —_—
Persaud 2001 Rounabouts, S.lane, R, S.controlled -1.7148 004 38% 018[017,019) -
FPersaud 2001 Rounabouts, S.lane U, S.controlled -1.4697 0.04 3.8% 0.23[0.21,0.25) e
Persaud 2001 Rounabouts, Urban, Signalized -1.1394 0098 37% 0.32[0.26, 0.39) -
Retting et al., 2002 Mod. Traffic signal int. -01278 00703 3.8% 0.88[0.77,1.01) -
Stout 2006 Road diets -0.4081 00448 38% 0.66 [0.61,0.73] -
‘Yannis 2014 Area-wide -0.4155 02417 3.3% 0.66 [0.41, 1.06] 7
Total (95% CI) 100.0% 0.67 [0.53, 0.85] *
Heterogeneity Tau® = 0.39; Chi*= 2004.43, df= 27 (P < 0.00001); = 99% 5001 0=1 150 r DD:
Testfor overall effect Z=3.24 (P = 0.001) Favours [Traffic calming] Favours [control]

Figure 4. Forest plot of traffic calming effects on injury crashes
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Odds Ratio 0dds Ratio
Study or Subgroup log[Odds Ratio) SE Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Area-wide
Cameran 2006 Area-wide -01165 00418 51% 0.89[0.82, 047 -
Engel 1992 Area-wide -1.0013 04571 3.4% 0.37[0.15, 0.90] E—
Mackie 1990 Area-wide -01347 00816 50% 0.87[0.74,1.03) -
Yannis 2014 Area-wide -0.4155 02417 4.5% 0.66 [0.41, 1.086] E—
Subtotal (95% CI) 18.0% 0.85[0.73, 0.97] L
Heterogeneity Tau®= 0.01; Chi*=5.13, df= 3 {P=016); F= 42%
Test for overall effect Z=2.33 (P =0.02)
2.2.2PSL
Chen etal 2013 PSL -01278 o2 4.6% 0.88[0.58, 1.33] .
De Pauw etal, 2014 lower S.L -0.0491 0.0402 5.1% 0.95(0.88,1.03] 1
Subtotal (95% CI) 9.7% 0.95 [0.88, 1.03] L
Heterogeneity: Tau®= 0.00, Chi*=0.14, df=1 (P=071), F=0%
Test for overall effect Z=1.31 (F=0.19)
2.2.3 Vertical deflections
Chen et al 2013 speed hump -0.1625 0.2 4.7% 0.85[0.57, 1.26] -
Ewing 2013 speed table 00862 0438 35% 1.09 [0.46, 2.57] b e
Lyon 2015 Centerline & shoulder rumble strips -0.2601 0034 51% 0.77[0.72,0.82] -
Subtotal (95% CI) 13.3% 0.77[0.73,0.83] +
Heterogeneity Tau®= 0.00; Chi®= 0.84, df= 2 (P = 066);, F= 0%
Test for overall effect Z=7.64 (P < 0.00001)
2.2.4 Horizontal deflections
Ambros 2016 Rounabouts, S.lane, Urban, -0.7595 01495 4.9% 0.47[0.35, 0.63] -
Chen et al 201 3 road diets -0.5709 aor 51% 0.57 [0.49, 0.65] -
David etal 2006 Road diets 01222 01161 5.0% 1.13[0.90,1.42] ™
Persaud 2001 rounabouts -1.4271 0332 4.1% 0.24 013, 0.46] —
Persaud 2001 Rounabouts, S.lane, R, S.controlled -1.7148 00401 51% 018017, 019 -
Persaud 2001 Rounabouts, S.lane U, S controlled -1.4697 00393 51% 0.23[0.21,0.25) -
Persaud 2001 Rounabouts, Urban, Signalized -1.1394 0098 5.0% 0.32[0.26, 0.39] -
Stout 2006 Road diets -0.4081 0.0448 51% 0.66[0.61,0.73] -
Subtotal (95% CI) 39.2%  0.40[0.25, 0.64] S
Heterogeneity: Tau®= 0.43, Chif= 732.04, df= 7 (P < 0.00001), F=99%
Test for overall effect Z= 3.85 (F = 0.0001)
2.2.5 Signal
Chen et al 201 3 increasing cycle lengih -0.1165 011 5.0% 0.89[0.72,1.10] -
Chen et al 2013 signal installation -0.2231 aor 51% 0.80100.70,0.92) -
Chen et al 2013 split phase timing -0.1985 019 4.7% 0.82[0.57,1.19] -
Refting et al., 2002 Mod Traffic signal int. -01278 00703 51% 0.88[0.77,1.01] =
Subtotal (95% CI) 19.8% 0.85[0.78, 0.92] []
Heterogeneity: Tau®= 0.00, Chif=1.19, df= 3 (P=0.76), F=0%
Test for overall effect Z= 3.81 (F=0.0001)
Total (95% Cl) 100.0% 0,62 [0.46, 0.82] <>
Heterogeneity Tau®= 042, Chi*= 190719, df=20(P < 0.00001); F= 98% :D 0 El.=1 1J'|] 1EID:
Test for overall effect: Z= 3.27 (P = 0.001) Favours [Traffic calming]l Favours [control]
Test for subgroup differences: Chi#= 25.22, df=4 (P < 0.0001), F=841%

Figure 5. Subgroup analysis of injury crash reduction

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Yannis 2014 Area-wide -0.3285 05768 0.7% 0.72[0.23 2.23] -1
Wehster 2003 Area-wide -0.3971 00844 12.3% 0.67 [0.587, 0.79] -
Retting et al,, 2002 Mod.Traffic signal int. -0.47 0.24499 3.2% 0.63 [0.38,1.02] —
Mackie 1990 Area-wide -0.04581 01451 T.2% 0.95[0.72,1.27] -
Kang 2019 Turming lane alteration 0.0334 0199 4 6% 1.03[0.70,1.53] -1
kang 20149 Traffic signal alteration 0.0714 02184 4.0% 1.07 [0.70,1.65] I
kang 2019 Pedstrian refugee -0.2357 0.2341 3.6% 0.79 [0.50,1.25] e
Kang 2019 Pedstrian plaza -0.6981  0.343 1.9% 0.50 [0.25, 0.87]
kano 2019 Parking rearranogement 0.0862 0.2386 3.8% 1.09 [0.68,1.74] -1
Kang 2019 Median alteration 0.0953 0.2398 3.5% 1.10 [0.69, 1.76] I
Kang 20149 Lane remowal ar narrowing -0.21487 02194 4.0% 0.81[0.52,1.24] I
Kang 2019 high visibility crosswalk -0.0263 0.2645 2.9% 0.97 [0.58, 1.64] I
Kang 2019 Curb extension -0.0513 02193 4.0% 0.95 [0.62, 1.46] -
Kang 20149 Buffer for pedstrians -0.2508 0.2863 2.6% 0.78 [0.44,1.36] .
Kang 20149 Bicycle lane -0.1007 0.2445 4% 0.90 [0.56, 1.46] 1
Ewing 2013 speed table 0.2882 04389 1.2% 1.33[0.86, 3.19] I Ea—
Claessen 1994 Wide rised median (NRM) -0.844  0.986 0.2% 0.43 [0.06, 2.97] —
Claessen 1994 Wide rised median (NP} -0.2614 03826 1.5% 0.77 [0.36,1.63] 1
Chen etal 2013 split phase timing -0.3011 0.24 3.5% 0.74 [0.46,1.18] T
Chen etal 2013 speed hump 0.077 0.21 4.3% 1.08[0.72,1.63] -
Chen etal 2013 signal installation 0.01 0.2 4 6% 1.01 [0.68, 1.49] i
Chen etal 2013 road diets -0.5276 0.27 2.8% 0.59 [0.35, 1.00] —
Chen etal 2013 PSL -0.4308 0.22 4.0% 0.65[0.42,1.00] I
Chen etal 2013 High visibility crosswalk -0.65349 017 5.8% 0.52[0.37,0.73] -
Cameron 2006 Area-wide -0.1462 01002 10.7% 0.86 [0.71,1.095] =
Total (95% CI) 100.0% 0.82 [0.75, 0.90] L}
Heterogeneity: Tau®= 0.01; Chi®= 31.38, df= 24 (P = 0.14); P= 24% IU o 051 150 1UD=
Testfor overall effect: 2= 4.00 (P <0.0001) Favours [experimental] Favours [control]

Figure 6. Forest plot for pedestrian crash reduction
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Odds Ratio Odds Ratio

Study or Subgroup log[Odds Ratio] SE_ Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 Horizontal deflections & narrowing
Kang 2019 Bicycle lane -0.1007 0.2445 3.8% 0.90 [0.56, 1.46] T
Kang 20149 Buffer far pedstrians -0.2608 02863 2.8% 0.78[0.44,1.36] I
kang 2019 Curb extension -0.0513 0.2193 18% 0.95[0.62, 1.456] M
kang 20149 high visibility crosswalk -0.0263 0.2645 31.3% 097 [0.58, 1.64] T
Fang 20149 Lane remoaval or narrowing -0.21487 02194 4.8% 0.81[0.52,1.24] I
Kang 2019 Median alteration 0.08953 0.2398 4.0% 1.10 [0.69, 1.76] I
Kang 2019 Parking rearrangement 0.0862 0.2386 4.0% 1.09 [0.68,1.74] -1
Kang 2019 Pedstrian plaza -0.6981  0.343 2.0% 0.50 [0.25, 0.97] ]
Kang 20149 Pedstrian refugee -0.23587 02341 4.2% 0.79[0.50,1.25] I
Kang 2019 Turning lane alteration 0.0334 0199 5.8% 1.03[0.70,1.53] -1
Subtotal (95% CI) 39.4% 0.91 [0.78, 1.05] L]
Heterogeneity: Tau®= 0.00; ChiF=45.78, df= 9{P =076}, F=0%
Test for averall effect 2=1.29 {F = 0.20)
2.3.2 Vertical deflections
Chen et al 2013 speed hump 0.077 0.21 5.2% 1.08[0.72,1.63] -
Claessen 1994 Wide rised median (NPW) -0.2614 0.3826 1.6% 0.77 [0.36, 1.63] .
Ewing 2013 speed table 0.2882 0.4389 1.2% 1.33[0.56, 3.15] I —
Subtotal (95% CI) 8.0% 1.04 [0.75, 1.45] ‘
Heterogeneity: Tau®= 0.00; Chi®*= 097, df= 2{P= 062, F=0%
Test for averall effect £=0.25 {F = 0.80)
234 PSL
Chen etal 2013 PSL -0.4308 0.22 4.7% 065 [0.42 1.00] -]
Subtotal (95% CI) A4T% 0.65 [0.42, 1.00] o
Heterogeneity: Mot applicable
Test for averall effect Z£=1.96 {F = 0.05)
2.3.5 Area wide
Cameron 2006 Area-wide -0.1462 01002 22.9% 0.86 [0.71,1.08] Bl
Mackie 1990 Area-wide -0.0491 01451 10.9% 0.95[0.72,1.27] -
Yannis 2014 Area-wide -0.3285 0.5768 0.7% 0.72[0.23, 2.23] e —
Subtotal (95% CI) 34.5% 0.89 [0.76, 1.04] L]
Heterogeneity, Tau®= 0.00; Chi®=0.44 df=2{F=080), F=0%
Testfor averall effect Z=1 46 (F=0.14)
2.3.6 Signal
Chen et al 2013 signal installation 0.01 0.2 8.7% 1.01 [0.68, 1.449] -1
Chen et al 2013 split phase timing -0.3011 0.24 4.0% 0.74 [0.46,1.18] T
Retting et al., 2002 Mod. Traffic signal int. -0.47 0.2499 37% 063 [0.38,1.02] ]
Subtotal (95% CI) 13.4% 0.80 [0.60, 1.06] &>
Heterogeneity: Tau®=0.01; Chi®=2.44 df=2(F=030), F=18%
Testfor averall effect Z=153 {F=013)
Total {95% CI) 100.0% 0.88 [0.80, 0.97] +
Heterogeneity: Tau®= 0.00; Chif=13.12, df=19(P=0.83); F= 0% ID 0 051 150 1DD=
Testfor overall efrec.t =182 (Pz_ 0.004) Favours [experimental] Favours [control]
Test for subgroup differences: Chi= 347, df=4 (P=0.48), F=0%

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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