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Abstract: This paper aims at delivering new empirical evidence as to the effectiveness of 20 mph
speed limits in rural areas. For this purpose, speed and traffic data were drawn from the area of the
Scottish Borders, UK, where the local Council led the rollout of a 20 mph speed limit trial in 97 villages
and towns from October 2020. This intervention is considered as one of the first of its kind in the
UK and overseas, as it was carried out on a large scale, in predominantly rural areas. To evaluate
the impact of the 20 mph speed limit on vehicle speeds, we conducted a “before–after” quantitative
analysis using traffic and speed data collected in different waves before and after the intervention.
The descriptive analysis showed that both mean and 85th percentile speeds reduced directly after the
introduction of the 20 mph speed limit (by 3.1 mph and 3.2 mph, respectively), and that such speed
reductions were largely maintained even up to eight months after the onset of the intervention. The
largest speed reductions were observed in locations with high-speed patterns before the intervention,
and especially in those having mean speeds greater than 25 mph before the intervention. Both non-
parametric and parametric statistical tests, which were conducted using approximately five million
speed observations, showed that the observed speed changes were statistically significant for the vast
majority of cases. Linear regression models were also estimated confirming the significant impact of
the 20 mph limit on vehicle speeds, while controlling for the influence of traffic volume. Overall, the
findings of this study will likely assist in filling an evidence gap regarding the effectiveness of 20 mph
speed limits in rural settlements. They can also provide encouragement to those local authorities in
the UK and abroad that are currently actively examining the possibility of setting the 20 mph as the
default limit in built-up areas.

Keywords: 20 mph speed limit; traffic calming; Scottish Borders; rural areas; speeds; effectiveness;
evaluation

1. Introduction
1.1. Background, Aim and Contributions of the Study

Vehicle speeds have been widely acknowledged as one of the key factors that de-
termine road safety globally. In fact, speed is a fundamental aspect of the Safe Systems
Approach (SSA), which constitutes the guiding policy paradigm for road safety in many
countries across the globe. The goal of the SSA is to deliver road traffic systems free from
human losses, and apart from the speed, road users, infrastructure, vehicles and post-crash
care also constitute major aspects of this holistic approach to road safety [1].

High speeds have been linked with higher frequencies of road collisions and with
more severe casualties or fatalities [2–5]. Interestingly, based on the statistics published by
the UK Department for Transport [6], five percent (5%) of total collisions and fifteen percent
(15%) of total fatal collisions constitute the consequence of the violation of the speed limit
by the drivers. To address the consequences of unsafe speeds on road safety, various traffic
calming measures have been designed and implemented by local authorities or transport
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agencies. Over recent decades, the introduction of the 20 mph speed limit (approximately
30 kmph) has proven an effective measure for reducing the frequencies of collisions and
KSI (killed or seriously injured) casualties [7] and assuaging the public health concerns
arising from the presence of excessive speeds, especially in urban populations [8]. 20 mph
speed limits have been primarily implemented in urban areas in the UK and overseas,
whereas evidence on the implementation of 20 mph speed limits in rural areas is limited to
date.

The 20 mph speed limit is a popular speed management intervention, the overarching
aim of which is not only restricted to speed reduction but also focuses on the enhancement
of road safety, the reduction in the frequency and severity of collisions, and the overall
improvement of public safety perception [9]. Several studies have been carried out in
the past to evaluate several aspects of 20 mph interventions in urban areas including the
economic cost and benefits of 20 mph [8]; the effect of 20 mph interventions on public
health and health inequalities [9,10]; the cost-effectiveness of 20 mph zones [11]; and public
support and compliance [12].

Even though the evidence about the strengths and weaknesses of 20 mph interventions
in urban areas is significant, similar research work about interventions in rural areas is
largely missing in the literature, thus leading to a quite limited state of knowledge. The
present study seeks to fill the evidence gap on the effectiveness of the 20 mph speed limit
in primarily rural areas by investigating the impact of a 20 mph intervention on vehicle
speeds. Specifically, the objective of this study is to provide empirical evidence about the
effectiveness of the 20 mph trial in the area of the Scottish Borders in Scotland, UK. The
successful implementation of the 20 mph speed limit is expected to offer safety and health
benefits, such as reductions in the frequency and severity of collisions and enhancement of
the overall well-being of the local residents.

1.2. Previous Research on the Effectiveness of Lower Speed Limits

This section provides a concise overview of the multi-level impact of lower speed
limits on the areas where they are implemented. This multi-level impact goes beyond traffic
speeds, which constitutes the natural area of impact of a new speed limit, and may include
the health outcomes and subjective well-being of residents in the settlements where the
lower speed limits have been implemented. Even though this study focuses on the impact
of the 20 mph limit on vehicle speeds in rural areas, it is important to acknowledge all these
dimensions that have led to the characterisation of the 20 mph intervention as a “public
health intervention” [13].

1.2.1. Lower Speed Limits and Vehicle Speeds

A number of studies have showcased the potential of lower speed limits to evidently
reduce vehicle speeds, especially in urban and suburban areas. Specifically, Hu and
Cicchino [14] evaluated the impact of a speed limit reduction from 30 mph to 25 mph in
Boston, USA. The study was based on vehicle speed data collected at selected sites where
speed limits were reduced, and some control sites in a different area where the speed
limits were not adjusted before and after the intervention. Both log-linear regression and
logistic models were leveraged for the estimation of vehicle speed changes and the odds of
vehicles exceeding some speed thresholds. The analysis demonstrated that the observed
mean speed reductions, due to the speed limit change, were statistically significant. The
study argued that the present practice of predicating the speed limits on the 85th percentile
free-flow speeds without considering any other roadway attributes has always been a
challenge for a range of local communities that expect a downshift in the speed limits.



Safety 2023, 9, 66 3 of 23

In an effort to robustly quantify the impact of lower limits on prevailing speeding
patterns, Heydari et al. [15] presented a methodology for the identification of the effects of
a 40 km/h (25 mph) speed limit on speeding behaviour in local streets in Montreal, which
previously had a 50 km/h speed limit. A full Bayes before–after method was used for the
analysis of the speed data. The study showed that the transition from 50 km/h to 40 km/h
was effective in terms of overall speed, but its effectiveness in terms of excessive speeding
was insignificant, which poses a potential alert for future speed limit interventions aiming
not only to reduce the overall speed metrics but also to tackle exceeding speed patterns
that are directly associated with severe collisions [16,17].

1.2.2. 20 mph Speed Limit, Public Health and Well-Being

Apart from vehicle speeds, the lower speed limits have been found to affect several
health aspects where they are applied, including road casualties, severe collisions, physical
activity and well-being. Interestingly, Cleland et al. [9] investigated the effect of 20 mph
speed zones and limits on health outcomes to determine the likely difference in the effec-
tiveness of 20 mph zones and 20 mph speed limit interventions. The study was based on
the identification of the literature of about three and a half decades (1983–2019), which was
subsequently reviewed and analysed. The study showed that 20 mph zones are linked
to a reduced frequency of collisions and casualties’ severity, whereas weak evidence was
identified as to the effectiveness of 20 mph zones in reducing air pollution. Indirect effects
of 20 mph zones on promoting physical activity and liveability were acknowledged, with
this aspect requiring further investigation to establish the extent of such effects. In contrast,
no significant links were identified between the 20 mph speed limits and any public health
outcome. The study also highlighted the need for more rigorous evaluations to draw sound
inferences in the future about the impact of 20 mph limits on public health outcomes. In a
similar context, Cairns et al. [10] carried out an umbrella review to identify the impacts of
20 mph zones and limits on health and socio-economic status (SES) inequalities in health,
with the emphasis on adults and children. The study included five systematic reviews
delivering robust evidence that the 20 mph speed zones comprise effective measures in
reducing collision frequency, injury severities, and traffic speed and volume, and in improv-
ing the level of perceived safety. However, no robust association was identified between
the 20 mph schemes and the prevalence of SES inequalities.

Jones and Brunt [18] investigated whether 20 mph speed limits have positive effects
on public health by reducing injury severities and collision frequency and improving the
quality of air and the overall urban well-being through the promotion of active travel. The
study estimated, through extensive modelling, the impact of a possible shift to a 20 mph
limit of all 30 mph roads in Wales on the reduction in casualties, the financial savings
relating to the collision prevention and shifts in death numbers attributed to major air
pollutants. Finally, the interrelationship among road traffic injuries, air pollution and
obesity was highlighted, but questioning, at the same time, the potential of the 20 mph
limit to tackle the public health issues arising from this interrelationship.

1.2.3. Implementation of the 20 mph Speed Limit in Urban Areas

The United Kingdom is one of the countries across the globe that has been actively
pursuing the establishment of 20 mph speed limits over the last 20 years, especially in
urban settings. In 2012, the City of Bristol in England began a city-wide rollout of 20 mph
speed limits, which was implemented in several steps. To evaluate the intervention in terms
of safety impacts, Bornioli et al. compared injury counts before and after the introduction
of the 20 mph speed limit while controlling for different years and areas. The analysis
highlighted a general reduction in injuries, providing evidence of a city-level reduction
in fatalities of 63% [19]. The city-level reduction in fatal injuries identified in that study
should be set against national trends, which show that the number of deaths on built-up
roads has increased from the 2010–2014 annual average of 585 to a 2017 figure of 607 deaths.
This suggests that city-wide 20 mph speed limits could be an effective strategy for reducing
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injuries, as they encourage slower speeds to be driven. Recently, in the city of Edinburgh in
Scotland, the implementation of an (almost) city-wide 20 mph speed limit, which covered
sixty-six streets that were previously 30 mph streets, was evaluated by Nightingale and
Jepson [20]. Based on this evaluation, the 20 mph streets recorded a statistically significant
decrease in average vehicle speeds. A conclusion was that in the post-implementation
period, a reduction in the number of drivers travelling above 20 mph, as measured by the
number of drivers exceeding 24 mph and 30 mph [20], was identified, and that this was
evidence of the effectiveness of the 20 mph speed limit intervention in the city of Edinburgh.
The final paper from this study concluded by reporting that 20 mph speed limits can serve
as an effective public health intervention [13].

1.2.4. 20 mph Speed Limit in Rural Areas and Evidence Gap

Overall, the literature review showed that the impact of lower speed limits, and
particularly of the 20 mph speed limit, is mainly documented for urban and suburban
areas. However, in rural areas, which are typically associated with higher crash fatality
rates compared to urban areas [21], the effectiveness of 20 mph speed limits has not
been thoroughly explored to date. According to recent statistics from the Department
for Transport, significantly higher vehicle speeds are observed on rural roads of the UK
compared to urban roads [22], which substantiates the reason why speed management
constitutes a high priority of local communities and authorities in rural areas. As such,
this study aims to provide evidence as to whether setting the speed limit to 20 mph is an
effective strategy to lower vehicle speeds in predominantly rural areas.

2. Materials and Methods
2.1. Overview of the Intervention and Evaluation Process

The council area of Scottish Borders, where the 20 mph intervention was implemented,
is located in the eastern part of the Southern Uplands of Scotland and constitutes a largely
rural area with the majority of settlements having populations significantly less than 5000.
Overall, the Scottish Borders are spread over a large geographical area of 1827 square miles
(4732 km2), thus comprising the 6th largest council area in Scotland in terms of area size.
Due to the extent of the land mass of the Scottish Borders, the population density is quite
low (around 63 persons per square mile), which highlights the rural nature of the area.

The 20 mph speed limit intervention was implemented in 97 settlements in the Scottish
Borders, which all previously had a 30 mph speed limit. Due to the number of settlements
where the speed limit changed, this trial constitutes one of the most unique, large-scale
20 mph speed limit schemes not only in the UK but also across the globe. The 20 mph
scheme was initially implemented as a signing-only intervention, and it started in October
2020; by December 2020, the 20 mph speed limit had been established in all applicable
settlements. In other words, the 20 mph signing was fully in place. In later stages of
the intervention, additional signs were installed in some settlements, such as speed limit
repeater and terminal signs and lane markings. Vehicle-activated signs (VASs) were also
later installed in some of the settlements to increase the awareness of drivers about the
newly introduced speed limit. The speed limit and a warning message were displayed on
the VAS as a reminder to the driver to adhere to the 20 mph limit.

The geographical distribution of the settlements where the 20 mph intervention took
place is illustrated in the following map (Figure 1); these settlements are located across
five local areas: Tweeddale, Cheviot, Teviot and Liddesdale, Eildon and Berwickshire.
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As to the evaluation of the intervention, a quantitative approach was used to identify
the changes in various aspects of speed, as a potential outcome of the 20 mph speed limit.
Specifically, a “before–after” analysis was conducted, using speed data before and after the
introduction of the 20 mph speed limit. Traffic and speed data were drawn from 156 sites,
which were located in the 97 settlements where the intervention took place. The data used
for the evaluation of the intervention were collected through four separate survey waves,
which comprised a pre-intervention survey (Survey 1) and three post-intervention surveys
(Surveys 2, 3 and 4), as follows:

• Survey 1: carried out before the introduction of the 20 mph speed limit, i.e., between
August and September 2020 (also referred to as “before”).

• Survey 2: carried out immediately after (4 or 5 weeks for most of the sites) the
establishment of the 20 mph speed limit (also referred to as “After I”).

• Survey 3: carried out several months (5 to 6 months for most of the sites) after the
establishment of the 20 mph speed limit (also referred to as “After II”).

• Survey 4: carried out several months (7 to 8 months for most of the sites) after the
establishment of the 20 mph speed limit (also referred to as “After III”).

The goal of Survey 1 (pre-intervention survey wave) was to capture the pre-intervention
state of speeds (when the posted speed limit was 30 mph), thus serving as a baseline mea-
surement for comparison with the post-intervention survey waves. Survey 2 was intended
to capture the post-intervention state of speeds in the short term, right after the beginning
of the trial when all the 20 mph signs had been mounted, whereas Survey 3 and Survey 4
were intended to capture the post-intervention speeds at longer periods after the onset of
the intervention. Overall, the survey waves were conducted with 3-to-4-month intervals.

The selection of sites included in the intervention and evaluation process was made by
the Scottish Borders’ Council considering several criteria, such as traffic volumes, prevailing
speeds with the previous limit (30 mph speed limit) and built environment characteristics
of the settlements (e.g., balanced consideration of sites with urban and rural characteristics,
with an emphasis on rural sites that constitute the majority of settlements in the area), as
well as local feedback from communities as to excessive speed patterns. In Surveys 1 and
2, traffic and speed data were collected for almost all sites where the 20 mph limit was in
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place. Survey 3 was an intermediate survey wave, which was mostly conducted for trial
monitoring purposes and did not take place across all settlements of the intervention. As
such, data from Survey 3 were available only for a subset of sites among those included in
Surveys 1 and 2. Survey 4 contained information from the vast majority of sites included
in Surveys 1 and 2. As such, the analysis of this paper mainly provides comparisons for
sites where repeated measurements (“before–after”) of speeds were available across Survey
waves 1, 2 and 4.

2.2. Data Collection and Processing

Traffic surveys were carried out by the technology company TRACSIS. During these,
speed and traffic data were collected using Automatic Traffic Counters (ATC), which
were deployed at preselected locations. Individual speed data and other related traffic
information, which included traffic volume counts and traffic composition per vehicle type,
were collected through these surveys. Information about the temporal characteristics (such
as day of the week, time of the day) of traffic and vehicle speeds was also provided. The
surveys ran throughout the entire day (24 h per day) for an undistorted seven-day period
across all selected sites. In total, more than five million individual speed observations
were collected, processed and used for the evaluation of the effectiveness of the 20 mph
intervention.

The individual vehicle speeds, collected through the traffic surveys, were stored in an
SQL database and were subsequently processed for the investigation of speed differences
before and after the 20 mph intervention. Considering the inherent complexities of the
data, mainly in terms of size, dimensionality and the extent of variables in the records,
the dataset could not be managed manually or using a conventional approach so that the
integrity of the speed and traffic observations could be preserved. Therefore, the dataset
was processed and managed using a Big Data framework based on MySQL Workbench
8.0 CE and Python 3.9; specifically, these tools were leveraged for the integration of all
the disparate information into a unified database, which was afterwards made ready for
suitable descriptive and statistical analyses. In all, such an integration of data enabled the
joint use of individual vehicle speed observations and aggregate speed metrics (such as
mean speed, 85th percentile speed) for the evaluation of the 20 mph intervention across all
sites.

2.3. Speed Metrics

To understand the variations in different dimensions of speed because of the imple-
mentation of the 20 mph speed limit, the following speed metrics were examined: the mean
(or average) speed, 85th percentile speed, standard deviation of speed and proportions
of vehicles exceeding the speed limit as well as other speeding thresholds. These speed
metrics were drawn from traffic surveys and were rigorously analysed based on the stan-
dard practice and analytical and statistical methods that have been employed in previous
research relating to the evaluation of speed and traffic calming interventions [23–27].

Specifically, the mean speed metric has been extensively used in the UK for the
evaluation of 20 mph intervention schemes [26,28]. The 85th percentile speed reflects the
speed at or below which 85 percent of vehicles travel provided that prevailing traffic or
weather conditions do not affect the travel speed. It represents the speed value that is
considered rational for the given road environment by the majority of drivers. The standard
deviation of speed indicates the extent to which the observed vehicle speed is different
from the mean speed, thus providing a tangible measure of speed variability. Standard
deviations with higher values show a higher spread of individual vehicle speeds around
the mean value, thus a less consistent speed behaviour, while standard deviations with
lower values indicate a lower spread of the individual speeds around the mean speed,
therefore reflecting a greater consistency of speed patterns.

To elicit evidence about the overall compliance of drivers with the speed limit and
their speed behaviour, we calculated several proportions of vehicles benchmarked against
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predefined speed thresholds. Specifically, we started with the percentage of vehicles
exceeding the posted speed limit (PSL), which indicates the proportion of vehicles that
are typically regarded as speeding vehicles [16,17]. To identify the extent of more severe
speeding behaviours, the following two thresholds were also used for the calculation of the
proportions of vehicles with exceeding speeds:

(i) An enforcement-based threshold that was set in the past by the former Association of
Chief Police Officers (ACPO) in the UK (currently the National Police Chiefs’ Council—
NPCC) as a typical tolerance for speed enforcement. This threshold is defined as the
speed limit increased by 10% plus 2 mph (i.e., 1.1 × speed limit + 2 mph). For instance,
on 20 mph speed limit roads, this speed threshold stands at 24 mph. Such a speed
metric can provide useful insights into the extent of drivers’ compliance and observed
speeding patterns after the onset of a 20 mph speed limit intervention. This speed
value is hereafter referred to as the “ACPO threshold”.

(ii) An excessive speeding threshold, which was suggested by the Department for Trans-
port (DfT) in the UK; this is equal to the speed limit plus 15 mph. For instance, on a
road with a 20 mph speed limit, the DfT threshold is equal to 35 mph. This threshold
serves as a key metric in official reports and intends to capture the extent of extreme
violations of the speed limit. This speed value is hereafter referred to as the “DfT
threshold”.

2.4. Statistical Analysis

Descriptive statistics, inferential analyses and linear regression modelling of speed data
were carried out to comprehensively evaluate the effectiveness of the 20 mph intervention.
The descriptive statistics that were computed include: percentages, frequencies, mean
values, percentiles, standard deviations, minimum/maximum values and cross-tabulations
across different survey waves.

Further inferential statistics were conducted to identify statistically significant dif-
ferences in speed metrics before and after the introduction of the 20 mph intervention
across all sites. Specifically, parametric tests (Student’s t-tests) and non-parametric tests
(Wilcoxon signed-rank tests) were carried out. The use of such tests is in tandem with
previous research and practice in the evaluation of speed data [23,24,29] and enables a
possible triangulation of statistical evidence about the impact of the 20 mph limit on vehicle
speeds. To conduct the t-tests, we used the individual vehicle speed data collected through
the traffic surveys. The goal of statistical tests is to compare speed measurements from the
same sites before and after the 20 mph intervention; hence, paired t-tests were performed.
The sample size of the individual speed data for each site is very large (as shown in Table A1
in the Appendix A), so the sampling distribution can be considered as normal, according to
the central limit theorem [30]. Similarly, the Wilcoxon signed-rank test is a non-parametric
test, which was used to ascertain whether there are statistically significant differences in
the distribution of sites per speed range across different survey waves.

To identify the potential impact of traffic volume fluctuations on vehicle speeds across
the survey waves, controlling at the same time for the impact of the 20 mph limit and
other—potentially influential—factors (e.g., COVID-19 restrictions, area type), a linear
regression analysis was also conducted. To that end, an ordinary least squares approach
was employed, in line with previous research and practice [31]. The linear regression model
is formulated as follows:

Y = α +βX + ε (1)

where Y denotes the dependent variable of interest, which varies as a function of an
intercept term α and a vector of explanatory variables X. The direction and magnitude of
the impact of X on Y is determined through the coefficient vector β, whereas ε represents
an error term.
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3. Results and Discussion

The results of the analysis of the traffic speed and volume data for the different waves
of surveys are presented in this section.

3.1. Before–after Analysis of Mean and 85th Percentile Speeds

Tables 1 and 2 provide insights into the changes in key speed metrics, which were
observed across various survey waves before and after the 20 mph intervention. Specifically,
the Tables provide descriptive statistics (i.e., minimum, maximum, average, and standard
deviation) of the mean and 85th percentile speed for sites where the speed limit switched
from 30 mph to 20 mph. In total, speed data for 109 sites were commonly available across
Survey 1, Survey 2 and Survey 4.

Table 1. Overall descriptive statistics of mean and 85th percentile speeds before and after the 20 mph
intervention.

Survey Wave n
Minimum Maximum Average Std. Deviation

Mean 85th
Percentile Mean 85th

Percentile Mean 85th
Percentile Mean 85th

Percentile

Survey 1
(“before”) 109 14.50 18.10 34.80 42.40 25.33 30.21 4.564 4.896

Survey 2
(“after I”) 109 14.20 17.30 27.60 34.10 22.22 27.03 3.018 3.753

Survey 4
(“after III”) 109 13.50 16.20 30.20 35.60 22.64 27.59 3.274 3.932

Table 2. Descriptive statistics of mean speed and 85th percentile speed by speed band.

Speed
Band (mph)

Survey
Wave

n
Minimum Maximum Average Std. Deviation

Mean 85th
Percentile Mean 85th

Percentile Mean 85th
Percentile Mean 85th

Percentile

0–20

Survey 1
(“before”) 20 14.50 18.10 20.00 26.10 18.06 22.22 1.671 2.193

Survey 2
(“after I”) 20 14.20 17.30 20.50 25.30 17.41 21.36 1.781 2.252

Survey 4
(“after III”) 20 13.50 16.20 26.00 33.20 18.01 22.13 2.835 3.626

>20–25

Survey 1
(“before”) 24 20.60 25.90 25.00 30.80 22.58 27.98 1.266 1.380

Survey 2
(“after I”) 24 18.40 22.90 24.10 28.80 21.01 25.78 1.231 1.429

Survey 4
(“after III”) 24 18.40 23.30 24.00 30.00 21.12 26.04 1.706 1.832

>25–30

Survey 1
(“before”) 52 25.20 29.40 30.00 36.40 27.94 32.74 1.412 1.654

Survey 2
(“after I”) 52 21.10 24.10 26.90 34.10 23.71 28.60 1.293 2.131

Survey 4
(“after III”) 52 21.60 25.90 27.70 33.50 24.17 29.18 1.486 1.961

>30–35

Survey 1
(“before”) 13 30.10 33.80 34.80 42.40 31.17 36.52 1.363 2.348

Survey 2
(“after I”) 13 24.30 29.10 27.60 34.10 25.87 31.83 1.131 1.772

Survey 4
(“after III”) 13 24.90 30.00 30.20 35.60 26.45 32.47 1.581 2.042
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The speed differences presented in these Tables overall suggest that speed reduced
post-intervention in almost all sites. As shown in Table 1, the mean speed of vehicles across
all survey sites was greater than 25 mph before the 20 mph intervention (Survey 1). In
Survey 2, which was conducted just a few weeks after the introduction of the 20 mph limit,
the mean speed reduced by 3.1 mph, with its value being slightly over 22 mph. During
the same period, the standard deviation of the mean speed decreased by 1.55 mph, thus
suggesting potentially more homogeneous speed patterns in locations where the 20 mph
speed limit was implemented. Similarly, during the same period, we noticed an overall
decrease in the 85th percentile speed by approximately 3.2 mph on average. More evidence
about more homogeneous speed patterns after the introduction of the 20 mph limit was
provided by the standard deviation of the 85th percentile speed in Survey 2, which was
found to have reduced by 1.14 mph. In a period seven to eight months after the beginning
of the trial (i.e., when Survey 4 was carried out), the reductions in mean and 85th percentile
speeds were found to be largely maintained. In fact, during that period, the mean speed
remained close to 22 mph and lower by 2.7 mph (approx.) compared to the mean speed
before the intervention. Similarly, the 85th percentile speed in Survey 4 was found to be
lower by 2.6 mph (approx.) compared to its counterpart before the intervention (Survey
1). The standard deviations of the mean and 85th percentile speeds were also found to be
lower than their respective pre-intervention values.

To better understand how the speed metrics varied after the introduction of the
20 mph limit using the pre-intervention mean speeds as a reference basis, we distinguish
and discuss two groups of sites, for which we further evaluated their “before–after” speed
differences; the main criterion for this distinction was whether the mean speed of each
studied location was greater or smaller than 20 mph before the intervention.

3.1.1. Group 1: Sites with Mean Speed Less Than or Equal to 20 mph “Before”

As shown in Table 2, 20 sites (out of the 109 sites with available data across the
three survey waves) had mean speeds lower or equal to 20 mph. The results indicate minor
speed differences before and after the 20 mph trial. The mean and 85th percentile speeds for
these sites saw marginal reductions (less than one mph) in Survey 2 and Survey 4. These
results suggest that for areas with already low speed patterns, the reduction in the speed
limit does not induce significant changes in vehicle speeds.

3.1.2. Group 2: Sites with Mean Speed Greater Than 20 mph “Before”

Locations with mean speeds greater than 20 mph before the trial were further classified
in subgroups considering three speed ranges (they are hereafter referred to as “bands”),
which were defined on the basis of 5-mph increments: (i) locations with a mean speed
greater than 20 mph but lower or equal to 25 mph “before”; (ii) locations with a mean
speed greater than 25 mph but lower or equal to 30 mph “before”; and (iii) locations with
a mean speed greater than 30 mph but lower than 35 mph “before”. It should be noted
that among the locations with available speed data before and after the intervention, the
highest observed mean speed before the 20 mph intervention was lower than 35 mph.

The results (as shown in Table 2) reveal speed reductions for all speed ranges after the
introduction of the 20 mph speed limit. Such reductions were identified for both mean and
85th percentile speeds, and for both Survey 2 and Survey 4. The most pronounced speed
reductions were observed at sites with high-speed patterns “before”, and particularly with
mean speeds belonging in the band >25–30 mph (the average speed reduction in Survey
4 compared to Survey 1 is 3.77 mph) and in the band >30–35 mph (the average speed
reduction in Survey 4 compared to Survey 1 is 4.72 mph). A similar trend is also identified
while examining the differences in the 85th percentile speed between Survey 1, Survey 2
and Survey 4, as shown in Table 2; the most notable reductions were observed at sites that
had mean speeds “before” in the bands >25–30 mph and >30–35 mph.

Milder reductions were observed for sites with “before” mean speeds falling into
the band of >20–25 mph across all survey waves. Interestingly, in Survey 4, mean speeds
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reduced by 1.46 mph on average compared to Survey 1, whereas 85th percentile speeds
reduced by 1.94 mph on average. Marginal variations were identified when comparing
mean and 85th percentile speeds between the two post-interventions surveys (i.e., Survey 2
and Survey 4). Specifically, in Survey 4, both speed metrics slightly increased for the bands
>25–30 mph and >30–35 mph, but such increases were lower than 0.6 mph.

To provide more granular insights into the observed speed variations benchmarked
against the pre-intervention speeds, Figure 2 offers a comprehensive, graphical overview
of absolute and relative changes in mean speed between Survey 1 (“before”) and Survey 4
(“after III”). The left vertical axis shows the absolute difference in the mean speed between
Survey 1 and Survey 4 (i.e., mean speed in Survey 1—mean speed in Survey 4) for each
site, whereas the right vertical axis shows the percentage of the relative difference in the
mean speed between Survey 1 and Survey 4 (i.e., [mean speed in Survey 1—mean speed
in Survey 4]/[mean speed in Survey 1]). The mean speed “before” for each site, from the
lowest to the highest value, is shown on the horizontal axis.
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Overall, Figure 2 shows that speed reductions were observed for almost all sites that
were included in the intervention. It is also evident that the larger the mean speed was
before the 20 mph intervention, the larger the speed reduction that was observed eight
months after the introduction of the 20 mph speed limit. Notably, we identified mild
speed reductions of up to 10% in Survey 4 for most sites that had mean speeds less than
25 mph before the trial. Speed reductions were relatively larger at sites with mean speeds
greater than 25 mph before the trial; these findings corroborate the results of the descriptive
analysis presented in Table 2. For most of these sites, speed reductions exceeded 15% of
their pre-intervention speeds, whereas in some cases, speed reductions were found to be
close to 25%, always compared to mean speeds “before”. Specifically, for sites with mean
speeds “before” in the band >25–30 mph, the average proportion of speed reduction (i.e.,
the percentage of speed reduction compared to the mean speed of the same site before the
intervention) was almost 13.5%, whereas for sites belonging in the highest speed band (i.e.,
>30–35 mph), the average speed reduction was greater than 15%.

3.1.3. Evolution of Speed over Time

Using information from 55 sites with available speed data across all survey waves
(i.e., Surveys 1–4), Figures 3 and 4 illustrate the average evolution of the mean and 85th
percentile speeds over time. Based on the analysis of all survey waves, both mean and 85th
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percentile speeds indicate an encouraging trajectory over time, upon the introduction of
the 20 mph speed limit. As expected, the largest drop in both mean and 85th percentile
speeds was observed in Survey 2, which was conducted a few weeks after the onset of the
trial. In Survey 3 and Survey 4, speed reductions were largely maintained, whereas minor
speed increases were identified in both waves compared to Survey 2 (less than or close to
0.5 mph).
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While not as large as the speed reductions observed in Survey 2 compared to Survey 1,
Surveys 3 and 4 did also report large reductions for both the mean and 85th percentile
speeds compared to Survey 1. It should be noted that across all post-intervention survey
waves, the mean speed remained below the 25 mph threshold, which is considered a typical
pre-intervention speed threshold for implementing a 20 mph speed limit with satisfactory
compliance [32]. Considering the 109 sites with available data, almost 86% of the speed
reduction observed a few weeks after the introduction of the 20 mph limit (Survey 2) was
found to be still evident seven to eight months after the intervention (i.e., in Survey 4 as
shown in Table 2). Similarly, almost 83% of the average 85th percentile speed reduction
that was observed in Survey 2 was found to be sustained in Survey 4.

Overall, the analysis of the mean and 85th percentile speeds over time revealed a
generally stable trend of speeds post-intervention, with minor fluctuations being observed
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across some sites in the later survey waves; in most cases, the fluctuation was less than
5% in terms of speed change. However, such fluctuations (reflecting either increases or
decreases in speed) were lower than 1 mph for the majority of sites; for example, the
average difference between the mean speeds in Survey 2 and Survey 4 was 0.42 mph,
as can be inferred from Table 2. To ascertain whether the differences in the mean speed
post-intervention were statistically significant, we conducted a t-test using the mean speeds
of the sites in Survey 2 and Survey 4 as values. The p-value of the t-test was 0.32, thus
suggesting that the average in the mean speed values observed in Survey 4 was not
statistically significant.

3.1.4. Percentage of Vehicles with Speed over PSL, ACPO and DfT

The percentages of vehicles exceeding various speeding thresholds were investigated
to gain a preliminary understanding of the speeding behaviours and driver compliance
across all sites before and after the 20 mph limit. To that end, we used the posted speed
limit (PSL), the speed threshold employed by the Association of Chief Police Officers
(ACPO) and the Department for Transport (DfT) threshold, which have been defined in the
“Materials and Methods” section.

The speed limit pre-intervention was equal to 30 mph. As such, the ACPO threshold
before the intervention was equal to 35 mph, whereas post-intervention, its value dropped
to 24 mph. Similarly, the DfT threshold before the intervention was equal to 45 mph,
whereas post-intervention, it was equal to 35 mph. An interesting observation here is that
the ACPO threshold of roads with a 30 mph limit coincides with the DfT threshold of roads
with a 20 mph speed limit. However, the ACPO threshold indicates an approximate cut-off
value used for speed enforcement purposes, whereas the DfT threshold captures severe
speeding incidents.

Overall, in Survey 1, more than 25% of vehicles were identified as having speeds
exceeding the PSL, whereas in Survey 2 and Survey 4, where the posted speed limit was
reduced from 30 mph to 20 mph, noticeable, yet expected increases were observed in the
proportion of vehicles exceeding the PSL. This proportion is equal to 64% and 68%, in
Survey 2 and Survey 4, respectively. Even though the proportions of vehicles with speeds
over the PSL can inform about the overall prevalence of speeding behaviour, evidence about
more serious speeding patterns can be offered by the proportions of vehicles exceeding
the ACPO threshold. Given the drastic decrease in the ACPO threshold from 35 mph to
24 mph—due to the reduction in the speed limit from 30 mph to 20 mph—we observed
an expected rise in the proportion of vehicles exceeding the ACPO threshold, from 7%
pre-intervention, to 33% and 38% in Survey 2 and Survey 4, respectively.

However, a more robust comparison of excessive vehicle speeds can be achieved by
comparing the proportion of vehicles exceeding the ACPO threshold pre-intervention with
the proportion of vehicles exceeding the DfT threshold post-intervention, as these two
metrics end up having the same speed value (35 mph). While 7% of vehicles, on average,
had speeds greater than 35 mph across all sites in Survey 1, this proportion significantly
reduced to 2% and 3% in Survey 2 and Survey 4, respectively. This finding provides
additional evidence as to the significant calming effect of the 20 mph speed limit and its
capacity to radically reduce incidents of severe speeding.

Overall, the observed increases in the proportions of drivers’ non-compliance post-
intervention constitute direct consequences of the reduction in the speed limit from 30 mph
to 20 mph. These differences align with the previous literature that focused on the evolution
of speed metrics after the introduction of the 20 mph limit in urban areas [33]. However, the
proportion of drivers’ non-compliance with the new speed limit seems to have a slightly
increasing trend over time, so it needs to be closely monitored by local authorities and
enforcement agencies.

Such an increasing trend in non-compliance metrics can also be backed up (to some
extent) by the significant increase in traffic volume in Survey 4 compared to Survey 2. As
seen in Table 3, the average traffic volume per site increased by approximately 37.7%; this
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increase may constitute an outcome of the easing of the COVID-19 travel restrictions that
were in place at the period of the data collection for Survey 2. As such, the proportional
increase in non-compliance metrics in Survey 4 compared to Survey 2 is way lower com-
pared to the corresponding increase in the drivers’ exposure (i.e., traffic volume) during
the same period.

Table 3. Overall proportions of vehicles exceeding the speed thresholds.

Survey Wave n Average Traffic
Volume (Vehicles) >PSL >ACPO >DfT

Survey 1 (“before”) 109 2383 25% 7% 0.04%

Survey 2 (“after I”) 109 1820 64% 33% 2%

Survey 4 (“after III”) 109 2506 68% 38% 3%

This observed, non-linear relationship between exposure and non-compliance in-
cidents may serve as preliminary evidence for potential safety-in-number effects [34];
however, further investigation on the collision frequencies for the same period is required
in order to draw reliable statistical inferences.

3.2. Statistical Analysis of Vehicle Speeds

The significance and extent of variations in vehicle speeds before and after the intro-
duction of the 20 mph speed limit were further evaluated through inferential statistical
analyses. Specifically, we conducted non-parametric and parametric statistical tests for the
determination of the statistical significance of differences in key speed metrics.

3.2.1. Wilcoxon Signed-Rank Tests

Several Wilcoxon signed-rank tests were conducted using the speed data collected
in Surveys 1, 2 and 4. The goal of carrying out these tests was to identify whether the
differences in mean speeds across the sites before and after the intervention were statistically
significant. To that end, the non-parametric structure of the test was leveraged, which
is not predicated on any assumption about the distribution of the compared data. The
detailed results of the Wilcoxon signed-rank tests (including the calculation of mean rank
and sum of ranks, which constitute fundamental components of the Wilcoxon signed-rank
test statistics—for further information, see Rey and Neuhäuser [35]) are presented in Table 4.
Overall, for all the comparisons carried out (Survey 1 vs. Survey 2 and Survey 1 vs. Survey
4), the p-value of the test statistic was nearly equal to zero, thus indicating statistically
significant changes in the mean speed before and after the intervention at a 99% level of
confidence or more. These results corroborate the findings of the descriptive analysis, as
previously discussed.

Table 4. Results of the Wilcoxon signed-rank tests on vehicle speeds.

“Before” vs. “after I” Comparison

Wilcoxon Signed-Rank Test n Mean Rank Sum of Ranks

Sites with speed decrease 108 60.10 6491.00

Sites with speed increase 6 10.67 64.00

Ties 1

Before” vs. “after III” Comparison

Wilcoxon Signed-Rank Test n Mean Rank Sum of Ranks

Sites with speed decrease 101 56.15 5671.00

Sites with speed increase 7 30.71 215.00

Ties 1
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3.2.2. Paired Sample t-Tests

The impact of the 20 mph speed limit on vehicle speeds was statistically evaluated, at
the most disaggregate level, by conducting paired sample t-tests for each intervention site.
To carry out these tests, individual (vehicle-specific) speed data were leveraged. Given that
speed surveys were carried out throughout a week for each survey wave, the sample size
of speed data used for the t-test analysis was quite extensive for each site. Such extremely
granular speed information was available in Survey 1, Survey 2 and Survey 4, hence,
resulting in an extensive dataset consisting of more than five million observations.

The overall goal of these tests was to compare and assess the differences in observed
vehicle speeds before and after the establishment of the 20 mph speed limit. As opposed
to Wilcoxon signed-rank tests, the t-tests are fully parametric, and given the use of speed
measurements from individual vehicles, these tests offer an in-depth understanding of
speed differences to the greatest possible detail. To maximise the insights drawn from
the t-test analysis, we carried out two t-tests per site using the vehicle-specific data and
comparing individual speeds before the 20 mph intervention (Survey 1—“before”) and
a few weeks after the intervention (Survey 2—“after I”) as well as before and seven to
eight months after the intervention (Survey 4—“after II”). The detailed results of all the
conducted t-tests are provided in Appendix A. Overall, as can be seen from Table A1, almost
94% of sites had statistically significant speed reductions in Survey 2. In addition, 96.5%
of sites, for which t-tests could be carried out across Surveys 1, 2 and 4, had statistically
significant speed reductions in Survey 4 too, i.e., seven to eight months after the introduction
of the 20 mph limit. It should also be noted that for nearly all cases, the “before–after”
speed reductions were found to be statistically significant at a greater than 99% level of
confidence.

Only for a few sites (five sites for the “before–after I” comparison and three sites for the
“before–after III” comparison) did the t-test results reveal statistically insignificant speed
differences. These sites feature minor speed differences (less than or equal to 0.5 mph) and,
apart from Kirkhouse (site 107), their mean speeds were below or very close to 20 mph. In
other words, these were sites with already low speed patterns before the intervention, for
which the introduction of the 20 mph limit had a minimal impact on vehicle speeds.

3.2.3. Linear Regression Analysis of Vehicle Speeds

To investigate the potential impact of the 20 mph speed limit indicator while control-
ling for the impact of other traffic and contextual characteristics, we conducted a linear
regression analysis, given that speed constitutes a continuous variable [31]. Interestingly,
traffic volumes saw a major decrease (31% on average) in Survey 2 (1820 vehicles/day
on average) compared to Survey 1 (2383 vehicle/days on average), probably due to the
COVID-19 measures and travel restrictions being in place during the period when the Sur-
vey 2 data was collected (between November and December 2020 when the second national
lockdown was in effect). During the period of Survey 4 (June 2021), when a significant
portion of the measures had been lifted, we observed a major increase in traffic volumes,
with the average value being 2506 vehicles/day (a 5% increase compared to Survey 1).

Two linear regression models were estimated, with the mean speed and 85th percentile
speeds serving as dependent variables. It should be noted that several transformations
of the dependent variables were investigated (e.g., log-linear), but they all resulted in an
inferior statistical fit. Similar to the descriptive and inferential analysis, the sample includes
observations from Survey 1, Survey 2, and Survey 4—these are the surveys with the largest
amount of commonly available data (i.e., 109 locations per survey wave). The descriptive
statistics of the key variables identified as statistically significant in the regression models
are presented in Table 5, whereas Table 6 presents the detailed estimation results of the
models along with several goodness-of-fit metrics.
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Table 5. Descriptive statistics of key variables.

Key Variable Mean Standard
Deviation Minimum Maximum

Mean speed (mph) 23.48 3.85 13.50 34.80
85th percentile speed (mph) 28.37 4.36 16.20 42.40

20 mph indicator (1 if 20 mph
speed limit is in place, 0 otherwise) 66.67% - 0.00 1.00

Average traffic volume
(103 vehicles/day) 2.256 2.772 0.055 18.391

Table 6. Estimation results of linear regression models of mean and 85th percentile speeds.

Mean Speed 85th Percentile Speed

Coefficient t-Statistic 95% Confidence
Interval Coefficient t-Statistic 95% Confidence

Interval

Intercept 24.454 66.77 23.736 25.172 29.609 68.03 28.756 30.462
20 mph indicator (1 if 20 mph
limit is in place, 0 otherwise) −2.836 −7.07 −3.622 −2.049 −2.863 −6.01 −3.798 −1.929

Average traffic volume
(103 vehicles/day) 0.410 5.95 0.270 0.540 0.300 3.64 0.140 0.450

Log-likelihood at zero −903.893 −944.715
Log-likelihood at convergence −864.335 −920.779

Likelihood Ratio Test (LRT)
results 79.11 47.87

F-test results 44.34 25.54

The results show that the average traffic volume and the 20 mph limit indicator are
both statistically significant (at a greater than 99% level of confidence) factors of the mean
and 85th percentile speeds, as they both resulted in coefficients with high t-stats (the critical
value is 2.58) and p-values practically equal to zero. The coefficient for the 20 mph speed
limit indicator suggests that for sites with 20 mph speed limits, the mean speed is expected
to reduce by (approximately) 2.84 mph, whereas the 85th percentile speed is expected to
drop by (approximately) 2.86 mph. These results also back up the findings of the parametric
and non-parametric statistical tests, which, due to the nature of their formulation, do not
take into account other controlling factors. We also trialled other variables as controlling
factors in the regression models (e.g., level of COVID-19 restrictions being in place, area
type), but these did not produce statistically significant coefficients.

Turning to the goodness-of-fit metrics, the results of the Likelihood Ratio Test (full
model vs model only with the intercept term) that was conducted also provide additional
evidence as to the significance of the estimated models at a greater than 99% level of
confidence (l.o.c.). Similar inferences about the overall significance of the estimated models
are also drawn from the conducted F-tests, which returned p-values practically equal to
zero.

4. Policy Implications and Conclusions
4.1. Summary of Findings

This study focused on the evaluation of the impact of the 20 mph limit intervention on
vehicle speeds in the area of the Scottish Borders, UK. A key finding of the study is that the
mean speed across all sites of the intervention saw an average reduction of 3.1 mph shortly
after the introduction of the 20 mph limit. This was accompanied by a similar decrease in
the observed 85th percentile speed, which was almost equal to 3.2 mph within the same
period. Some noticeable but smaller reductions in both the mean and 85th percentile speeds
were seen in places showing lower speed patterns already before the intervention. However,
substantial reductions in speeds were noticeable in locations with high-speed patterns
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before the intervention. For instance, an average reduction of 5.4 mph was identified in
locations with means speeds in the range of >30–35 mph before the 20 mph intervention.

Over a longer term, i.e., seven to eight months after the introduction of the 20 mph
limit, reductions in the mean and 85th percentile speeds continued to be seen for most sites.
In fact, the overall mean speed was lower by 2.7 mph (approx.) compared to the mean
speed before the intervention. The 85th percentile speed was found to drop by 2.6 mph
(approx.) compared to its counterpart before the intervention. Speed reductions were found
to be maintained overall up to 8 months after the intervention, and especially in locations
with mean speeds before the intervention in the range of >25–30 mph. Furthermore, we
noticed further decreases in the mean and 85th percentile speeds, in the longer term, in
sites with high mean speeds before the intervention (i.e., with mean speeds in the range
of >30–25 mph). These are the findings of a series of comparisons carried out, not only
considering the pre-intervention period as a benchmark, but also comparing speed data
across several survey waves conducted after the introduction of the 20 mph limit.

The outcomes of the site-by-site parametric t-tests, which were conducted using
disaggregate vehicle speed data, revealed that for the vast majority of locations, the changes
in speed “before–after” the intervention are statistically significant at a greater than 99%
level of confidence. The results of the linear regression analysis confirmed the potential
of the 20 mph speed limit to reduce both mean and 85th percentile speeds, while also
controlling for other potentially influential factors, such as traffic volumes.

4.2. Policy Implications and Future Work

Over the past decades, communities across Scotland have requested that their local
road authorities “do something to tackle speeding”. We know from past research, including
the British Crime Survey, that speeding is seen as the most antisocial behaviour among
residents [36]. This new research is the first of its kind in the UK to address the introduction
of 20 mph speed limits in wholly rurally based settlements, and likely any rural areas in
other high-income countries, where conditions may be similar. The results of our study
triangulate well with previous 20 mph speed limit schemes, such as those reported for
cities including Edinburgh and Bristol [25,26]. The results confirm then that where initial
speeds were highest this is where the greatest reductions occurred [26] and that this holds
true whether 20 mph speed limits are implemented in large cities or smaller settlements
including villages.

The results help to fill an evidence gap regarding 20 mph speed limits and rural
settlements. Moreover, as previous research has shown that for rural roads there is an
average 4% reduction in collisions with each 1 mph reduction in average speed [37,38],
this suggests that an increased application of 20 mph speed limits is likely to help with the
ambitions of the national Road Safety Framework to reduce casualties [39]. The Framework
contains a battery of targets ranging from the headline 50% reduction in people killed and
seriously injured by 2030 to intermediate targets including a 40% reduction in pedestrians
killed or seriously injured. It is acknowledged that casualty numbers were reported to be
relatively low across villages and other small settlements across the Scottish Borders. Even
so, any further reductions would obviously be welcomed in terms of loss of life averted
and the avoidance of serious or slight injuries and the consequent burden on the National
Health Service (NHS), trauma and suffering, as well as the avoidance of productivity loss
that such casualties bear.

Highway authorities, public health practitioners, researchers and advocates for sus-
tainable transport, among others across Scotland, have been keen to learn the lessons from
this forward-moving approach taken forward by the Scottish Borders Council. The results
provide encouragement to consider 20 mph as the default in rural settlements. Outside
of Scotland but within the UK, perhaps especially in Wales where work progresses to
implement a default 20 mph in place of the current 30 mph across settlements on restricted
roads by September 2023, there is particular interest in learning lessons from this 20 mph
intervention, as this rural dimension and the insights and the results will inform Welsh
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practice. Beyond the UK there is also keen interest in the results given the prior evidence
gap for the effectiveness or otherwise of 20 mph speed limits in rural areas across high-
income countries. Moreover, this supports the 3rd Global Ministerial Conference on Road
Safety held in Stockholm (The Stockholm Declaration) which agreed a commitment to
20 mph as a default [40].

Some limitations should be taken into account while interpreting the findings of this
study. These are associated with the exclusive use of spot speeds for the evaluation of
the 20 mph intervention [41], which does not allow accounting for possible variations
in speed during vehicle journeys. Future research should draw data that will allow a
long-term evaluation of the 20 mph speed limit considering both journey speeds and
drivers’ compliance as key performance indicators. In addition, spatio-temporal variations
in speeds could not be investigated in the context of this study; as such, future work
can potentially shed light on the impact of factors, such as the time of the day, day of
the week or location-related characteristics, on vehicle speeds [42]. Moreover, further
research should identify and address any spatio-temporal travel behaviour changes and, in
particular, potential shifts toward active travel modes (e.g., walking and cycling) against
car-dominated travel. Furthermore, future work should consider an in-depth analysis of
the frequency and injury severity of road crashes that occurred after the introduction of
the 20 mph speed limit. The timeline of this study did not allow addressing this important
aspect as the identification of a possible impact on road safety and the comparison with the
pre-intervention state requires a long-term evaluation.

Author Contributions: Conceptualization, G.F. and A.D.; methodology, G.F., A.O. and A.D.; formal
analysis, A.O. and G.F.; investigation, A.O., G.F. and A.D.; data curation, A.O.; writing—original draft
preparation, G.F. and A.O.; writing—review and editing, A.D.; supervision, G.F. and A.D.; project
administration, G.F.; funding acquisition, G.F. and A.D. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by the Scottish Borders Council (Edinburgh Napier Finance
Code: R1872) through the Scottish Government’s “Spaces for People” programme.

Institutional Review Board Statement: The research is exempt from requiring an ethical approval
from an Institutional Review Board. A risk assessment checklist was submitted to the research
management system of Edinburgh Napier University (Project ID: 2682802, 3 September 2020), and
given that the research does not involve human subjects, animals, developing countries, etc., the
outcome of the checklist was that this research does not require formal ethical approval.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data available on request due to restrictions.

Acknowledgments: The authors would like to thank Philippa Gilhooly, from the Scottish Borders
Council Roads Department, Assets and Infrastructure for providing access to all necessary data.

Conflicts of Interest: The authors declare no conflict of interest. The data collection was monitored
by the funder. The funder had no role in the design of the study; in the analyses or interpretation of
data; in the writing of the manuscript; or in the decision to publish the results.



Safety 2023, 9, 66 18 of 23

Appendix A

Table A1. Detailed results of the t-tests of individual vehicle speeds.

Site No Site Name
No. of Observations (n) Mean SD SE t-Stat p-Value

before after I after III before after I after III before after I after III before after I after III B-AI B-AIII B-AI B-AIII

1 Broughton 11,848 7416 12,538 29.8 26.87 26.06 5.99 7.13 6.33 0.0551 0.0828 0.0566 29.45 47.39 0 0

3 A703 45,549 36,320 48,508 29.71 24.82 24.55 4.27 5.11 5.12 0.02 0.0268 0.0232 146.22 168.27 0 0

4 Eddleston (Central) 45,074 36,599 48,159 26.94 22.64 22.52 4.33 3.89 3.94 0.0204 0.0204 0.018 149.29 162.93 0 0

5 A703 44,856 36,530 48,597 30.4 24.31 25.48 5.14 5.03 5.64 0.0243 0.0263 0.0256 170.13 139.58 0 0

6 A72 Pirn Road,
Innerleithen 42,383 37,072 44,710 24.58 20.86 21.62 6.71 5.53 5.71 0.0326 0.0287 0.027 85.62 69.8 0 0

7 B709 Leithen Road 8173 6183 9902 24.47 23.66 22.51 5.39 5.43 5.67 0.0597 0.0691 0.0569 8.91 23.82 0 0

8 B7062 Kingsmeadow
Road 11,431 10,468 12,512 30.72 25.29 26.01 6.76 5.74 6.26 0.0632 0.0561 0.056 64.31 55.84 0 0

9 A703 Edinburgh Road 53,626 40,293 57,648 25.29 22.9 23.44 4.62 4.38 4.56 0.0199 0.0218 0.019 80.65 66.95 0 0

11 A72 Neidpath 28,358 21,290 32,337 27.4 22.99 22.97 6.7 5.87 5.69 0.0398 0.0402 0.0316 78.05 87.15 0 0

12 A701 14,173 10,520 16,744 40.75 30.7 30.45 6.56 8.44 8.28 0.0551 0.0823 0.064 101.46 121.91 0 0

13 A72 8570 6420 9468 32.69 27.47 27.05 5.15 5.75 5.53 0.0556 0.0718 0.0569 57.46 70.89 0 0

14 A72 Peebles Road 29,655 29,655 37,957 29.21 24.4 25.49 4.27 4.74 5.03 0.0248 0.0275 0.0258 129.66 103.73 0 0

16 B6461 Duns Road 1000 1000 13,476 30.11 26.09 27.11 5.79 6.28 6.79 0.183 0.1987 0.0585 14.89 46.79 0 0

17 B6400 3533 2994 3877 27.59 25.01 24 5.93 5.34 5.54 0.0997 0.0976 0.089 18.44 26.86 0 0

18 A698 Main Street 18,380 12,743 18,521 28.57 21.92 23.78 4.58 4.16 4.33 0.0338 0.0368 0.0318 132.99 103.14 0 0

19 Main Street 2656 2491 2663 28.09 23.97 24.12 5.94 5.36 5.85 0.1153 0.1074 0.1133 26.14 24.53 0 0

20 A698 Main Street 28,936 23,068 30,702 29.89 23.32 23.98 4.79 4.86 4.97 0.0282 0.032 0.0284 153.93 147.61 0 0

21 Oxnam Rd 16,783 12,598 17,042 28.95 24.97 25.45 4.56 4.18 4.42 0.0352 0.0373 0.0339 77.69 71.68 0 0

23 A699 Main Street 15,392 11,849 15,662 30.52 24.32 25.18 5.08 5.35 5.55 0.041 0.0491 0.0443 96.86 88.51 0 0

24 B6401 Main Street 4319 3558 3903 25.25 21.58 21.86 5.99 5.4 5.46 0.0912 0.0906 0.0874 28.49 26.8 0 0

25 Unnamed road 1909 1417 1767 23.01 21.32 21.26 6.04 4.85 5.39 0.1384 0.1289 0.1283 8.91 9.26 0 0
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Table A1. Cont.

Site No Site Name
No. of Observations (n) Mean SD SE t-Stat p-Value

before after I after III before after I after III before after I after III before after I after III B-AI B-AIII B-AI B-AIII

26 Unnamed road 566 387 892 17.89 17.14 16.78 4.47 4.07 4.25 0.1879 0.2068 0.1422 2.7 4.69 0.01 0

27 C78, Smailholm 8003 6815 8063 32.24 26.67 27.94 6.48 6.33 6.66 0.0725 0.0766 0.0742 52.82 41.5 0 0

28 B6350 12,611 7428 36.64 33.18 5.5 5.73 0.049 0.0665 41.83 0

31 B6364 Main Street 7904 6921 8809 29.55 25.67 26.27 4.92 4.91 4.98 0.0553 0.059 0.0531 48.01 42.87 0 0

32 B6401 Cheviot Place 4315 3432 4311 28.48 25.26 25.87 6.47 6.24 6.76 0.0985 0.1065 0.1029 22.21 18.28 0 0

33 Unnamed road 768 637 744 21.01 20.56 18.91 6.55 5.59 5.32 0.2365 0.2213 0.1951 1.42 6.86 0.16 0

34 Unnamed road, Ashkirk 3389 2704 4018 20.05 19.15 19.44 3.87 3.53 3.89 0.0665 0.0679 0.0613 9.49 6.72 0 0

36 A72 Vine Street 32,303 28,739 32,411 27.88 23.08 23.33 3.66 4.02 4.13 0.0204 0.0237 0.0229 153.41 148.28 0 0

37 B6394 Main Street 9163 8053 7783 15.64 14.24 13.52 3.08 2.96 2.69 0.0322 0.033 0.0305 30.39 47.76 0 0

38 A6105 23,364 14,769 22,858 29.58 25.51 23.24 5.18 4.82 5.16 0.0339 0.0396 0.0341 78.01 131.76 0 0

39 Main Street, Ettrickbridge 2922 2194 3145 23.03 21.86 20.35 5.74 5.2 4.97 0.1061 0.1111 0.0886 7.63 19.34 0 0

40 Old Stage Road 1065 829 1178 21.36 19.93 18.36 6.88 6.28 5.75 0.2109 0.2179 0.1676 4.72 11.17 0 0

41 B6374 Melrose Road,
Galashiels 53,315 52,001 50,478 29.62 23.11 24.45 4.56 3.91 4.09 0.0198 0.0171 0.0182 248.66 192.23 0 0

42 Scott Street 42,612 42,612 47,150 23.73 20.93 22.91 4.77 4 4.29 0.0231 0.0194 0.0197 92.94 27.04 0 0

43 A7 Abbotsford Road 128,740 115,609 125,388 27.16 21.09 22.72 4.27 3.76 3.92 0.0119 0.0111 0.0111 373.67 273.19 0 0

44 Windyknowe Road,
Galashiels 11,978 11,978 14,258 25.86 22.38 23.19 4.53 3.93 4.29 0.0414 0.0359 0.0359 63.48 48.7 0 0

45 B6360 Main St, Gattonside 17,177 14,875 16,202 29.78 23.86 24.55 4.89 4.68 4.94 0.0373 0.0384 0.0388 110.68 97.15 0 0

46 Shoestanes Rd, Heriot 749 662 1230 15.12 15.45 25.99 4.3 4.13 7.39 0.157 0.1604 0.2107 −1.48 −41.41 0.14 0

47 Thirlestane Dr, Lauder 3667 2592 4566 16.87 14.56 14.89 3.17 3.04 3.11 0.0523 0.0598 0.0461 29.1 28.41 0 0

48 B6362 Stow Rd, Lauder 13,547 3757 6378 34.77 26.48 28.27 9.37 6.37 6.62 0.0805 0.1038 0.0828 63.07 56.29 0 0

49 B6359 Main St, Lilliesleaf 3631 3631 4308 20.59 19.45 19.99 5.72 4.62 5 0.095 0.0766 0.0762 9.35 4.9 0 0

52 Main Street, Midlem 3551 3059 3081 23.5 21.75 23.03 6.08 5.36 5.18 0.102 0.097 0.0934 12.41 3.43 0 0.001

53 B6361 Main Street,
Newstead 4163 3459 4518 21.78 20.66 20.31 4.75 4.18 4.28 0.0736 0.0711 0.0637 10.88 15.09 0 0

55 Station Road, Oxton 3392 3392 4118 22.25 20.68 19.49 5.44 4.77 5.21 0.0934 0.0819 0.0813 12.64 22.26 0 0
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Table A1. Cont.

Site No Site Name
No. of Observations (n) Mean SD SE t-Stat p-Value

before after I after III before after I after III before after I after III before after I after III B-AI B-AIII B-AI B-AIII

56 Unnamed road 862 862 989 15.15 14.84 15.13 3.49 3.49 3.45 0.1189 0.1188 0.1098 1.83 0.21 0.067 0.845

57 A707 Linglie Road, Selkirk 9723 5334 10,399 35.72 32.95 32.33 7.05 7.15 6.79 0.0715 0.0979 0.0666 22.82 34.67 0 0

59 Bleachfield Road, Selkirk 15,070 11,268 17,155 24.74 22.49 23.33 5.04 4.43 4.7 0.0411 0.0418 0.0359 38.51 25.82 0 0

60 A7 Galashiels Road 56,061 24,090 31,034 29.62 23.88 23.54 3.88 4.59 4.56 0.0164 0.0296 0.0259 169.74 198.69 0 0

61 A7, Stow (North) 53,513 22,561 29,095 26.77 23.5 23.5 4.41 4.57 4.57 0.0191 0.0304 0.0268 91.09 99.51 0 0

64 A6088, Chesters 4736 2945 5496 22.93 21.47 21.28 3.96 4.24 3.83 0.0575 0.0782 0.0517 15 21.38 0 0

65 A698 Jedburgh Road,
Denholm 28,552 26,541 32,163 28.72 23.83 24.33 5.4 5.47 5.81 0.032 0.0336 0.0324 105.38 96.43 0 0

67 B6399 Liddesdale Road,
Hawick 11,828 8722 11,879 25.53 23.11 23.07 5.03 4.87 4.93 0.0462 0.0521 0.0452 34.74 38.09 0 0

69 B6357 North Hermitage
Street 5836 3882 6744 29.11 22.77 27.58 5.51 5.6 5.78 0.0721 0.0898 0.0704 55.1 15.21 0 0

70 B6437 Main St, Allanton 8520 7194 8900 29.26 22.42 24.32 4.99 5.1 5.72 0.0541 0.0601 0.0606 84.61 60.87 0 0

71 B6355, Ayton 10,018 8653 11,267 25.75 21.78 22.45 5.01 4.29 4.53 0.0501 0.0461 0.0427 58.32 50.21 0 0

72 Unnamed rd., Burnmouth 5650 3226 6592 27.54 24.44 25.51 5.15 5.38 5.55 0.0686 0.0947 0.0683 26.54 20.96 0 0

73 Crosshill/Kirkgate,
Chirnside 5929 5268 6200 18.38 17.5 18.64 3.16 2.95 3.13 0.0411 0.0406 0.0398 15.25 −4.44 0 0

74 Hoprig Rd /The Square 3044 2940 3537 19.01 19.91 19.54 4.1 4.25 4.25 0.0743 0.0783 0.0715 −8.37 −5.17 0 0

76 Duns Road, Coldsteam 9108 7940 9066 28.11 22.76 22.8 5.36 4.93 5.36 0.0561 0.0553 0.0563 67.81 66.77 0 0

77 Unnamed road, Cove 2173 754 2069 14.47 15.18 14.13 3.64 3.86 3.52 0.078 0.1405 0.0774 −4.37 3.12 0 0.002

78 A6105 Langtongate, Duns 28,455 26,039 31,635 28.82 22.82 23.87 6.04 4.78 5.09 0.0358 0.0296 0.0286 129.23 108.13 0 0

79 B6461 Main Street, Eccles 10,873 10,029 31 24.31 6.16 5.33 0.0591 0.0532 84.19 0

80 A1107, Eyemouth 23,653 15,069 23,742 28.54 23.74 23.35 4.29 4.25 4.69 0.0279 0.0346 0.0304 107.94 125.64 0 0

81 Unnamed road, Foulden 1331 1331 1479 23.35 22.64 23.91 6.97 5.78 5.9 0.191 0.1586 0.1534 2.85 −2.31 0.004 0.021

82 A6105, Foulden 18,045 13,493 18,139 37.36 31.85 36.89 5.26 5.78 5.27 0.0392 0.0497 0.0392 87.04 8.48 0 0

83 Main Street, Gavinton 2153 2153 3153 28.59 23.71 22.75 5.43 5.22 5.76 0.1169 0.1125 0.1027 30.04 37.48 0 0

84 Bankhouse, Grantshouse 581 553 613 18.82 18.91 19.28 5.25 5.28 5.33 0.2176 0.2246 0.2154 −0.3 −1.5 0.764 0.133
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Table A1. Cont.

Site No Site Name
No. of Observations (n) Mean SD SE t-Stat p-Value

before after I after III before after I after III before after I after III before after I after III B-AI B-AIII B-AI B-AIII

85
Duns Road between

Queens Row and The
Avenue Greenlaw

17,091 16,998 9100 29.95 24.87 27.8 5.47 5.21 5.72 0.0418 0.0399 0.06 87.87 29.48 0 0

86 B6461 Main Street 9770 7936 9933 26.79 22.29 23.38 5.44 4.55 4.9 0.055 0.051 0.0492 59.99 46.16 0 0

87 A6112, Lennel 4911 3557 5043 28.75 23.4 24.64 5.84 5.65 6.39 0.0833 0.0947 0.09 42.38 33.53 0 0

88 Gifford Road,
Longformacus 2052 1317 1753 18.64 17.77 18.49 3.58 3.3 3.61 0.0791 0.0908 0.0861 7.3 1.33 0 0.183

90 A6112, Preston 15,093 11,264 13,451 30.05 24.5 25.14 5.11 4.96 5.16 0.0416 0.0467 0.0445 88.82 80.64 0 0

91 B6438 Main St, Reston 4638 3609 5239 27.34 24.2 24.7 4.51 4.54 4.66 0.0662 0.0756 0.0644 31.23 28.59 0 0

92 B6438, St Abbs 7656 3073 7561 20.03 20.48 19.62 4.74 4.64 4.25 0.0542 0.0837 0.0488 −4.44 5.7 0 0

93 A6112, Main St, Swinton 9670 7635 9324 24.97 22.53 23.96 4.68 4.11 4.62 0.0475 0.047 0.0478 36.46 14.96 0 0

94 B6456, Westruther 2911 2911 4691 26.15 22.81 23.87 5.44 5.3 5.25 0.1008 0.0982 0.0767 23.7 17.93 0 0

105 South Parks 6550 6304 9034 22.63 20.8 19.33 4.73 4.26 4 0.0584 0.0536 0.0421 23.06 45.72 0 0

106 Traquair 4463 3248 6463 29.02 26.34 26.47 7.34 7.35 6.84 0.1099 0.129 0.0851 15.84 18.31 0 0

107 Kirkhouse (near Traquair) 3052 2350 5312 25.27 25 24.15 6.33 6 5.95 0.1145 0.1237 0.0817 1.59 7.96 0.112 0

108 Minto 1897 1814 842 23.3 22.17 22.51 5.43 5.07 4.95 0.1246 0.1191 0.1706 6.56 3.71 0 0

109 Yarrowford 793 793 831 18.63 18.85 15.82 4.23 4.39 4.48 0.1503 0.1558 0.1554 −1.01 12.96 0.311 0

111 Cotgreen Road 3522 3522 3892 19.06 17.29 18.32 3.78 3.45 3.78 0.0637 0.0582 0.0605 20.49 8.35 0 0

112 Oxnam 2178 2178 2764 28.03 25.08 24.52 5.85 5.86 5.62 0.1254 0.1255 0.1068 16.62 21.31 0 0

114 Unnamed road, Lanton 1092 985 1390 18.68 18.2 16.96 3.69 3.96 3.81 0.1117 0.1263 0.1022 2.85 11.37 0.005 0

115 B6356, Clintmains 2463 1327 3111 28.11 21.75 21.63 5.23 4.35 4.86 0.1054 0.1195 0.0871 39.91 47.38 0 0

116 B6356, Bemersyde 1517 839 2094 20.97 19.85 20.37 5.12 4.88 5.12 0.1315 0.1686 0.1119 5.23 3.46 0 0.001

117 Unnamed road, Hume 1349 1272 1464 27.41 25.07 25.33 6.11 5.7 6.49 0.1664 0.1599 0.1696 10.17 8.74 0 0

120 Auchencrow 593 593 901 20.7 18.38 19.08 5.39 4.3 4.9 0.2212 0.1766 0.1632 8.2 5.93 0 0

121 Nether Blainslie (near
Lauder) 1299 890 1729 26.38 23.71 21.67 8.36 6.8 7.27 0.232 0.2281 0.1748 8.19 16.17 0 0

SD—standard deviation, SE—standard error, t-stat—t-statistic, B-AI: before–after I, B-AIII: before–after III.
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