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Abstract: This paper aims to offer novel empirical evidence as to the identification of the most effective
Trigger Speeds (TS) for Vehicle-Activated Signs (VAS) in rural areas. To achieve this, an experimental
study was carried out in the area of Scottish Borders, UK, in settlements with 20 mph speed limits. To
determine the effective trigger speeds for VAS, in terms of reducing vehicle speeds, a comparative
quantitative analysis was conducted using traffic and speed data collected during different waves
of a traffic survey, for which various TS settings were deployed (24 mph, 28 mph and 35 mph). The
descriptive analysis showed that the 24 mph TS threshold seems to be more effective compared to the
other TS settings considered, mainly in terms of reducing the 85th percentile speeds. The 28 mph
threshold was identified to yield slightly lower mean speeds compared to the other TS settings. Non-
parametric and parametric statistical tests were conducted on the basis of approximately 2.8 million
speed observations to identify any statistically significant speed differences under various TS settings.
Overall, the findings of this study show that the application of VAS in addition to 20 mph speed
limits helps reduce vehicle speeds. In particular, setting a TS to remind drivers, especially those
driving between 21–24 mph, that they should slow down has led to statistically significant reductions
in speeds driven. This provides road safety benefits both from the reduction in kinetic energy in
the transport system, any consequent crash-related outcomes, and also by improving perceived
safety for all who use and live close to roads where 20 mph speed limits augmented with VAS have
been implemented.

Keywords: Vehicle-Activated Signs; trigger speed; rural areas; mean speed; 85th percentile speed;
effectiveness

1. Introduction

The global challenge of road safety remains a perennial issue considering the magni-
tude of the injuries and deaths associated with human mobility across the world. Global
road casualties are shown to have increased in 2022; nonetheless, they are still lower than
the pre-COVID-19 levels [1]. In the UK, comparing pre- and post-COVID-19 collision and
casualty data, there is a decline of 3% in 2022 as compared to 2019 [2]. Scotland has a target
to reduce road traffic deaths by 2030 yet it had achieved no reduction considering fatality
data from 2022 [3]. This is an indication that more strategic efforts are still required to
prevent and mitigate road crashes and their impacts on the society and economy, especially
in the aftermath of the COVID-19 pandemic [4].

As widely acknowledged, vehicle speeds are key contributors to road safety. A wide
array of previous studies point to the significant impact of speeding and speed variations on
school safety [5]; residential neighbourhoods safety [6–8]; cyclist safety [9]; and pedestrian
safety [10]. To mitigate the negative impact of speeds on public health, a range of traffic
calming measures have been deployed either individually or jointly to curb the dominant
speeds of motorised traffic, above all in built-up areas, and, consequently, to reduce the
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frequency and severity of collisions. Through physical, engineering [11], or psychological
measures [12], the traffic calming interventions aim at facilitating the behavioural change
of motorised users and boosting the perceived safety and confidence of non-motorised
users in using the road space.

Indeed, 20 mph (or 30 km/h) speed limits are at the heart of speed management
measures implemented in settlements and communities aiming to reduce the speed of
motorised traffic and foster the shift away from the use of motorised means of travel.
Recently published studies [8–10] on the effectiveness of 20 mph speed limits in urban
and rural areas suggest that that combined effects of lower speed limits with other traffic
calming measures may entail plausible effects in terms of speed reduction as well as in
terms of promotion of public health and well-being [13,14]. Gonzalo-Orden et al. [15]
evaluated the effectiveness of speed reduction on different street sections based on different
traffic calming measures such as normal and raised crosswalks, speed warning signs, and
lane narrowing. The effectiveness of similar measures across different urban areas in
Spain (Europe) was evaluated indicating plausible outcomes in terms of reduction of traffic
speed and volume and reduced occurrences of pedestrian-associated deaths involved in a
crash [16]. Similar studies in different cities in the United States and other countries point
to the repeatability and universality in efficiency of traffic calming measures [17,18].

Vehicle-activated signs (VAS) constitute a potentially key sub-group of traffic calming
measures, which can potentially have a synergistic impact on speed and mode choice
alongside other speed management measures. Specifically, it has been established that VAS
jointly implemented with other traffic calming measures have varying effects on speeds,
mainly in terms of speed reductions and variations [19–21]. Notably, VAS help enhance the
consciousness of drivers as to their driving speed and its alignment (or mis-alignment) with
the speed limit on a given road segment. A vehicle-activated sign is a traffic-responsive
safety sign equipped with sensors and it is deployed alongside the road to warn and inform
the drivers once they exceed the posted speed limit by displaying messages [19]. The
VAS operation is based on the principle that a specific warning or informative message
will be displayed when the speed of an approaching vehicle exceeds a pre-determined
threshold. Previous evidence suggests that VAS, especially when combined with other
calming measures, help mitigate the direct effects of speeding and speed variations on road
safety [22] and help promote active travel [23].

According to Jomaa et al. [20], VAS are extensively deployed to reduce speeding
and enhance safety. However, there is very sparse evidence in the literature as to the
determination of the Trigger Speed (TS), which can deliver an optimal effectiveness of VAS,
in terms of reducing vehicle speeds. The TS represents a critical speed value at which the
VAS is either activated or displays a specific message that is different to any messages
shown for speeds below this threshold. This present study aims to fill in the research gap on
the determination of the most effective trigger speed for VAS in predominantly rural areas.

There is little evidence from the international literature as to the effectiveness of
VAS ([13,20,24]). This evidence gap includes the determination of most effective TS for
VAS activation and any messages that are displayed to drivers to alert them to their actual
speed and potentially words indicating that they need to reduce their speed. The lack of
evidence about the trigger speeds of VAS is most pronounced on roads with lower speed
limits (20 mph/30 kmph and 30 mph/50 kmph), especially in rural areas. The lower speed
limits may not significantly affect the speed at which the VAS is activated; however, the
information that is displayed on the VAS (e.g., whether the vehicle is above or below the
speed limit, actual vehicle speed) should be potentially disseminated at varying speed
levels of the approaching vehicles [25]. This is important in order to ensure that the drivers
receive critical information about their speed selection, especially when an urgent action
is needed (e.g., braking and speed reduction). Previous studies have not investigated
how trigger speed should be set in a low-speed road environment, and particularly, on
20 mph roads, as previous investigations of optimal trigger speeds mainly refer to 30 mph
(40 km/h) roads.



Safety 2024, 10, 25 3 of 20

In this context, the present study seeks to contribute to the world-wide evidence on
VAS, particularly in a high-income country. The overarching aim of this study is to provide
new evidence as to the most effective trigger speed for VAS in a predominantly rural area
where 20 mph is the default speed limit for roads in built-up areas. Setting optimal trigger
speeds of VAS in such areas is expected to further adjust vehicle speeds and expand the
gains of the 20 mph speed limit in terms of collision and casualty reduction and potentially
the promotion of active travel. To achieve this aim, the objectives of this study were set out
as follows:

• to identify the most effective TS for VAS on roads with a 20 mph speed limit; and;
• to identify whether the TS policy evidently affects vehicle speed selection and driver

behaviour.

2. Materials and Methods
2.1. Data Source, Collection and Processing

To identify the most effective TS for VAS on 20 mph roads, the Scottish Borders area
in the UK was selected as a suitable case study. Following the completion of the 20 mph
speed limit intervention in the Scottish Borders area, which led to the establishment of a
default 20 mph speed limit in built-up areas (see [13] for more details), the Scottish Borders
Council (SBC) launched a new project focusing on trigger speeds for VAS in 2022. The
introduction of VAS added a potentially significant traffic calming measure to increase the
safety and overall well-being of all road users, inclusive of those outside of vehicles, as well
as potential wider environment benefits. As such, the Scottish Borders area constitutes the
most appropriate spatial setting for accommodating one of the key objectives of this study,
i.e., the identification of the most effective TS for VAS in a 20 mph speed limit context. This
project explores the most effective trigger speeds for VAS, in terms of speed reduction, in
order to encourage drivers to reduce to or maintain their speeds at or close to 20 mph.

The TS for VAS were introduced at over 30 sites across various settlements of the
Scottish Borders Council in the period between June 2022 and March 2023. The selection
of the site is based on the outcomes of the 20 mph speed limit intervention and the local
knowledge of the area based on the traffic history; this ensures a reasonable spread and a
good coverage. Figure 1 shows a map with the geographical distribution of the locations
(sites) where VAS were deployed.

For this study, we also made use of historical speed data from the commencement of
20 mph speed limits across almost all SBC settlements since December 2020. The data is
available in the following order of phases:

• VAS installed and activated with the benchmark TS [TS data–28 mph threshold speed];
• VAS activated with the TS-I [TS-I data–24 mph threshold speed];
• VAS activated with the TS-II [TS-II data–35 mph threshold speed];
• VAS activated with the TS-III [TS-III data–28 mph threshold speed].

The breakdown of the VAS settings across all phases is shown in Table 1.

Table 1. VAS Settings for TS–TS-III.

VAS Settings TS TS-I TS-II TS-III

No display on VAS 0–12 mph 0–12 mph 0–12 mph 0–12 mph

Vehicle speed display on VAS
and “Thank you” message 12–20 mph 12–20 mph 12–20 mph 12–20 mph

Vehicle speed display on VAS
and “Slow down” message 21–28 mph 21–24 mph 21–35 mph 21–28 mph

Only “Slow down”
message–Speed threshold >28 mph >24 mph >35 mph >28 mph
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As shown in Table 1, the VAS are activated when the vehicle speed exceeds the 12 mph
threshold in all cases. This is a pre-set speed value that remains constant across all the
phases of the study. If the speed of the approaching vehicle is lower than the speed limit
of the road (i.e., 20 mph), the speed of the vehicle is displayed on the VAS, along with
a “Thank you” message. The wording of this message serves as an acknowledgment to
the driver for their compliance with the speed limit. For vehicles exceeding the speed
limit, the content of the message serves as a warning to the drivers to comply with the
traffic rules; in that case, the VAS displays a “Slow down” message and the actual vehicle
speed. However, the latter is displayed on the VAS screen only up to a particular speed
threshold. If highly exceeding speeds are continuously displayed on VAS, an erroneous
message may be communicated to the non-compliant drivers, who may believe that they
can drive at that speed without legal consequences. To address this potential issue, the
speed is displayed only up to a certain speed threshold, and when the approaching vehicles
exceed that threshold, then only a “Slow down” message is displayed. The speed value at
which the actual speed of the vehicle is no longer displayed on the VAS is considered as
the trigger speed in this study. The actual setting of the experiment shows that the only
parameter subject to change across the survey waves was the speed at which the “Slow
down” message is only shown on the VAS screen. TS was set to take different values across
the different phases of the study, which are the following:

• Twenty-four mph, which is a typical threshold of enforcement for twenty (20) mph
roads according to enforcement policy guidance issued by the former Association
of Chief Police Officers (ACPO) in the UK (currently the National Police Chiefs’
Council—NPCC).
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• Twenty-eight (28) mph, which constitutes a speed value that approximates the average
85th percentile speed of twenty mph roads in the Scottish Borders area according to
recent evidence (see [8] for further details) and historical speed data from the SBC.
This speed threshold is typically considered as trigger speed for VAS, according to
the standard practice in the UK [20]; therefore, it is considered as a benchmark TS in
this study.

• Thirty-five (35) mph, which represents a threshold of excessive speeds for twenty mph
roads according to the guidance of the Department for Transport (DfT) in the UK.

Overall, four waves of traffic surveys were conducted, processed, and analysed along
with the historical data drawn from a previous project on the evaluation of the 20 mph
speed limit. Corresponding to different sign settings (relating to trigger speeds and VAS
display), Surveys 1–4 were conducted at different time periods across 2022–2023, as follows:

• The “TS” survey, which was conducted with starting date on the 11 of July 2022, also
referred to as “Survey 1”.

• The “TS-I” survey with starting date on the 14 of November 2022, also referred to as
“Survey 2”.

• The “TS-II” survey with starting date on the 16 of January 2023, also referred to as
“Survey 3”.

• The “TS-III” survey with starting date on the 18 of March 2023, also referred to as
“Survey 4”.

Each survey wave was carried out by Tracsis, a traffic survey technology company.
In addition to the speed data, other associated traffic information, which includes traffic
volume counts, and traffic composition by vehicle class was collected and processed. All the
survey waves took place for a period of 7 days, 24 h daily at various data collection locations
(hereafter referred to as “sites”). Automatic traffic counters (specifically, pneumatic tubes)
were used for the collection of speed data from each individual vehicle passing through the
data collection sites.

Due to the granularity of the data, the disaggregate speed dataset was quite extensive,
and as such, it was further processed and managed by leveraging MySQL- and Python-
based algorithms. The data-wrangling process resulted into a unified database for all
study locations, which was fit-for-purpose for descriptive and statistical analyses. In
all, two million seven hundred and ninety-two thousand four hundred and twenty-one
individual speed records were collected, processed, and analysed (the breakdown per each
survey wave is: TS–689111, TS I–706035, TS II–673998, TS III–723277, Total–2792421). The
individual speed data were collected for different vehicle classes, which include the Pedal
cycle/Motorcycle, Car/Light Good Vehicles (LGV), Public Service Vehicle (PSV), Ordinary
Goods Vehicle 1 (OGV1), and Ordinary Goods Vehicle 2 (OGV2).

The speed metrics that were computed in this study include the mean speed, the 85th
percentile speed and standard deviation of individual vehicle speeds. The use of these
metrics can help understand the differences in several dimensions of speed associated with
different VAS settings. The suitability and reliability of these metrics for the evaluation of
traffic calming measures has been showcased and proven in previous studies [5,26–30] and
they are also in line with the current appraisal practice of speed interventions.

2.2. Analysis

To identify the most effective trigger speed for VAS on roads with a 20 mph speed
limit, descriptive statistics were deployed for the aforementioned speed metrics. Prior to
this, individual speed data were processed using Python-based algorithms, to consolidate
the data in a format that is fit for analysis. Thereafter, further statistical tests including
Wilcoxon signed-rank tests and t-tests were conducted to identify any statistically signifi-
cant associations between the trigger speeds and the considered speed metrics.

The descriptive analysis of the speed data includes the calculation of the following
key statistics: percentages, frequencies, mean values, percentiles, standard deviations,
minimum/maximum values.
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Several t-tests were conducted to establish whether differences in vehicle speeds
observed under different VAS setting (TS, TS-I, TS-II, TS-III) are statistically significant or
not. To carry out the t-tests, the speed data collected from the individual vehicles passing
through each site across all the survey waves were used. The essence of performing the
statistical tests is to enable a robust comparison of speed measurements on the same site
between two different VAS settings (e.g., TS versus TS-I); thus, paired t-tests were carried
out (see the Appendix A for the details).

In addition, the study employed the Wilcoxon signed-rank test (a non-parametric test)
to determine whether statistically significant differences of average speed metrics exist
between different VAS settings (e.g., TS versus TS-I).

3. Results and Discussion
3.1. Analysis of Mean and 85th Percentile Speeds

Table 2 shows the key descriptive statistics of vehicle speeds across the four survey
waves, which correspond to different TS settings. In Survey 1, where the benchmark TS
was applied, the mean speed across all survey sites is 24.94 mph. A few weeks after the
implementation of the TS-I (i.e., in Survey 2), the mean speed is 25.05 mph, thus indicating
a 0.11 mph increase compared to TS. Comparing Survey 1 (TS) and Survey 3 (TS-II), the
mean speed was found to increase by 0.23 mph on average. When comparing Survey 1 (TS)
and 4 (TS-III), where the trigger speed was equal to 28 mph in both cases, a slight drop of
0.15 mph in the average speed can be seen. Overall, it is observed that the reduction of the
trigger speed from 28 mph (TS) to 24 mph (TS-I) is associated with a marginal increase of
mean speed (by 0.11 mph), whereas the increase of the threshold speed from 28 mph to
35 mph (TS-II) is also associated with a weak mean speed increase equal to 0.23 mph.

Table 2. Overall descriptive statistics of mean and 85th percentile speeds across all survey waves.

Survey
Wave n

Minimum Maximum Average Std. Deviation

Mean 85th Percentile Mean 85th Percentile Mean 85th Percentile Mean 85th Percentile

TS 30 20.80 25.30 29.90 36.70 24.94 30.55 1.71 2.21

TS-I 30 20.60 25.00 29.30 35.60 25.05 30.19 1.59 2.07

TS-II 30 21.60 26.30 30.20 35.70 25.17 30.35 1.55 1.87

TS-III 30 18.70 24.00 30.10 36.90 24.79 30.10 1.86 2.27

The opposite trend is observed for the 85th percentile speeds. As shown in Table 2,
decreases in 85th percentile speeds were observed between TS and TS-I, and TS-I and TS-II,
equal to 0.36 mph and 0.20 mph, respectively. While, by comparing Survey 1 (TS) and 4
(TS-III), a slight drop of 0.45 mph in the average speed is observed. Overall, it is shown
that the reduction in the TS speed from 28 mph (TS) to 24 mph (TS-I) is associated with
a mild reduction in the 85th percentile speed, whereas the increase in the TS threshold
speed from 28 mph (TS) to 35 mph (TS-II) is also associated with a marginal decrease in the
85th percentile speed. The repeat of the 28 mph TS threshold in TS-III resulted in a lower
85th percentile speed, close to that observed during TS-I. Given that the 85th percentile
speed reflects the speed at or below which 85 percent of all vehicles were identified to
travel, it can be inferred that when the lowest TS threshold (i.e., the 24 mph threshold) is in
place, the vast majority of vehicles travel with slightly lower speeds. In other words, when
the other TS thresholds are in place (i.e., the 28 mph or the 35 mph threshold), the majority
of vehicles travel at slightly higher speeds compared to the 24 mph TS threshold.

As shown in Table 2, the standard deviations of the mean and 85th percentile speeds
have the lowest value when the 35 mph TS was used (TS-II). In other words, speeds are
slightly more homogeneous when the highest TS value is used. Reductions in the standard
deviation of speeds (compared to the benchmark TS threshold) were also found when the
24 mph was in place. Figure 2 shows a visual comparison of mean and 85th percentile
speeds under different TS settings (Survey 1–4).
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3.2. Analysis of Mean and 85th Percentile Speed Band for TS-TS1-TSII-TSIII

To provide a more detailed overview of speeds across the survey waves, a breakdown
of the proportion of sites corresponding to different speed bands (defined using a 5 mph
increment) was developed. As shown in Table 3, TS-I is linked with a visible reduction
in the proportion of sites with mean speed in the range of >25–30 mph, compared to TS.
Interestingly, 53 per cent of sites had mean speed in the range of >25–30 mph in TS; this
value drops to 47 per cent in TS-I. An equal increase in the proportion of sites with mean
speed in the range of >20–25 mph is observed in TS-I compared to TS. Comparing TS
with TS-II, while the proportion of sites having mean speed in the range of >20–25 mph
remains the same (47%), we see that the proportion of sites with mean speed in the range
of >25–30 mph decreases in TS-II, as for 3% of sites (i.e., a single site) in TS-II, the mean
speed belongs to an even higher speed range, i.e., the >30–35 mph. Overall, this analysis
shows that when the 24 mph threshold is in place, the majority of sites have mean speeds
belonging to lower speed ranges, and in particular, to the >20–25 mph range.

Table 3. Mean and 85th percentile speed range for TS–TS-III.

Speed Band
(mph)

TS TS-I TS-II TS-III

Mean
Speed (%)

85th
Percentile
Speed (%)

Mean Speed
(%)

85th
Percentile
Speed (%)

Mean Speed
(%)

85th
Percentile
Speed (%)

Mean Speed
(%)

85th
Percentile
Speed (%)

0–20 - - - - - - 3.3 -

>20–25 47.0 - 53.0 3.0 47.0 - 53.3 3.3

>25–30 53.0 34.0 47.0 44.0 50.0 44.0 40.1 50.1

>30–35 - 63.0 - 50.0 3.0 53.0 3.3 43.3

>35–40 - 3.0 - 3.0 - 3.0 - 3.3

Also, Table 3 shows that TS-I (24 mph TS threshold) seems to outperform the TS
(28 mph threshold) and TS-II (35 mph threshold), in terms of reducing the proportions of
sites with 85th percentile speed in high-speed ranges. However, when comparing TS-III
with the TS-I, no major differences are observed. As far as the mean speed is concerned, all
the sites during the TS-I had mean speeds lower than 30 mph, whereas in TS-III there was a
single site with mean speed in the high range >30–35 mph. Pertaining to the 85th percentile
speeds, the distribution of sites across all speed bands is quite similar between TS-I and TS-
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III, with the latter having slightly more sites in the >25–30 mph instead of the >30–25 mph
range. Overall, the 24 mph TS threshold is associated with the lowest proportion of sites
with high mean speeds; in addition, the lowest proportions of high 85th percentile speeds
are identified when the 24 mph and the repeat 28 mph threshold were in place.

3.3. Analysis of Mean and 85th Percentile Speed by Site

Comparing the mean and the 85th speeds across the 30 sites where the VAS were
installed and activated with different TS settings, Figure 3 shows that mean speeds are
very close (in magnitude) across all survey waves. In some cases (e.g., sites 5 and 6), mean
speeds in TS are evidently lower than TS-I, TS-II, and TS-III, whereas in some other cases
(e.g., 28 and 29) speeds are evidently lower in TS-I, TS-II, and TS-III compared to TS.

The trend is a little clearer in Figure 4, which provides a visual comparison of the
85th percentile across all sites. It is evident that 85th percentile speeds in TS-I (Survey 2), TS-
II (Survey 3), and TS-III (Survey 4) are slightly lower compared to TS for the vast majority
of sites.
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Figure 3. Mean speed of each site across survey waves 1, 2, 3, and 4.
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Table 4 shows the mean speed difference for each site between Survey 1 and 2, Survey
1 and 3, and Survey 1 and 4. The speed differences observed in Table 4 corroborate with
the findings drawn from Figures 3 and 4.

Table 4. Mean speed differences across all survey waves.

Site No Survey 1 Survey 2 Speed Diff S1
and S2 Survey 3 Speed Diff S1

and S3 Survey 4 Speed Diff S1
and S4

1 24.10 24.00 0.10 24.30 −0.20 23.80 0.30

2 25.40 25.60 −0.20 25.70 −0.30 25.50 −0.10

3 24.70 24.80 −0.10 25.00 −0.30 24.60 0.10

4 25.50 25.90 −0.40 25.90 −0.40 23.90 1.60

5 23.00 24.10 −1.10 24.40 −1.40 24.60 −1.60

6 21.20 23.70 −2.50 23.80 −2.60 23.50 −2.30

7 24.00 24.30 −0.30 24.40 −0.40 24.00 0.00

8 26.50 26.90 −0.40 26.30 0.20 26.10 0.40

9 25.90 26.50 −0.60 26.00 −0.10 26.50 −0.60

10 25.40 24.90 0.50 25.10 0.30 24.40 1.00

11 25.10 25.90 −0.80 26.30 −1.20 26.20 −1.10

12 24.80 24.50 0.30 24.60 0.20 25.00 −0.20

13 29.90 29.30 0.60 30.20 −0.30 30.10 −0.20

14 27.20 27.00 0.20 26.60 0.60 26.60 0.60

15 24.80 24.50 0.30 24.80 0.00 24.70 0.10

16 24.00 23.40 0.60 23.50 0.50 23.60 0.40

17 24.70 24.80 −0.10 24.80 −0.10 24.40 0.30

18 24.00 24.00 0.00 23.80 0.20 24.00 0.00

19 26.00 26.00 0.00 26.00 0.00 25.70 0.30

20 23.30 23.70 −0.40 23.50 −0.20 23.80 −0.5

21 26.50 26.40 0.10 26.10 0.40 25.80 0.70

22 25.80 26.20 −0.40 26.20 −0.40 25.90 −0.10

23 25.60 25.80 −0.20 26.30 −0.70 25.60 0.00

24 25.40 25.50 −0.10 26.00 −0.60 25.50 −0.10

25 26.00 25.70 0.30 26.30 −0.30 25.80 0.20

26 25.20 25.00 0.20 25.30 −0.10 25.20 0.00

27 24.60 25.00 −0.40 25.10 −0.50 24.30 0.30

28 25.80 25.40 0.40 24.80 1.00 24.50 1.30

29 23.10 22.20 0.90 22.40 0.70 21.40 1.70

30 20.80 20.60 0.20 21.60 −0.80 18.70 2.10

Figure 5 presents a broad, graphical overview of absolute and relative changes in
mean speed between Survey 1 (TS) and Survey 2 (TS-I). Figure 6 similarly presents a
comprehensive graphical illustration of absolute and relative changes in mean speed
between Survey 1 (TS) and Survey 3 (TS-II), while a detailed graphical overview of absolute
and relative changes in mean speed between Survey1 (TS) and Survey 4 (TS-III) is presented
in Figure 7. In these Figures, the left vertical axis shows the absolute difference of mean
speed between the two surveys considered (i.e., mean speed in Survey 1–mean speed in
Survey 2 for Figure 5, mean speed in Survey 1–mean speed in Survey 3 for Figure 6, and
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mean speed in Survey 1–mean speed in Survey 4 for Figure 7) for each site. While the
right vertical axis illustrates the relative difference of mean speed between Survey 1 and
Survey 2 in Figure 5 (i.e., [mean speed in Survey 1–mean speed in Survey 2]/[mean speed
in Survey 1]) and between Survey 1 and Survey 3 in Figure 6 (i.e., [mean speed in Survey
1–mean speed in Survey 3]/[mean speed in Survey 1]), also, between Survey 1 and Survey
4 in Figure 7 (i.e., [mean speed in Survey 1–mean speed in Survey 4]/[mean speed in
Survey 1]).

Safety 2024, 10, x FOR PEER REVIEW 11 of 22 
 

 

Overall, Figure 5 shows that for the vast majority of sites, the change in the mean 
speed between TS (28 mph threshold) and TS-I (24 mph threshold) lies within the range 
of −2% and 2%. This is consistent with the findings of the descriptive analysis as well as 
those of Figure 3, which suggested marginal differences in mean speeds between TS and 
TS-I. Figure 6 suggests that the mean speed differences between TS (28 mph threshold) 
and TS2 (35 mph threshold) are still marginal, but in a few cases a bit more pronounced 
compared to the corresponding speed differences observed in Figure 5. While Figure 7 
shows that for most sites the mean speed difference between TS (28 mph threshold) and 
TS-III is between 0% and 10%. Overall, more instances of slight speed increases are ob-
served in TS-II compared to TS-I. 

 
Figure 5. Speed change between TS and TS-I. 

 
Figure 6. Speed change between TS and TS-II. 

-14.00%

-12.00%

-10.00%

-8.00%

-6.00%

-4.00%

-2.00%

0.00%

2.00%

4.00%

6.00%

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

20.8 23 23.3 24 24.1 24.7 24.8 25.1 25.4 25.4 25.6 25.8 26 26.5 27.2

%
 re

du
ct

io
n 

in
 m

ea
n 

sp
ee

d 

Re
du

ct
io

n 
in

 m
ea

n 
sp

ee
d 

(m
ph

)

Mean speed TS (mph)

Speed change between TS and TS-I

Change %age change Linear (%age change)

-14.00%

-12.00%

-10.00%

-8.00%

-6.00%

-4.00%

-2.00%

0.00%

2.00%

4.00%

6.00%

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

20.8 23 23.3 24 24.1 24.7 24.8 25.1 25.4 25.4 25.6 25.8 26 26.5 27.2

%
 re

du
ca

tio
n 

in
 m

ea
n 

sp
ee

d

Re
du

ct
io

n 
in

 sp
ee

d 
(m

ph
)

Mean speed TS (mph)

Speed change between TS and TS-II 

Change %age change Linear (%age change)

Figure 5. Speed change between TS and TS-I.
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Figure 6. Speed change between TS and TS-II.
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Figure 7. Speed change between TS and TS-III.

Overall, Figure 5 shows that for the vast majority of sites, the change in the mean
speed between TS (28 mph threshold) and TS-I (24 mph threshold) lies within the range of
−2% and 2%. This is consistent with the findings of the descriptive analysis as well as those
of Figure 3, which suggested marginal differences in mean speeds between TS and TS-I.
Figure 6 suggests that the mean speed differences between TS (28 mph threshold) and TS2
(35 mph threshold) are still marginal, but in a few cases a bit more pronounced compared
to the corresponding speed differences observed in Figure 5. While Figure 7 shows that
for most sites the mean speed difference between TS (28 mph threshold) and TS-III is
between 0% and 10%. Overall, more instances of slight speed increases are observed in
TS-II compared to TS-I.

3.4. Stistical Analysis of Vehicle Speeds

Both non-parametric (Wilcoxon signed-rank tests) and parametric (t-tests) statistical
tests were deployed to determine the statistical significance of differences in key speed
metrics between TS (Survey 1) and TS-I (Survey 2), TS (Survey 1), and TS-II (Survey 3) and
TS (Survey 1) and TS-III (Survey 4).

3.4.1. Wilcoxon Signed-Rank Tests

Wilcoxon signed-rank tests were conducted to identify the most effective TS threshold
between TS-I, TS-II, and TS-III, since TS serves as the benchmark. This was achieved
by utilizing the non-parametric structure of the test devoid of any assumption about
the distribution of data that are being compared; the same test was also deployed for
speed variation evaluation in previous studies [5]. The comprehensive results of the
Wilcoxon Signed-Rank test (including the mean rank and sum of ranks) are presented in
Table 5. The outcomes show that there is no statistically significant speed difference in
aggregate mean speeds between TS and TS-I (p-value = 0.568), whereas there is marginal
evidence of statistical significance of differences in aggregate mean speeds between TS
and TS-II at a 90% level of confidence (p-value = 0.10). Also, there is no evidence of
statistical significance of differences in aggregate mean speeds between TS and TS-III
(p-value = 0.18). In contrast, the differences in 85th percentile speeds between TS and
TS-I were identified as statistically significant at a greater than 99% level of confidence
(p-value = 0.007), whereas the differences in 85th percentile speeds between TS and TS-II
were also statistically significant at a 94% level of confidence (p-value = 0.06). Also, the
differences in 85th percentile speeds between TS and TS-III were statistically significant
at a 99% level of confidence (p-value = 0.01). These outcomes support the findings of the
descriptive analysis, as discussed earlier.
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Table 5. Results of the Wilcoxon signed rank tests on vehicle speeds.

“TS” vs. “TS-I” Comparison

Wilcoxon Signed Rank Test N Mean Rank Sum of Ranks

Survey 2 (“TS-I”)
speed–Survey
1(“TS”) speed

Sites with speed decrease 13 13.69 178.00

Sites with speed increase 15 15.20 228.00

Ties 2

Total 30

“TS” vs. “TS-II” Comparison

Wilcoxon Signed Rank Test N Mean Rank Sum of Ranks

Survey 3 (“TS-II”)
speed–Survey
1(“TS”) speed

Sites with speed decrease 9 14.56 131.00

Sites with speed increase 19 14.47 275.00

Ties 2

Total 30

“TS” vs. “TS-III” Comparison

Wilcoxon Signed Rank Test N Mean Rank Sum of Ranks

Survey 4 (“TS-III”)
speed–Survey
1(“TS”) speed

Sites with speed decrease 13 16.38 213.00

Sites with speed increase 16 13.88 222.00

Ties 1

Total 30

3.4.2. Paired Sample t-Tests

To identify the most effective TS threshold, vehicle speeds at the most disaggregated
level were statistically evaluated utilizing paired sample t-tests per each individual site
included in the VAS intervention. Nearly three million observations accrued from TS
(Survey 1) to TS-III (Survey 4) were used as the sample size for the t-test analysis. An
abundance of paired t-tests were carried out, corresponding to different pairs of the TS
settings that were in place across the different survey waves.

More specifically, a series of 240 statistical tests were carried out using individual
vehicle speeds at the most disaggregated level. A first set of 60 t-tests were conducted
for each specific site of this study comparing TS versus TS-I, and TS versus TS-II. The
comprehensive outcomes of all the t-tests are presented in Appendix A. A little more than
83% of sites yield statistically significant speed differences with a greater than 99% level of
confidence when comparing TS versus TS-II. Exactly 80% of sites resulted in statistically
significant speed differences when comparing TS versus TS-I. Out of these sites, more than
half exhibited statistically significant speed reductions in TS-I (compared to TS), whereas
for the rest, we observed slightly lower speeds in TS. The second set of 180 t-tests were
conducted for each specific site of this study comparing TS versus TS-III, TS-I versus TS-
III and TS-II versus TS-III. About 67% of sites resulted in statistically significant speed
differences with a greater than 99% level of confidence when comparing TS versus TS-III,
while nearly 24% of sites yield statistically insignificant speed differences. Comparing TS-I
with TS-III, about 87% of sites resulted in statistically significant speed differences. Also,
comparing TS-II versus TS-III, about 87% of sites resulted in statistically significant speed
differences, while approximately 13% of sites each resulted in not statistically significant
speed differences.

Overall, the combination of the results of these tests show that the overall speed
differences observed across cases with different VAS trigger speed settings may not be
that pronounced; however, there is significant evidence of statistically observable speed
differences, mostly associated with the vehicles travelling at higher percentile speeds at
each site.
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4. Policy Implications and Conclusions
4.1. Summary of Findings

This study aimed to investigate the effectiveness of different trigger speeds for VAS
on roads with 20 mph speed limit in predominantly rural settlements. To that end, speed
and traffic data from the Scottish Borders area were collected across four survey waves
corresponding to different speed thresholds above the speed limit, at which the actual
speed of the driver is not displayed on the VAS any longer and a warning message is
communicated to the drivers. In summary, slightly lower mean speeds are observed in
cases where the TS threshold (28 mph) is set close to the 85th percentile speed, whereas
when the TS threshold is set close to a typical speed enforcement threshold (24 mph), the
85th percentile speed seem to be lower. In summary, the outputs of the descriptive and
statistical analysis of the speed and traffic data provide evidence on the following:

• Overall, the 24 mph TS threshold for the VAS seems to be more effective compared
to the other TS settings considered in this study, mainly in terms of reducing the
85th percentile speeds. When the specific TS value is in place, the vast majority of
vehicles have upper speeds close to 24 mph, which is a typical enforcement threshold
according to the ACPO guidance.

• Mean speeds between all tested TS thresholds exhibit marginal differences, with
slightly increasing trends being observed for 24 mph and 35 mph.

• Aggregate differences in mean speeds are not statistically significant when the 28 mph
is compared with the 24 mph; whereas the differences are–marginally–statistically
significant when the 28 mph is compared with the 35 mph.

• A slight reduction in 85th percentile speeds is found when the 24 mph TS threshold
is in place. This reduction is statistically observable at high confidence levels. The
figures of the 85th percentile speed statistics for the 28 mph TS threshold are mixed
and require further investigation.

• Standard deviations of speeds were relatively lower in TS-I and TS-II compared to
TS, thus suggesting more homogeneous speed patterns with 24 mph and 35 mph TS
thresholds, respectively.

As a last note, the major limitation in this study is that the number of sites is smaller
as compared to previous speed limit evaluations; this is because the deployment of VAS at
a large scale is a resource-demanding process. Notably, all the observed speed differences
are quite marginal, so further evidence is required to be obtained by more extensive studies
in the future. Other controlling factors (e.g., traffic context, site-specific characteristics,
seasonal variations, etc.) should be also further investigated while comparing the mean
and 85th percentile speeds for different TS settings. As such, these findings should be
interpreted with caution. Future research could consider the expansion of the study
by including more sites and longer periods of data collection as well as by considering
additional trigger speed metrics; the latter can be either lower than 24 mph or within the
range of 24 and 28 mph, as both values were identified as most likely to have observable
associations with different dimensions of traffic speeds. In addition, future research should
potentially focus on the impact of seasonal variations (e.g., holiday vs non-holiday periods),
as the characteristics of the ambient traffic environment may vary across different periods.
Furthermore, future endeavours could also encompass information for more controlling
factors, such as vehicle- or driver-specific characteristics.

4.2. Policy Implications and Future Work

In the context of previous widespread application of 20 mph speed limits across almost
all SBC settlements, this study provides new insights into how the setting of TS for VAS can
assist with speed selection and driver behaviour alongside 20 mph speed limits. National
and international evidence from the introduction 20 mph and 30 kmph in place of 30 mph
and 50 kmp/h speed limits shows significant reductions in mean and 85th percentile speed
but still a significant percentage of drivers at speeds over 24 mph (39 kmp/h). Setting a
TS to remind drivers, especially when driving between 21–24 mph, that they should slow
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down appears to result in further reductions in speeds driven. The finding that the 24 mph
TS results in slight reductions of the 85th percentile speeds, especially when compared
with the benchmark TS, is potentially interesting, considering that the 85th percentile speed
represents the speed that is chosen by the vast majority of drivers in light of the prevailing
traffic and road conditions. Further speed reductions can provide road safety benefits both
from the reduction in kinetic energy in the transport system, any consequent outcome of
crashes, greater crash avoidance potential, and also in improving perceived safety for all
who use and live close by to roads where 20 mph speed limits augmented with VAS have
been implemented.

As with the introduction of 20 mph speed limits, early evidence of positive change
towards lower speeds driven is encouraging. However, there remains a need to keep abreast
of changes in driver behaviour over time. It may be that all or some drivers who regularly
travel across the SBC area may be less influenced by these VAS over time. Alternatively, it
could lead to a change to sustained longer term lower speeds driven as a consequent of
the introduction of VAS. These are currently hypothetical questions to be explored over a
longer time period than reported here.

As a coda, research from demand management interventions, not least the Sustainable
Travel Towns project (2004–2009), found that the more sustainable travel interventions
implemented within a set geographic area, the greater the likelihood of positive behaviour
change [20]. TRL researchers noted the synergetic effects of multiple interventions increased
the positive impacts. They also noted a possible ‘network effect’ whereby sufficient inter-
ventions on routes form networks. As they also noted, this might be considered a ‘whole
systems’ effect and this may be applicable to SBC given the widespread implementation
of 20 mph, which has laid the foundations for additional interventions to help create just
such a whole systems effect. Such thinking is commonly applied in public health research
as ‘systems thinking’ and is starting to be applied in the road transport sector. Thus, it
is suspected that beyond the introduction of widespread 20 mph speed limits and VAS
signs across SBC area there may also be other interventions which can help further shift a
greater number of drivers towards the 20 mph speed limit compliance. This may include
psychological traffic calming measures such as centre line removal [22] from appropriate
roads, edge-lines and other low-cost physical or perceptual measures featuring technologi-
cal innovation (e.g., new-age high-visibility crosswalks [27] or perceptual traffic calming
based on Internet-of-Things technology [31], AI methods [32], smart environments [33], or
infrastructure-to-vehicle communications [34]).
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Appendix A

Table A1. Results of the t-tests per each site across TS, TS-I and TS-II.

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

TS TS-I TS-II TS TS-I TS-II TS TS-I TS-II TS TS-I TS-II TS–TS-I TS–TS-II TS–TS-I TS–TS-II

01 Innerleithen Road, Peebles 54,184 49,383 59,747 24.12 23.96 24.33 5.31 4.36 4.31 0.0228 0.0196 0.0176 5.29 −7.34 0.000 0.000

02 Preston 11,387 12,058 10,733 25.44 25.59 25.72 4.99 4.49 4.67 0.0468 0.0409 0.0451 −2.45 −4.32 0.014 0.000

03 High Street, Ayton 10,730 9333 9052 24.68 24.82 25.03 5.41 5.15 5.02 0.0522 0.0533 0.0528 −1.89 −4.73 0.059 0.000

04 Lilliesleaf 4162 4370 4263 25.52 25.95 25.95 6.67 5.82 5.77 0.1034 0.0880 0.0884 −3.13 −3.13 0.002 0.002

05 Heiton 1260 29,653 29,310 2.98 24.13 24.39 9.36 4.07 3.98 0.2638 0.0236 0.0232 −79.84 −80.84 0.000 0.000

06 Pirn Road, Innerleithen 38,851 34,716 32,946 21.19 23.73 23.84 5.42 5.40 5.51 0.0275 0.0290 0.0303 −63.49 −64.74 0.000 0.000

07 Lauder north 54,900 48,883 42,743 23.95 24.26 24.40 4.80 4.66 4.61 0.0205 0.0211 0.0223 −10.38 −14.78 0.000 0.000

08 Broughton 10,208 8519 7077 26.49 26.85 26.29 6.51 6.33 6.43 0.0644 0.0686 0.0764 −3.84 1.96 0.000 0.050

09 Duns Road, Coldstream 7260 6876 6960 25.95 26.48 25.96 6.37 6.43 6.51 0.0748 0.0776 0.0780 −4.90 −0.12 0.000 0.901

10 East End, Earlston 18,603 19,817 21,664 25.45 24.86 25.09 4.84 4.70 4.94 0.0355 0.0334 0.0336 11.97 7.37 0.000 0.000

11 Eddleston north 42,279 41,259 40,779 25.08 25.91 26.27 5.43 5.35 5.13 0.0264 0.0263 0.0254 −22.04 −32.36 0.000 0.000

12 Eddleston north 42,002 41,567 39,637 24.77 24.50 24.63 5.22 5.04 4.91 0.0255 0.0247 0.0246 7.52 3.85 0.000 0.000

13 Gattonside east 10,994 11,189 11,959 29.85 29.30 30.17 6.82 6.28 5.78 0.0650 0.0594 0.0529 6.29 −3.76 0.000 0.000

14 Gattonside east 13,002 12,769 12,353 27.19 27.03 26.59 5.30 4.75 4.99 0.0465 0.0420 0.0449 2.58 9.31 0.010 0.000

15 Station Road, Duns 26,796 29,309 26,507 24.79 24.54 24.79 4.57 4.12 4.28 0.0279 0.0241 0.0263 6.98 0.06 0.000 0.950

16 Station Road, Duns 27,876 30,618 28,206 24.02 23.41 23.49 5.52 5.21 5.65 0.0331 0.0298 0.0337 13.61 11.11 0.000 0.000

17 Ancrum 3515 2884 2977 24.74 24.75 24.78 6.22 5.76 5.60 0.1049 0.1073 0.1026 −0.06 −0.26 0.952 0.794

18 Ancrum 3469 2938 3095 23.98 23.96 23.76 5.83 5.39 5.07 0.0990 0.0994 0.0910 0.12 1.63 0.902 0.104

19 Dean Road, Newstead 3004 3136 2989 25.99 26.00 26.00 6.09 5.62 5.48 0.1110 0.1003 0.1003 −0.05 −0.04 0.957 0.969

20 Dean Road, Newstead 2941 3521 3011 23.32 23.66 23.52 7.44 6.10 6.50 0.1371 0.1028 0.1184 −1.99 −1.10 0.046 0.271

21 Stow north 26,380 29,137 25,153 26.45 26.35 26.08 5.88 5.43 5.72 0.0362 0.0318 0.0361 2.06 7.34 0.039 0.000

22 Stow north 26,435 27,128 25,198 25.85 26.25 26.22 5.48 5.49 5.59 0.0337 0.0333 0.0352 −8.42 −7.62 0.000 0.000

23 Lauder south 48,322 44,555 40,202 25.57 25.81 26.33 5.60 5.42 5.53 0.0255 0.0257 0.0276 −6.86 −20.31 0.000 0.000

24 Lauder south 48,764 46,927 44,000 25.36 25.45 26.00 5.18 4.74 4.63 0.0234 0.0219 0.0221 −2.82 −19.87 0.005 0.000
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Table A1. Cont.

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

TS TS-I TS-II TS TS-I TS-II TS TS-I TS-II TS TS-I TS-II TS–TS-I TS–TS-II TS–TS-I TS–TS-II

25 Denholm east 29,812 30,696 29,004 25.99 25.70 26.29 6.12 5.64 5.76 0.0354 0.0322 0.0338 6.14 −6.14 0.000 0.000

26 Denholm east 30,350 29,608 28,553 25.22 25.00 25.31 5.26 5.05 4.90 0.0302 0.0293 0.0290 5.21 −2.13 0.000 0.033

27 Chirnside west 20,982 20,879 19,947 24.61 25.01 25.05 5.16 4.90 4.67 0.0356 0.0339 0.0330 −8.17 −9.07 0.000 0.000

28 Chirnside west 20,719 23,204 20,073 25.81 25.43 24.77 5.74 4.83 5.04 0.0399 0.0317 0.0356 7.33 19.30 0.000 0.000

29 The Loan, Hawick 26,436 28,309 23,542 23.08 22.15 22.42 4.60 4.26 4.61 0.0283 0.0253 0.0300 24.48 16.00 0.000 0.000

30 The Loan, Hawick 23,488 22,794 22,318 20.82 20.58 21.58 4.43 4.37 4.55 0.0289 0.0290 0.0304 5.74 −18.16 0.000 0.000

SD–Standard Deviation, SE–Standard Error, t-stat–t Statistic.

Table A2. Results of the t-tests per each site across TS, TS-I and TS-III.

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

TS TS-I TS-III TS TS-I TS-III TS TS-I TS-III TS TS-I TS-III TS–TS-III TS-I–TS-III TS–TS-III TS-I–TS-III

01 Innerleithen Road, Peebles 54,184 49,383 54,602 24.12 23.96 23.80 5.31 4.36 4.61 0.0228 0.0196 0.0197 10.46 5.63 0.000 0.000

02 Preston 11,387 12,058 10,903 25.44 25.59 25.48 4.99 4.49 5.02 0.0468 0.0409 0.0481 −0.62 1.75 0.534 0.080

03 High Street, Ayton 10,730 9333 10,303 24.68 24.82 24.63 5.41 5.15 5.17 0.0522 0.0533 0.0509 0.72 2.62 0.473 0.009

04 Lilliesleaf 4162 4370 4709 25.52 25.95 23.94 6.67 5.82 5.23 0.1034 0.0880 0.0762 12.29 17.21 0.000 0.000

05 Heiton 1260 29,653 26,737 2.98 24.13 24.56 9.36 4.07 4.49 0.2638 0.0236 0.0274 −81.36 −11.93 0.000 0.000

06 Pirn Road, Innerleithen 38,851 34,716 34,775 21.19 23.73 23.52 5.42 5.40 5.62 0.0275 0.0290 0.0301 −57.05 5.02 0.000 0.000

07 Lauder north 54,900 48,883 52,945 23.95 24.26 23.98 4.80 4.66 4.54 0.0205 0.0211 0.0197 −0.82 9.77 0.412 0.000

08 Broughton 10,208 8519 8630 26.49 26.85 26.13 6.51 6.33 6.22 0.0644 0.0686 0.0669 3.88 7.54 0.000 0.000

09 Duns Road, Coldstream 7260 6876 6129 25.95 26.48 26.47 6.37 6.43 7.10 0.0748 0.0776 0.0908 −4.46 0.03 0.000 0.979

10 East End, Earlston 18,603 19,817 24,116 25.45 24.86 24.44 4.84 4.70 4.60 0.0355 0.0334 0.0296 21.77 9.47 0.000 0.000

11 Eddleston north 42,279 41,259 42,553 25.08 25.91 26.23 5.43 5.35 5.48 0.0264 0.0263 0.0265 −30.50 −8.56 0.000 0.000

12 Eddleston north 42,002 41,567 45,292 24.77 24.50 24.98 5.22 5.04 5.15 0.0255 0.0247 0.0242 −6.05 −13.87 0.000 0.000

13 Gattonside east 10,994 11,189 13,092 29.85 29.30 30.09 6.82 6.28 6.95 0.0650 0.0594 0.0607 −2.66 −9.31 0.008 0.000

14 Gattonside east 13,002 12,769 13,648 27.19 27.03 26.63 5.30 4.75 5.06 0.0465 0.0420 0.0433 8.78 6.57 0.000 0.000

15 Station Road, Duns 26,796 29,309 28,255 24.79 24.54 24.71 4.57 4.12 4.34 0.0279 0.0241 0.0258 2.33 −4.78 0.020 0.000
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Table A2. Cont.

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

TS TS-I TS-III TS TS-I TS-III TS TS-I TS-III TS TS-I TS-III TS–TS-III TS-I–TS-III TS–TS-III TS-I–TS-III

16 Station Road, Duns 27,876 30,618 31,634 24.02 23.41 23.62 5.52 5.21 5.03 0.0331 0.0298 0.0283 9.20 −5.01 0.000 0.000

17 Ancrum 3515 2884 3236 24.74 24.75 24.38 6.22 5.76 5.56 0.1049 0.1073 0.0977 2.56 2.59 0.011 0.010

18 Ancrum 3469 2938 3394 23.98 23.96 23.97 5.83 5.39 5.20 0.0990 0.0994 0.0893 0.04 −0.09 0.966 0.931

19 Dean Road, Newstead 3004 3136 3226 25.99 26.00 25.75 6.09 5.62 5.54 0.1110 0.1003 0.0976 1.66 1.81 0.098 0.071

20 Dean Road, Newstead 2941 3521 3219 23.32 23.66 23.82 7.44 6.10 5.61 0.1371 0.1028 0.0989 −2.97 −1.13 0.003 0.259

21 Stow north 26,380 29,137 27,763 26.45 26.35 25.79 5.88 5.43 5.57 0.0362 0.0318 0.0334 13.49 12.25 0.000 0.000

22 Stow north 26,435 27,128 28,259 25.85 26.25 25.86 5.48 5.49 5.19 0.0337 0.0333 0.0309 −0.34 8.44 0.732 0.000

23 Lauder south 48,322 44,555 44,868 25.57 25.81 25.55 5.60 5.42 5.56 0.0255 0.0257 0.0262 0.43 7.18 0.670 0.000

24 Lauder south 48,764 46,927 44,653 25.36 25.45 25.50 5.18 4.74 5.04 0.0234 0.0219 0.0238 −4.10 −1.44 0.000 0.151

25 Denholm east 29,812 30,696 31,096 25.99 25.70 25.79 6.12 5.64 5.87 0.0354 0.0322 0.0333 4.15 −2.00 0.000 0.046

26 Denholm east 30,350 29,608 30,466 25.22 25.00 25.20 5.26 5.05 4.96 0.0302 0.0293 0.0284 0.56 −4.81 0.578 0.000

27 Chirnside west 20,982 20,879 22,631 24.61 25.01 24.26 5.16 4.90 4.61 0.0356 0.0339 0.0306 7.46 16.47 0.000 0.000

28 Chirnside west 20,719 23,204 22,203 25.81 25.43 24.53 5.74 4.83 5.04 0.0399 0.0317 0.0338 24.48 19.56 0.000 0.000

29 The Loan, Hawick 26,436 28,309 26,564 23.08 22.15 21.43 4.60 4.26 4.74 0.0283 0.0253 0.0291 40.65 18.66 0.000 0.000

30 The Loan, Hawick 23,488 22,794 23,376 20.82 20.58 18.69 4.43 4.37 5.33 0.0289 0.0290 0.0349 46.99 41.78 0.000 0.000

SD–Standard Deviation, SE–Standard Error, t-stat–t Statistic.

Table A3. Results of the t-tests per each site between TS-II and TS-III.

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

TS-II TS-III TS-II TS-III TS-II TS-III TS-II TS-III TS-II–TS-III TS-II–TS-III

01 Innerleithen Road, Peebles 59,747 54,602 24.33 23.80 4.31 4.61 0.0176 0.0197 19.92 0.000

02 Preston 10,733 10,903 25.72 25.48 4.67 5.02 0.0451 0.0481 3.63 0.000

03 High Street, Ayton 9052 10,303 25.03 24.63 5.02 5.17 0.0528 0.0509 5.50 0.000

04 Lilliesleaf 4263 4709 25.95 23.94 5.77 5.23 0.0884 0.0762 17.18 0.000

05 Heiton 29,310 26,737 24.39 24.56 3.98 4.49 0.0232 0.0274 −4.68 0.000

06 Pirn Road, Innerleithen 32,946 34,775 23.84 23.52 5.51 5.62 0.0303 0.0301 7.58 0.000
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Table A3. Cont.

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

TS-II TS-III TS-II TS-III TS-II TS-III TS-II TS-III TS-II–TS-III TS-II–TS-III

07 Lauder north 42,743 52,945 24.40 23.98 4.61 4.54 0.0223 0.0197 14.26 0.000

08 Broughton 7077 8630 26.29 26.13 6.43 6.22 0.0764 0.0669 1.62 0.106

09 Duns Road, Coldstream 6960 6129 25.96 26.47 6.51 7.10 0.0780 0.0908 −4.28 0.000

10 East End, Earlston 21,664 24,116 25.09 24.44 4.94 4.60 0.0336 0.0296 14.44 0.000

11 Eddleston north 40,779 42,553 26.27 26.23 5.13 5.48 0.0254 0.0265 1.19 0.232

12 Eddleston north 39,637 45,292 24.63 24.98 4.91 5.15 0.0246 0.0242 −10.11 0.000

13 Gattonside east 11,959 13,092 30.17 30.09 5.78 6.95 0.0529 0.0607 0.97 0.331

14 Gattonside east 12,353 13,648 26.59 26.63 4.99 5.06 0.0449 0.0433 −0.69 0.489

15 Station Road, Duns 26,507 28,255 24.79 24.71 4.28 4.34 0.0263 0.0258 2.34 0.020

16 Station Road, Duns 28,206 31,634 23.49 23.62 5.65 5.03 0.0337 0.0283 −2.83 0.005

17 Ancrum 2977 3236 24.78 24.38 5.60 5.56 0.1026 0.0977 2.86 0.004

18 Ancrum 3095 3394 23.76 23.97 5.07 5.20 0.0910 0.0893 −1.67 0.095

19 Dean Road, Newstead 2989 3226 26.00 25.75 5.48 5.54 0.1003 0.0976 1.79 0.073

20 Dean Road, Newstead 3011 3219 23.52 23.82 6.50 5.61 0.1184 0.0989 −1.97 0.049

21 Stow north 25,153 27,763 26.08 25.79 5.72 5.57 0.0361 0.0334 5.89 0.000

22 Stow north 25,198 28,259 26.22 25.86 5.59 5.19 0.0352 0.0309 7.59 0.000

23 Lauder south 40,202 44,868 26.33 25.55 5.53 5.56 0.0276 0.0262 20.44 0.000

24 Lauder south 44,000 44,653 26.00 25.50 4.63 5.04 0.0221 0.0238 15.47 0.000

25 Denholm east 29,004 31,096 26.29 25.79 5.76 5.87 0.0338 0.0333 10.59 0.000

26 Denholm east 28,553 30,466 25.31 25.20 4.90 4.96 0.0290 0.0284 2.77 0.006

27 Chirnside west 19,947 22,631 25.05 24.26 4.67 4.61 0.0330 0.0306 17.57 0.000

28 Chirnside west 20,073 22,203 24.77 24.53 5.04 5.04 0.0356 0.0338 5.07 0.000

29 The Loan, Hawick 23,542 26,564 22.42 21.43 4.61 4.74 0.0300 0.0291 23.67 0.000

30 The Loan, Hawick 22,318 23,376 21.58 18.69 4.55 5.33 0.0304 0.0349 62.45 0.000

SD–Standard Deviation, SE–Standard Error, t-stat–t Statistic.
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