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Expected Effects of In-Service Road Safety Reviews

Richard Tay "', Surendra Mishra® and Alexandre G. de Barros’

1Faculty of Law and Management, La Trobe University, Melbourne, Victoria, 3086, Australia
2City of Edmonton, 9803-1024 Avenue, Edmonton, AB, T6J 343, Canada

Department of Civil Engineering, University of Calgary, Calgary, Alberta, T2N IN4, Canada

Abstract: Despite the popularity of in-service road safety review as an effective tool to identify the safety problems on
roads, there have been very few studies performed to gauge its benefits. This study analysed collision data on selected in-
service road safety review locations in Alberta to examine whether the reviews are associated with any reduction in
collisions on roads to provide policy makers with some evidence on which to base future investment decisions. Our results
showed that the expected reductions in collision are highly sensitive to the evaluation methodology used.
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INTRODUCTION

Road crashes are a major cause of deaths and serious
injuries in many countries. Around the world, about 1.2
million people are killed each year on the roads [1]. In the
United States, for example, there are more than 42,000
traffic fatalities a year and the annual social cost is estimated
at over $230 billion [1]. Similarly, about 3000 road users are
killed each year on Canadian roads, resulting in an estimated
social cost of about $25 billion [2]. Among the Canadian
provinces, Alberta has been experiencing an increase in the
number of traffic collisions over the last few years which is
in contrast to the decreasing trend for the whole country. For
example, there were 453 road deaths and 25,964 injuries in
2006 in the Province alone [3], resulting in an estimated
annual social cost of over $4.7 billion [4].

In a bid to improve road safety, the Province of Alberta
has set a goal to reduce the number of deaths and serious
injuries by 30% (Alberta Transportation, 2006b). In addition
to the education and enforcement efforts targeting speeding,
impaired driving and the use of seat belts, the Alberta Traffic
Safety Plan also identified improvements of the physical and
operational characteristics of existing roads as an effective
method of improving road safety [4]. One of the engineering
strategy in the plan calls for an increase use of a more pro-
active approach to identify highway related crash
contributing factors and to develop engineering measures to
mitigate the collision risks.

To find the magnitude of such problems and to take
necessary improvement measures, road safety audits and in-
service road safety reviews are increasingly being used.
These measures are gaining popularity worldwide in last
decade as a means to access the expected safety performance
of newly constructed roads as well as existing roads. Amid
the increasing popularity of such tools, the Transportation
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Association of Canada (TAC) has recently published two
guides to conducting road safety audits [5] and in-service
road safety reviews [6]. The Alberta Traffic Safety Plan has
also recommended maintaining the government’s
commitment to ongoing road safety audits and in-service
road safety reviews to improve road safety.

Despite the increasing use of such reviews and the
enormous amount of resources invested to improve safety on
Albertan roads, very few studies have been conducted to
examine the overall effectiveness of conducting these
reviews. Though there have been some studies around the
globe on the effectiveness of such reviews, these evaluations
[7-8] tend to focus on the success or failure of the
implemented recommendations and not on the impact of the
review itself. The decision to invest in the review however,
has to be based solely on the expected benefits of conducting
the review itself and not on the expected benefits of
implementing the individual recommendations from the
review. Hence, there is a strong need to look at the
effectiveness of such reviews in the aggregate level in order
to make proper use of economic resources in future. The
purpose of this paper is to examine the effectiveness of in-
service road safety reviews in Alberta to get an insight on
whether such reviews are, on average, expected to reduce the
number of collisions on roads. In addition, this study will
also examine the robustness of the result with respect to
different model specifications and evaluation methods used.

METHODOLOGY

The main approach used in this research was the three
year before-after study with comparison group analysis [9].
Collision data from 1999 to 2005 were obtained from
Alberta Transportation for 22 locations (treatment sites)
where in-service road safety reviews were conducted
between 2000 and 2002. Most of these locations were urban
and rural intersections in Alberta. In addition, crash data
were also collected for 37 potential comparison sites which
had similar design and traffic characteristics with the
treatment sites.
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The validity of before-after study with comparison group
analysis could be significantly affected by the selection of
suitable comparison sites. Note that part of the process for
selecting the comparison sites had to be qualitative and
subjective because some of the important attributes were
inherently qualitative in nature. Also, quantitative data on
some attributes might not be available. Care had been
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exercised in selecting the comparison sites which included a
detailed review of collision history, geometry, location and
traffic control. The treatment and possible comparison sites
that were considered for this research were listed in Table 1.
To complement the qualitative process, quantitative validity
tests were also conducted.

Table 1. List of Treatment and Possible Comparison Sites
SN Treatment Sites Location Possible Comparison Sites
. 36 St & 32 Ave NE
1 28 St & Memorial Dr SE Calgary
36 St & Memorial Dr SE
17 Ave & 7 St SW
2 17 Ave and 12 St SW Calgary
17 Ave & 9 St SW
Nosehill Dr & John Laurie Blvd
3 Nosehill Dr and Crowfoot Way Calgary
John Laurie Blvd & 53 St NW
Southland Dr & 24 St SW
4 Southland Dr and Bonaventure Dr Calgary
Southland Dr & Fairmount Dr SE
4 St & McKnight Blvd, NW
5 4 St & 40 Ave NW Calgary
4 St& 16 Ave NW
52 St & Memorial Dr SE
6 52 St & 17 Ave SE Calgary
36 St & 17 Ave SE
36 St & McKnight Blvd NE
7 52 St & McKnight Blvd NE Calgary
Barlow Trail & McKnight Blvd NE
68 St & 32 Ave NE
8 52 St & 32 Ave NE Calgary
Barlow Trail & 32 Ave NE
9 Scenic Dr & Crownest Trail Lethbridge Scenic Dr & Whoop Up Dr
3 Ave S & Scenic Dr
10 3rd Ave S & Stafford Dr Lethbridge
4 Ave S & Stafford Dr
6 Ave S & 13 St
11 3rd Ave S & 13 Street Lethbridge
3Ave S &5 St
16 Ave S & Mayor Magrath Dr
12 3 Ave S & Mayor Magrath Dr Lethbridge
20 Ave S & Mayor Magrath Dr
11 Ave S & 20 St
13 12 Ave S & 20th St Lethbridge
18 Ave N & 23 St
49 Ave & 50 St
14 49 Ave & 49 St Red Deer
49 Ave & 53 St
15 32 St & Taylor Dr Red Deer 32 St & 40 Ave
49 Ave & 45 St
16 49 Ave & 43 St Red Deer
40 Ave & 32 St
Ross St & 47 Ave
17 Ross St & 40 Ave Red Deer
Ross St & 43 Ave
Ross St & 39 Ave
18 Ross St and 38 Ave Red Deer
Ross St & 43 Ave
19 Bellerose Dr & Boudreau Rd St. Albert Sir Winston Churchill Ave & Boudreau Rd
20 Highway 43 & Kaybob Dr Highway 43 & Hospital Rd
21 Highway 9 & Highway 27 Highway 9 & Highway 21
22 Highway 1 & Highway 9 Highway 1 & Highway 791
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Validity Tests for Comparison Sites

The validity of a comparison site to the corresponding
treatment site was determined by the odds ratio test using
two approaches. The first approach followed the
methodology used by Hauer [9] while the second approach is
the modified Allsop method [10, 11]. Only those locations
that passed the validity tests using both approaches were
considered eligible for the comparison. The underlying
theory and assumptions behind each approach is described in
details as below.

The Hauer Approach

Consider the following notations for the treatment and
comparison groups as shown in Table 2.

Table2. Notations for Treatment and Comparison Groups
Treatment Comparison
Before Kk, x M, m, u
After L,1,A N,n, Vv

where (K, L, M, N) are the observed collisions, (k, I, m, n)
are the corresponding random variables, and (k,A,l,V) are
the corresponding expected values.

Assuming that the collisions follow a Poisson
distribution,
E(k)y=Var(k)y=x,E(l)=Var()=1, E(m)=Var(m)=u,
E(n)=Var(n)=v (D

K is an estimator of E(k)and Var(k), L is an estimator
of E(l)and Var(l) .

Let w be the expected counts on the treatment group that
would have occurred had the treatment not been applied and
i be the corresponding random variable, then

Ratio of the expected counts for the comparison group:

p=v @)
u

c

. . /4
Corresponding ratio for the treatment group: r, = — 3)
K

As the treatment and comparison group are assumed to
have similar characteristics,

Bl = an e __
=Tror—=1 4)
“

T=rTrxor® = 1K (5)

Although the treatment and comparison sites are assumed
to have similar characteristics, plentiful data have showed
that this argument is invalid, that is, the claim that 7, =7,
be a random variable which on different occasions takes
different values. This ratio is called odds ratio (@).

is not true. It is therefore necessary to consider (7. /77) to
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For a comparison group to be considered legitimate, it
must fulfil the requirement that the mean of odds ratios
equals to 1.

E{w} =1 (7

To ascertain whether this hypothesis holds true between
the treatment group and the corresponding comparison
group, historical time series data before the treatment are
used as the basis for the significance test. As the expression
for the odds ratio is not linear, unbiased estimators for the
mean and variance have to be determined [9]:
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(I):ﬁ(l+l+i) (8)
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For the data obtained from each treatment group and its
corresponding comparison groups, the following notation as
shown in Table 3 is used.

Table3. Time Series Data for Before and After Periods
Period No. of Col. in No. of Col. in
Treatment Group Comparison Group
1 K1 M1
2 Kz M2
p K, M,
ptl K, M,
P Kp Mp

Considering p as before period and p+1/ as after period,
the estimator for the average odds ratio for each period is
computed as

-1

~ M K

W :M[“—L-’_LJ (10)
M

The corresponding expected value and the variance of the
sample mean of the odds ratio (including the temporal effect
over the periods and the randomness of collision counts in
accordance with the Poisson distribution)) can be determined
by:

W=—- (11)

2 _L 1 < 72 _ _ 72
SW_P—I{(P—Z)[ —(P-1)W }} (12)

Assuming that the mean is normally distributed around 1
and considering a 95% confidence level, the lower and upper
limits for the mean odds ratio can be determined as
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Wtz  n

(13)

S
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where W=1,n=1 and Z,, =1.96 for 95% confidence
level. Hence, the comparison group is not considered to be a
good candidate if W <1— 1.96s; or W>1+ 1.96s, .

The Modified Allsop Approach

Similar to the Hauer approach, the odds ratio between
period p and period p+1 is defined as

((Mpﬂ % o )) (14)

To avoid negative probability as a result of large
variance, the logarithm transformation of the odds ratio can
be taken and the observed transformed variable for the
transition from period p to p+1 is defined as follows [12]:
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The corresponding mean and variance can be estimated

(15)

Y:Lif (16)
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Assuming that the sample mean is normally distributed
around /n(1) = 0, the limits for the 95% confidence level are

+1.96s,. A candidate is rejected if 17<—1.96s? or
Y >1.96s; .

0
=i

Index of Effectiveness

0=A/rm.

estimate 6 by §=A/7 . However, even if Aand 7 are

Index of effectiveness: It is common to

unbiased estimates of A and w, the ratio i/fr is biased
estimate of 8. Though the bias is often small, to remove it is
a worthwhile precaution [9]. An approximately unbiased
estimator for mean of the index of effectiveness is given by:

é:(i/ﬁ)/[l+§§/ﬁ2]—%/(1+;—’zj (18)
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(1 3 2

The results obtained from these calculations can be
interpreted as “after accounting for the sundry influences
which have changed from the ‘before’ to the ‘after’ period,

var{6}=3;

the treatment brought about a reduction of § collisions in the
study period” [9]. The standard deviation of this estimate is
§;. This amounts to a reduction of collisions by

100(1-6)% with a standard deviation of 1005, %.

Pooled Index of Effectiveness

Drawing conclusions by interpreting the results of
individual treatment sites may be misleading as the
interpretation of results might be blurred by the noise
associated with small samples in individual sites [13]. This
problem can be addressed by pooling the data. The pooled
index of effectiveness can be determined as follows [12]:

Mean of the pooled index of effectiveness:

-1

oo XLl 25
TS "

Variance of the pooled index of effectiveness:

oA

SUEAN (A b
Empirical Bayes Analysis

In order to correct the possible regression to mean bias,
Empirical Bayes method was used. Although the
development of unique collision prediction model was
desired in the EB method, such a model could not be
developed for this study due to the limited availability of
data. However, a literature search revealed some Alberta
based collision prediction models had been developed to
predict three year collision data in the intersections of
provincial highways of Alberta and the City of Calgary [14].
These models were used to predict three year collision data
for the treatment sites. Eight locations in Calgary and three
in provincial highways were eligible for use in these models.

The models, also called safety performance function
(SPF), used for this study had the general form given by:

u=a,*V *Vy> (22)
where  ay, a;, a, are regression parameters
V| is major road AADT
V, is minor road AADT

The regression parameters were estimated using the
Generalized Linear Interactive Modelling (GLIM) and
shown in Table 4.
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Table4. Regression Parameters for Collision Prediction
Models
Intersection Type ay a; a;
AIT Model (Provincial)
Rural Unsignalized ‘ 0.0048696 ‘ 0.07241 ‘ 0.8319
Calgary Model (Urban)

4-Legged Signalized ‘ 0.0005 ‘ 0.4755 ‘ 0.6326

Source: Hamilton-Finn [14]

Since AADT for the treatment sites were not available,
they were estimated from the peak hour volumes. The
relative weight was determined using the relation:

Weight (o) = m

where Y = number of years (3 years) which is already
included when calculating u

(23)

0<a<l1
Estimated expected collisions T = aE(X) + (1-0)X (24)
where E(X) is the expected collision on similar locations

X is the collisions at the treatment site

The collisions expected on similar locations is the three
year predicted collisions using the SPF:

w=a, VoV (25)

The standard deviation of the estimate of the expected
collision frequency was calculated as:

o = /(1-Weight)*x (26)

Ve

The index of effectiveness (6) = ﬁ
+o0° /1

27

where A = observed 3 year collisions in the after period
Relative difference in collision occurrence = 100(1- 6 ) %. (28)

In addition, to make the collision data comparable, all
severity levels were converted to equivalent property damage
only (EPDO) collisions. The conversion factor used was
suggested by PIARC [15]:

EPDO =1*PDO +3.5* INJURY +9.5* FATAL (29)
RESULTS

The odds ratio test results for the successful sites were
summarized in Table 5. Suitable comparison site could not
be found for the Highway 1 and Highway 9 intersection. The
only identified possible comparison site did not pass the
Modified Allsop test and hence was excluded from the
before-after collision analysis. The estimates of the indices
on the effectiveness of the in-service road safety reviews in
reducing collision were shown in Table 6. Since two year
before-after studies were relatively common, estimates using
two years of data were also provided as a comparison.

Tay et al.

The before-after analysis results showed that there was a
reduction in the number of collisions that was associated
with the in-service road safety reviews. The result, however,
depended on whether one chose to use the equivalent
property damage only collisions (EPDO) or just the total
number of collisions regardless of the severity. As one of the
purposes of this study was to compare the results obtained
from different methods, results obtained from both methods
would be discussed. As summarized in Table 6, for the
EPDO collisions, there was a reduction in collision in most
of the sites. Assuming a normal distribution, the
effectiveness of the treatment was tested at 95% confidence
level. The treatment was therefore deemed to be effective if

the collision reduction factor 6 was more than 1.645 8-

Despite the reduction in collision numbers, the treatment in
most of the locations could not be considered effective at the
95% confidence level. However, a few sites showed
significant reduction in collision.

To avoid the possible misinterpretation of the results that
might be blurred by the noise associated with the small
samples, pooled estimations were carried out. The results
showed that there was an overall reduction of 16.8% in the
three year collisions with the standard deviation of + 12%.
Somewhat similar results were obtained for the individual
treatment sites by using the collision figures without any
conversion to the EPDO values. There was an overall
reduction of 4.9% with a standard deviation of + 10% in the
total collisions in three year period which could be attributed
to the in-service road safety reviews. However, some of the
sites which were determined to have effective treatments
were no longer effective using this criterion. One possible
reason might be the higher number of injury collisions at
those sites, resulting in a large difference between the before
and after collision numbers in the case of EPDO values.

Two year before-after analysis was also performed
including some additional sites for which had only two year
before and after collision data. The results showed that there
was an overall collision reduction of 19% with the standard
deviation of 29% in the 2 year after period. Majority of the
treated sites experienced a reduction in the collision numbers
whereas only 5 out of 16 sites were considered to have
effective treatment at 95% confidence level. Compared to the
results of three year before-after study, the reduction in
collisions based on a two year after period was slightly
higher. The possible reasons could be either the third year in
the before period which was left out for 2 years study had
small number of collisions or the corresponding third year in
the after period had higher number of collisions as a result of
decreasing effects of the improvements made.

The results of Empirical Bayes method seemed to a bit
more different from the ones from before-after with
comparison. This result was logical because, as opposed to
before-after with comparison method, Empirical Bayes
compared the collisions with the average collisions from a
large sample of similar sites which made the average
collisions decrease in most cases, resulting in lower
predicted collisions on the treated sites. The precision of the
method, however, relied significantly on the selection of
proper safety performance function which in this case was



Expected Effects of In-Service Road Safety Reviews

The Open Transportation Journal, 2010, Volume 4 41

TableS. Odds Ratio Test Results
Hauer Approach Modified Allsop Approach
Year Odds Ratio Odds Ratio
SN Comparison Sites R of Mean Coni.idgnce Mean Coni.idgnce
eview Limit Limit
Result Result
w Lower | Upper w Lower | Upper

1 36 Street & 32 Avenue NE, Calgary 2002 1.386 0.059 1.941 Passed | 0.209 | -0.807 0.807 | Passed
2 17 Avenue & 9 Street SW, Calgary 2002 1.120 0.182 1.818 | Passed | 0.036 | -0.821 0.821 Passed
3 John Laurie Blvd. & 53 Street NW, Calgary 2002 1.353 0.115 1.885 Passed | 0.191 -0.810 0.810 | Passed
4 Southland Drive & Fairmount Drive SE, Calgary 2002 0.851 0.266 1.734 | Passed | -0.352 | -1.020 1.020 | Passed
5 4 Street & 16 Avenue NW, Calgary 2002 1.311 0.199 1.801 Passed | 0.234 | -0.766 0.766 | Passed
6 Scenic Drive & Whoop Up Drive, Lethbridge 2002 1.505 0.047 1.953 Passed | 0.504 | -0.557 0.557 | Passed
7 4th Avenue S & Stafford drive, Lethbridge 2002 1.019 0.373 1.627 | Passed | 0.034 | -0.717 0.717 | Passed
8 6th Avenue S & 13 Street, Lethbridge 2002 1.221 0.058 1.942 | Passed | 0.151 -0.731 0.731 Passed
9 16 Avenue S & Mayor Magrath Drive, Lethbridge 2002 1.331 0.182 1.818 | Passed | 0.262 | -0.741 0.741 Passed
10 18 Avenue N & 23 Street, Lethbridge 2002 0.764 0.401 1.599 | Passed | -0.132 | -0.683 0.683 Passed
11 49 (Gaetz) Avenue & 53 Street, Red Deer 2002 1.687 | -0.525 2.525 Passed | 0.378 | -1.094 1.094 | Passed
12 40 Avenue & 32 Street, Red Deer 2002 1.284 -0.218 2218 Passed | 0.074 -1.003 1.003 Passed
13 40 Avenue & 32 Street, Red Deer 2002 0.968 0.782 1.218 Passed | 0.056 -0.268 0.268 Passed
14 39 Street & 40 Avenue, Red deer 2002 0.884 0.610 1.390 Passed | -0.092 | -0.510 0.510 Passed
15 50 (Ross) Street & 43 Avenue, Red deer 2001 1.011 0.274 1.726 Passed | 0.218 -0.536 0.536 Passed
16 Sir Winston Churchill Ave & Boudreau Rd, St. Albert 2002 1.069 0471 1.529 Passed | 0.094 -0.533 0.533 Passed
17 Highway 43 & Hospital Road, Whitecourt 2002 0.772 0.186 1.814 | Passed | 0.008 | -2.154 2.154 | Passed
18 Highway 9 & 21 intersection, Beiseker 2002 1.326 | -0.337 2.337 | Passed | 0.086 | -0.631 0.631 Passed
19 52 Street & Memorial Drive SE, Calgary 2002 0.954 0.441 1.559 | Passed | -0.069 | -0.606 0.606 | Passed
20 Barlow Trail & McKnight Blvd NE, Calgary 2002 1.845 | -1.442 3442 | Passed | 0.339 | -1.599 1.599 | Passed
21 68 Street & 32 Ave NE, Calgary 2002 0.794 0.382 1.618 | Passed | -0.257 | -0.846 0.846 | Passed
22 Highway 1 & Highway 791 intersection 2002 0.817 0.019 1.981 Passed | 0.825 | -0.030 0.030 Failed

adopted from a study that was assumed to be relevant and
reasonably representative.

A different prediction model for the sites on Alberta
highways showed a reduction in the collisions compared to
the similar ones in the province. The reduction in collision
was higher in three year before after analysis compared to
the Empirical Bayes method. This indicated that the treated
sites had higher reduction in collisions than non-treated ones.

Additional Results

The log-ratio and chi-square tests were performed to
determine whether the reduction in collision numbers were
significant. Log ratio test results showed that the reduction in
collisions was significant in the case of EPDO collisions as
the ratio = -6.703 which was outside the range * 1.96 at 95%
confidence level. However, the same ratio for the case of
collisions without conversion was -1.626 which was within
the range * 1.96 indicating that the reduction in the collision
numbers in the treatment sites as compared to the
comparison sites was not significant at 95% confidence
level. The difference in results in the two cases indicated that
there were more injury collisions in the treatment sites in the

before period which increased the value of EPDO and hence
the difference between before and after collisions was much
higher as compared to the collision counts regardless of the
severity of collisions.

Similarly, the chi-square test results showed that in the
case of EPDO collisions, the y’value is 8.42 which

corresponded to a p-value of 0.006. This implied that there
was 0.6% likelihood that the change in collisions was due to
random fluctuation. In other words, there was 99.4% level of
confidence that the change in collisions occurred because of

the treatment. The y” value in the case of collisions without

conversion was 0.57 which corresponded to the significance
level of 73.4% indicating that the reduction in collisions was
not significant at 95% confidence level.

CONCLUSION

After completing the before-after study with comparison,
it was concluded that the sites where in-service road safety
reviews were performed had, in aggregate, experienced a
reduction in collisions. Results also showed that although the
outcomes in urban locations were mixed, all three rural
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Table 6. Comparison of Collision Reduction Using Various Methods
3 Year Before-After with Comparison 2 Year Before-After with Comparison Empirical
SN Treatment sites EPDO C(‘)Y]i:lel:sl;(tm EPDO C(‘)Yli:lel:sl;(tm Bayes
Individual | Overall | Individual | Overall | Individual | Overall | Individual | Overall

1 28 Street and Memorial Drive SE, Calgary 39.17% -4.64% 48.40% -37.11% -5.97%
2 17 Avenue and 12 Street SW, Calgary 20.19% 32.21% 44.41% 43.24% -39.16%
3 Nosehill Drive and Crowfoot Way, Calgary 18.00% 23.76% -4.25% -13.86% -7.41%
4 | Southland Drive and Bonaventure Drive, Calgary | 1.88% -24.75% 33.69% -8.38% -12.88%
5 4 Street & 40 Avenue NW, Calgary 25.75% 35.29% 22.34% 42.73% -19.20%
6 Scenic Drive and Crow nest Trail, Lethbridge 27.24% 56.72% 24.48% 58.29% n/a

7 3rd Avenue S and Stafford Drive, Lethbridge 22.16% 17.90% 29.74% 19.63% n/a

8 3rd Avenue S and 13 Street, Lethbridge 47.94% 44.45% 59.16% 65.49% n/a

9 | 3rd Ave S and Mayor MaGrath Dr, Lethbridge 49.08% 19.40% n/a 29.86% n/a

16.8% 4.9%

10 12 Avenue S and 20th Street, Lethbridge 31.66% 51.58% n/a 58.42% n/a

11 49 (Gaetz) Avenue and 49 Street, Red Deer 52.88% 31.23% 13.36% |19.00% | -24.33% . n/a
12 Taylor Drive and 32 Street, Red Deer 29.35% -19.82% 42.90% -12.73% 7% n/a
13 49 (Gaetz) Avenue and 43 Street, Red Deer -10.57% -31.01% 2.60% -47.21% n/a
14 50 (Ross) Street and 40 Avenue, Red Deer 25.11% 22.21% n/a 27.58% n/a
15 Ross Street and 38 Avenue, Red Deer 32.22% 42.94% 46.01% 51.09% n/a
16 Bellrose Drive & Boudreau Road, St. Albert 14.90% -14.54% 4.09% -7.13% n/a
17 Highway 43 & Kaybob Drive, Fox Creek 72.69% 60.61% n/a n/a 13.26%
18 Highway 9, 27 & 56 intersection 53.35% 42.31% n/a n/a 21.05%
19 52 Street & 17 Ave SE, Calgary n/a n/a n/a n/a -34.39% 8.47% -12.41%
20 52 Street & McKnight Blvd NE, Calgary n/a n/a n/a n/a 80.56% 65.72% -8.19%
21 52 Street & 32 Ave NE, Calgary n/a n/a n/a n/a -34.31% 4.59% -10.00%
22 Highway 1 & Highway 9 intersection n/a n/a n/a n/a n/a n/a 64.39% 4.96%

locations had benefited from the in-service road safety
reviews. This result might suggest that recommendations for
safety improvements were more likely to be adopted for
provincial highways. However, as the number of rural sites
used in this study was quite small, care should be exercised
in generalizing this result.

Both log ratio and chi-square tests showed consistent
results, implying that the results were reliable. As these tests
were non-parametric tests, they tended to have a lower
power than other parametric tests which required added
assumptions about the distributional properties of the
variables. It was very encouraging therefore to find a
statistically significant reduction in some of the locations and
at the aggregate level. These results showed that conducting
in-service safety review had a positive safety effect, on
average, regardless of whether the recommendations from
the reviews were adopted. The reductions might be due
simply to Hawthorne Effect (temporary change in behaviour
due to increased attention) or more permanent changes due
to the recommendations being implemented immediately in
some of the locations.

With respect to the robustness of the results due to
methodological changes, our analysis found that the
reduction was significant when considering equivalent
property damage only collisions and not significant when
non weighted total collision numbers were used, which
implied that there had been a reduction in the severity of
collisions in the after period. However, it was possible that
the results might change if different weights were used to
convert injury and fatal collisions to property damage only
collision. More research should therefore be conducted in the
future to determine the sensitivity of the results to different
weighting schemes.

The results of before-after study were compared with the
results from Empirical Bayes method. After correcting for
possible regression-to-mean bias, the results of Empirical
Bayes analysis showed that, unlike in the before-after
method, there was an increase in the collisions in most of the
Calgary intersections relative to the expected collisions
predicted by the safety performance function developed for
the Calgary. However, the safety performance function used
to predict the collisions were quite rudimentary and thus
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might have, to some extent, contributed to the difference in
the results.

More importantly, since there was a statistically
significant reduction in EPDO crashes, the results might
simply indicate that the modifications implemented were
mainly designed to reduce the severity of crashes. However,
the efforts to verify which, if any, of the recommendations
were actually implemented were not successful even after
contacting several of the transportation agencies involved.
Nevertheless, since the objective of this study was to
evaluate the effectiveness of the in-service road safety
reviews per se and not on the effectiveness of the
modifications, this concern was scope beyond of this study
to address.

In conclusion, the overall effect of the treatments done
after the in-service road safety reviews seem to be quite
positive towards improving road safety. Therefore, it is
recommended that in-service safety review be conducted at
any high crash locations, especially at locations with high
severity crashes. In addition, as a more pro-active effort, in-
service safety reviews should also be conducted at samples
of selected highways regularly to improve the safety
performance of the overall road system.
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