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A before-after study

Søren Underlien Jensen ∗
Trafitec, Diplomvej 376, 2800 Kgs. Lyngby, Denmark

Received 6 June 2007; received in revised form 15 August 2007; accepted 7 September 2007

bstract

This paper presents a before-after accident study of marking blue cycle crossings in 65 signalised junctions. Corrections factors for changes in
raffic volumes and accident/injury trends are included using a general comparison group in this non-experimental observational study. Analysis
f long-term accident trends point towards no overall abnormal accident counts in the before period. The safety effect depends on the number of
lue cycle crossings at the junction. One blue cycle crossing reduces the number of junction accidents by 10%, whereas marking of two and four
lue cycle crossings increases the number of accidents by 23% and 60%, respectively. Larger reduction and increases are found for injuries. Safety
ains at junctions with one blue cycle crossing arise because the number of accidents with cyclists and moped riders that may have used the blue

ycle crossing in the after period and pedestrians in the pedestrian crossing parallel and just next to the blue marking was statistically significant
educed. Two or four blue cycle crossings especially increase the number of rear-end collisions only with motor vehicles involved and right-angle
ollisions with passenger cars driving on red traffic lights.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Blue cycle crossings was invented by the Municipality of
openhagen and marked in 1981 for the first time. The basic

dea is to mark the area of conflict between motor vehicles
nd cyclists blue so road users pay more attention to this con-
ict and cyclists have a lane marking through the junction area.
oday, blue cycle crossings are often used in Denmark. A few
ther countries also mark cycle crossings in blue, and several
ountries mark crossings in other colours e.g. red, yellow and
reen.

Nettelblad (1990) made a before-after study of blue cycle
rossings marked in 37 junctions in 1985, both signalised and
on-signalised, in Malmö, Sweden. These cycle crossings were
ocated in relation to dual-way cycle paths, meaning that cyclists
ere travelling in both directions on these blue cycle crossings.

ettelblad found that police recorded bicycle injury accidents

ell from 126 to 119, and the rate of bicycle injury accidents per
ntering cyclist to the junctions were unchanged. Nettelblad did

∗ Tel.: +45 25246732; fax: +45 88708090.
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ot use a comparison group in order to take accident trends into
ccount.

Linderholm (1992) studied two of the signalised junctions
arked in Malmö in 1985 using the Swedish conflict technique

see e.g. Hydén, 1987). In this technique near-accidents are stud-
ed. A near-accident is a situation, where road users are less
han 1.5 s from a collision but avoid this by evasive manoeuvres.
ydén (1987) describes a relationship between the number of
ear-accidents and real accidents. Linderholm could neither doc-
ment any safety effect of these dual-way blue cycle crossings,
ven though there was a tendency to a fall in rate of severe con-
icts between left-turning cars and cyclists going in the opposite
irection of the cars in the drive lane next to them.

Jensen and Nielsen (1996) made a before-after study of
ycle crossings marked in 47 signalised junctions in the period
989–1994 in Danish urban areas. They took accident trends
nto account using a general comparison group, and found that
lue cycle crossings reduced the number of accidents involving
yclists/moped riders by 31% from expected 47 to observed 32

n the after period. The number of injuries in these accidents
ell by 34%, from 33 to 22. Both results were statistical sig-
ificant on a 10% level. Other accidents not involving cyclists
r moped riders and injuries in these accidents did not change

mailto:suj@trafitec.dk
dx.doi.org/10.1016/j.aap.2007.09.016
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ignificantly. They did not try to relate results to the number of
lue cycle crossings marked in the individual junctions. Cycle
rossings were with one-way bicycle traffic in 44 of 47 junc-
ions. Jensen and Nielsen also investigated single accidents at
unctions among two-wheelers, in order to find out if the change
n friction from asphalt to thermoplastic marking could result in
ingle accidents. They only found evidence that two of 734 sin-
le accidents may have been caused by slippery markings both
ases were zebra stripes in pedestrian crossings.

Hunter et al. (2000) studied road user behaviour before and
fter the marking of one blue cycle crossings at 10 conflict areas
n Portland, USA. They found that significantly fewer cyclists
urned their head to look for motor vehicles and fewer cyclists
sed hand signals after the blue cycle crossing was marked. More
yclists travelled on the “correct path” through the junction after
he blue pavement had been marked. Motorists also changed
ehaviour. Significantly fewer motorists used turn signal, but
ore slowed or stopped on approach after marking the blue

ycle crossings. Overall, the yielding behaviour was markedly
hanged from 72% yielding motorists before to 92% after. The
umber of cyclist–motorist conflicts also got lower from 0.95
er 100 entering cyclists before to 0.59 after. A conflict was
efined as an interaction where at least one of the parties had to
ake a sudden change in speed or direction to avoid the other,
rather stringent definition.

Seventy six percent of the cyclists felt the locations in Port-
and with blue pavement were safer, and only 1% less safe
Hunter et al., 2000). Forty nine percent of motorists thought
he junctions were safer with blue cycle crossings, whereas 12
ercent thought less safe. In Copenhagen, cyclists feel a lower
erceived risk, are more comfortable and more satisfied when
lue cycle crossings are present (Jensen, 2006a).

The before-after study of accidents and injuries, which will
e presented in the following, include marking of between one to
our blue cycle crossings per junction in 65 signalised junctions
n Copenhagen, Denmark. The blue thermoplastic pavement
as marked during the years 1981–2003. The width of the blue

ycle crossing is typically 2 m. The volume of incoming motor
ehicles per day to the junction varies from 7000 to 66 000
nd volumes of incoming cyclists span from 2500 to 27 500.

report describes the study and results in detail in Danish
Jensen, 2006b). Fig. 1 shows a junction with four blue cycle
rossings.

. “Second-best” methodology

Randomized experiments (see e.g. Hutchinson, 2007), where
he experimental units like junctions are randomized to treat-

ent like blue cycle crossings, are often viewed as the best way
o study effects of safety measures. In our case, a randomized
xperiment is actually practicable due to the low costs of the
lue pavement, but such experiment has not been undertaken.

The safety effects of blue cycle crossings are therefore studied

sing a “second-best” observational study methodology. The
mpirical Bayes method (see e.g. Hauer, 1997) is viewed by
any as the best of the non-experimental observational methods.
he Empirical Bayes method accounts for three major possible

m
o
f
d

ig. 1. Photo of signalised junction in Copenhagen with four blue cycle cross-
ngs.

iases in before-after accident studies; regression-to-the-mean
ffects, accident trends and traffic volumes.

However, the Empirical Bayes method has not been used in
his study. The prime reason for this is that the signalised junc-
ions, where blue cycle crossings have been marked, include
he most trafficked junctions in Copenhagen in terms of motor
ehicles, cyclists and pedestrians, and constitute one sixth of
ll signalised junctions in the city. The accident models that
eed to be developed if the Empirical Bayes method were to
e used could be of the kind shown in general in Formula 2
ater in this paper. Such accident models are relatively reli-
ble to use in order to predict the number of accidents, if the
ncoming traffic volumes to the junction, where you wish to
redict accident figures, are pretty normal compared to the traf-
c volumes in the junctions that the accident model is based
pon. In the Copenhagen case, many of the studied junctions
re in the far end of the traffic volume axis, i.e. much trafficked,
nd we are therefore close to or outside the boundaries of the
ossible accident models’ valid area. The prediction of acci-
ent figures for these much trafficked junctions are unreliable,
ecause the beta figures of the accident models becomes crucial
or the prediction, and these beta figures change from model to

odel primarily due to uncertainty, because the models are based

n a relatively low number of junctions. The prediction results
or regression-to-the-mean effects and figures for expected acci-
ents and consequently safety effects will therefore be relatively
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nreliable, because most of the accidents in the studied junctions
ctually take place in the much trafficked junctions.

Instead a stepwise methodology is used. First, a general com-
arison group is used to account for accident trends. Second,
hanges in traffic volumes are taken into account. And third,
n analysis of long-term accident trends is made in order to
heck for abnormally high accident counts, i.e. regression-to-
he-mean, in the before period. It was chosen to use equally
ong before and after periods, which for the individual junctions
as of 1–5 years duration. The expected number of accidents in

he after period is calculated based on a formula, here shown in
he general form:

Expected = ABeforeCTrendCTrafficCRTM, (1)

here AExpected is the number of accidents/injuries expected to
ccur at the junction in the after period if blue cycle crossing(s)
as not marked, ABefore is the number of accidents/injuries that
ccurred at the junction in the before period, CTrend, CTraffic and
RTM are correction factors for accident trends, traffic volumes
nd regression-to-the-mean, respectively.

The study of blue cycle crossings is part of a larger
rogramme including studies of reconstructions, markings,
ignal-control and traffic calming schemes within the bound-
ries of the Municipality of Copenhagen. A major effort was
ade in order to register all physical changes to the road net-
ork in the period 1976–2004. Several hundred schemes were

dentified.
Several junctions and links had undergone more than one

econstruction or other scheme. Only “clean” schemes are stud-
ed, meaning that at the 65 signalised junctions, where blue cycle
rossings have been marked, no other scheme has been imple-
ented in before and after periods and in the year, when the blue

ycle crossing was marked.
Unchanged roads with known developments in traffic vol-

mes were used to set up a general comparison group. The
openhagen Police District covers the entire area of the Munic-

pality of Copenhagen, and there is no indication that accidents
re registered differently in one city quarter compared to another.
he general comparison group consists of 110 km of roads with

70 locations, where motor vehicle and bicycle/moped traffic is
ounted yearly or every fourth to sixth year. A total of 24 369
ccidents and 8648 injuries occurred on the 110 km of roads in
he period 1976–2004.

v
b
o
o

able 1
efinition of 12 sub-comparison groups (in brackets: number of accidents/injuries 19

Bicyc

ccidents with killed/severe injuries 1 (2
ccidents with minor injuries and no killed/severe injuries 4 (1
roperty damage only accidents 6 (3
illed and severely injuries 8 (2
inor injuries 11 (1

a Accidents involving cyclists/moped riders and injuries in these accidents.
b Accidents between pedestrians and motor vehicles and injuries in these accidents
c Accidents only with motor vehicles involve and injuries in these accidents.
Prevention 40 (2008) 742–750

Since a general comparison group has been chosen instead
f a matched comparison group, an effort was made in order
o avoid consequences of larger differences between general
omparison group and treated junctions. Trends for different
ypes of accidents and injuries of the general comparison group
ere analysed and compared. Trends for junction and link acci-
ents are very similar, and hence no need for sub-grouping.
owever, trends for different accident/injury severities and

ransport modes exhibit quite different developments, e.g. the
verage yearly decline in property damage only accidents only
ith motor vehicles involved is 2.3%, whereas the decline in

ccidents with severe injuries or killed and only motor vehi-
les involved is 3.8% and pedestrian accidents with severe
njuries or killed is 6.2%. Therefore it was found reasonable
o describe trends by seven accident sub-comparison groups
nd five injury sub-comparison groups. These sub-groups are
efined in Table 1.

So the correction factor CTrend is actually 12 different cor-
ection factors, which is the number of accidents/injuries in the
ub-comparison group in the after period divided by the num-
er accidents/injuries in the sub-comparison group in the before
eriod. The individual correction factor e.g. CTrend,1 is then
ultiplied with the same sub-group of accidents at the treated

unction ABefore,1 as part of formula 1.
The correction factor CTraffic is based on changes in traffic vol-

mes at the treated junction and in the general comparison group.
he relationship between traffic flow and accidents/injuries is
on-linear. Danish accident prediction models for signalised
unctions in urban areas are most often of the following kind:

(μ) = αNβ1
priN

β2
sec, (2)

here E(μ) is the predicted number of accidents/injuries, Npri
nd Nsec are the incoming motor vehicle flow daily from pri-
ary and secondary direction, and α, β1 and β2 are estimated

arameters. β1 and β2 are often close to 0.5 in the many models
hat have been developed during the last decades in Denmark,
hereas α varies between the different types of signalised junc-

ions (Greibe and Hemdorff, 1995; Hemdorff, 1990, 1993, 1996,
001, 2004; Jensen, 1998). Figures for α varies, because the level
f safety depends on the type of signalised junction, e.g. rural

ersus urban, 3-armed versus 4-armed. In this case, incoming
icycle/moped flow is also known, and here the sparse number
f accident prediction models indicates that bicycle/moped flow
nly influence the number of accidents involving cyclists and

76–2004)

le/mopeda Pedestrianb Motor vehiclec

197) 2 (1 445) 3 (1 584)
289) 5 (1 228)
316) 7 (13 310)
235) 9 (1 477) 10 (1 907)
359) 12 (1 670)

.
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Table 2
Expected and observed accidents and injuries in the before-before and before
period in 30 of the 65 junctions, where blue cycle crossings have been marked

Observed
before-before

Expected
BEFORE

Observed
BEFORE

Development
(percent)
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oped riders. Eq. (2) is then used to set up formulas for CTraffic:

Traffic,pmv =
(

MVpri,after/MVpri,before

MVCG,after/MVCG,before

)0.5

×
(

MVsec,after/MVsec,before

MVCG,after/MVCG,before

)0.5

, (3)

Traffic,bike =
(

MVpri,after/MVpri,before

MVCG,after/MVCG,before

)0.5

×
(

MVsec,after/MVsec,before

MVCG,after/MVCG,before

)0.5

×
(

BMpri,after/BMpri,before

BMCG,after/BMCG,before

)0.5

×
(

BMsec,after/BMsec,before

BMCG,after/BMCG,before

)0.5

, (4)

here CTraffic,pmv is the traffic correction factor for pedestrian
nd motor vehicle accidents/injuries (see Table 1), CTraffic,bike is
he traffic correction factor for bicycle/moped accidents/injuries,

Vpri and MVsec are motor vehicle daily flow at the treated
ite on primary and secondary direction respectively, BMpri and
Msec are bicycle/moped daily flow at the treated site on primary
nd secondary direction respectively, and MVCG and BMCG are
otor vehicle flow and bicycle/moped flow in the general com-

arison group respectively. Flow data from the entire before and
fter period are used, hence, increases and decreases in traf-
c volumes from before to after are accounted for. The change

n incoming motor vehicle traffic to the junctions varied from
21% to +14% , however, most junctions experienced a minor

ncrease. Similar the change in incoming bicycle traffic was
etween −38% and +27%, also most junctions experience a
inor increase.
The analysis of long-term accident trends is made in order

o check for abnormally high accident counts, i.e. regression-
o-the-mean, in the before period. The analysis is made using a
efore-before period, which is a 5-year period 8–12 years before
he marking of blue cycle crossings. The before-before period is
hosen because it most often will be prior to an eventual black
pot identification period or other type of systematic accident
nvestigation period that may have lead to the marking of blue
ycle crossings. A fact is that systematic accident investigations
f accidents that occurred 2–7 years before the marking of blue
ycle crossings were part of basis for decisions to make the
arkings in 54 of the 65 junctions. The before-before period is

sed to calculate an expected number of accidents and injuries in
he before period of the treated junctions by making corrections
or accident trends and traffic volumes:

Expected,Before = ABefore−BeforeCTrendCTraffic

The CRTM correction factor is then calculated as the expected

umber of accidents in the before period divided by the observed
umber of accidents in the before period, and likewise for
njuries. However, because not all junctions can undergo this
ype of analysis, the CRTM is set to be the same for all junctions

c
i
a
z

ccidents 696 233 231 −1
njuries 188 95 93 −2

nd is only used, if there are statistically significant differences
etween the expected and observed numbers of accidents and
njuries in the before period.

Of the 65 treated junctions it is possible to make this cal-
ulation for 30 junctions. Twenty four junctions have been
xcluded of this analysis because they have been changed by
ther schemes in the period between 12 years before the mark-
ng of the blue cycle crossings and the before period. Eleven
unctions have been excluded of the analysis because accident
ecords only are available back to 1976.

The results of the analysis of long-term accident trends, which
re shown in Table 2, indicate no general abnormally high or low
ccident counts, i.e. regression-to-the-mean effects, in the before
eriod. The reason to a major difference in observed accidents
nd injuries in the before-before period compared to the before
eriod is that the before-before period always is of 5 years dura-
ion, whereas the duration of the before period varies from 1 to
years from site to site. Results from breakdowns into different

ccident/injury severities and transport modes do neither indi-
ate abnormal accident counts in the before period. The general
orrection factor for regression-to-the-mean effects is then set
o 1.

The overall product of correction factors for accident
rends and traffic volumes varies from 0.46 to 1.67 in the
ndividual junctions, meaning that the expected number of
ccidents in the after period ranges from 0.46 to 1.67 mul-
iplied by accidents in before period. Corresponding figures
or the overall product of injury trends and traffic volume
orrection factors varies from 0.42 to 1.74. Due these major
ifferences in correction factors and that the blue cycle cross-
ngs have been marked over a long time span it is founded
easonable to use meta-analysis rather than simple sums
f accidents and injuries in order to describe mean safety
ffects and the variance of these effects. The meta-analysis
ethodology used is described by Elvik (2001). Fixed effects
odels have been used for homogeneous mean effects, i.e.

nly random variation in estimated effects for the junctions.
andom effects models are adopted to heterogeneous mean
ffects.

. Results of before-after accident and injury study

Table 3 presents the overall figures of observed and expected
ccidents and injuries along with the weighted mean percent

hanges or best estimates for safety effects and 95% confidence
ntervals. No results given in Table 3 are statistically significant
t the 5% level, because the best estimates are very close to
ero. There is a substantial variation in effects in the individual
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Table 3
Safety effects of blue cycle crossings by accident and injury type

Accident and injury type Observed BEFORE Expected AFTER Observed AFTER Safety effect (percent)

Best estimate 95% CIa

Accidents
All 778 823 817 +2 −8; +13
Injury 274 223 217 +2 −16; +23
Property damage only 504 601 600 +3 −9; +17

Injuries
All 319 250 248 +8b −15; +36b

Fatal 6 6 3 −2 −22; +24
Severe 165 157 147

98 +4 −23; +41
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Minor 148 87

a 95% confidence interval.
b Inhomogeneous i.e. results of random effects model.

unctions, which is statistical significant for injuries, and also
ubstantial for accidents but not statistical significant.

If corrections for traffic volumes were not done, the expected
umber of accidents in the 65 junctions would be 770 instead
f 823, and safety effects would generally be worse. The rea-
on why inclusion of corrections for traffic volumes generates

higher number of expected accidents is that the analysed
ignalised junctions experience a larger increase in traffic vol-
mes compared to traffic in the general comparison group in
openhagen. If the beta figures were lower than 0.5 then the
xpected number of accidents would also have been lower, e.g.
eta figures of 0.4 would result in 812 expected accidents. Beta
gures of 0.6 would result in 834 expected accidents. This
hows that the results are not particular sensitive to the beta
gures.

A reason to the substantial variation in effects is that the safety
ffects seem to depend heavily on the number of blue cycle
rossings marked within the junction. Table 4 shows that the
eighted mean effect for one, two and four blue cycle crossings
s a change in the number of accidents of −10, +23 and +60%,
espectively. Corresponding figures for injuries are−19, +48 and
139%. These figures are or are very close at being statistical
ignificant at the 5% level.

t
n
i
r

able 4
afety effects of blue cycle crossings by number of blue cycle crossings in each junc

umber of blue cycle crossings within junction Observed BEFORE Exp

ll accidents
1 blue cycle crossing 545 610
2 blue cycle crossings 172 159
. . . 2 perpendicular 77 69
. . . 2 parallel 95 90
4 blue cycle crossings 61 54

ll injuries
1 blue cycle crossing 234 181
2 blue cycle crossings 68 56
. . . 2 perpendicular 34 28
. . . 2 parallel 34 28
4 blue cycle crossings 17 13

a 95% confidence interval.
ig. 2. Funnel graph for effects on accidents of one, two and four blue cycle
rossings.

Fig. 2 presents a funnel graph for effects on accidents of one,
wo and four blue bicycle crossings. A funnel graph is a scatter
lot of results for the individual junctions. The abscissa measures

he value of each result, in terms of the size of the change in the
umber of accidents. Values greater than 1 indicate an increase
n accident numbers, whereas values smaller than 1 indicate a
eduction. The ordinate measures the statistical weight, which is

tion

ected AFTER Observed AFTER Safety effect (percent)

Best estimate 95% CIa

534 −10 −20; +2
196 +23 −1; +52
67 −4 −31; +35

129 +44 +9; +89
87 +60 +15; +123

141 −19 −35; +2
77 +48 +3; +112
38 +47 −14; +149
39 +49 −9; +144
30 +139 +30; +338
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Table 5
Safety effects on accidents of blue cycle crossings by number of blue cycle crossings and junction arms in each junction

Number of blue cycle crossings within junction and junction arms Observed BEFORE Expected AFTER Observed AFTER Safety effect (percent)

Best estimate 95% CIa

1 Blue cycle crossing
3-armed junctions 68 75 63 −13 −39; +23
4-armed junctions 432 495 433 −8b −24; +12b

5-armed junctions 45 41 38 −8 −40; +42

2 Blue cycle crossings
3-armed junctions 18 17 13 −24 −63; +59
4-armed junctions 150 138 177 +27 +1; +59

b
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e
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t

T
S

N

1

1

1

2

2

2

4

5-armed junctions 4

a 95% confidence interval.
b Inhomogeneous i.e. results of random effects model.

ased on the number of observed accidents in the junction and the
eneral comparison group. The statistical weights in Fig. 2 were
alculated according to a fixed effects model. Fig. 2 includes a
onsiderable spread in estimates of safety effects both negative
nd positive. There is no indication of outlying data points.

The difference in safety effects of blue cycle crossings in rela-
ion to the number of blue markings in each junction calls for an
xplanation. Table 5 presents safety effects on accidents by num-

er of blue cycle crossings and junction arms. Table 5 indicates
hat in addition to the relation to the number of blue cycle cross-
ngs in each junction, the safety effect depends on the number
f junction arms. More junction arms seem to result in a poorer

f
j

t

able 6
afety effects on accidents of blue cycle crossings by number of blue cycle crossings

umber of bcca, junction arms and width of junction Observed BEFORE

bcc, 3-arms
14–24 m wide 17
25–36 m wide 51

bcc, 4-arms
14–24 m wide 25
25–36 m wide 249
37–50 m wide 158

bcc, 5-arms
25–36 m wide 45

bcc, 3-arms
14–24 m wide 5
25–36 m wide 13

bcc, 4-arms
14–24 m wide 11
25–36 m wide 87
37–50 m wide 52

bcc, 5-arms
25–36 m wide 4

bcc, 4-arms
14–24 m wide 7
25–36 m wide 46
37–50 m wide 8

a Blue cycle crossing.
b 95% confidence interval.
c Inhomogeneous i.e. results of random effects model.
4 6 +69 −53; +503

afety effect both in junctions with one and two blue cycle cross-
ngs. Junctions with one blue cycle crossings have on average
ewer arms compared to junctions with two or four blue cycle
rossings. This may to a little extent explain differences in safety
ffects of one, two and four blue cycle crossings, respectively.
unctions with two blue cycle crossings have been split into two
roups; perpendicular and parallel blue cycle crossings. These
wo groups exhibit the same tendency, namely a better effect the

ewer junction arms. The two groups are merged in Table 5. All
unctions with four blue cycle crossings are 4-armed.

For junctions with one blue cycle crossings and 3-armed junc-
ions with two blue cycle crossings there seem to be a relation

within junction, junction arms and width of junction

Expected AFTER Observed AFTER Safety effect (percent)

Best estimate 95% CIb

15 9 −35 −71; +48
59 54 −8 −37; +35

22 15 −21 −60; +55
265 232 −10c −34; +22c

207 186 −8 −25; +14

41 38 −8 −40; +42

4 2 −55 −91; +130
13 11 −13 −61; +98

13 23 +80 −12; +270
77 92 +19 −13; +62
48 62 +28 −12; +86

4 6 +69 −53; +503

7 8 +20 −57; +231
40 66 +65 +13; +143

8 13 +68 −31; +305
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Table 7
Safety effects on accidents of blue cycle crossings by number of blue cycle crossings in each junction and type of accident

Number of blue cycle crossings within junction and junction arms Observed BEFORE Expected AFTER Observed AFTER Safety effect (percent)

Best estimate 95% CIa

1 Blue cycle crossing
Direct influence 117 141 89 −32 −48; −10
. . . pedestrian 12 10 5 −32 −73; +71
. . . bicycle/moped 105 131 84 −31 −48; −8
No direct influence 428 469 445 −1b −18; +19b

2–4 Blue cycle crossing
Direct influence 79 73 95 +28 −6; +76
. . . pedestrian 11 9 15 +56 −31; +251
. . . bicycle/moped 68 64 80 +23 −13; +73
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No direct influence 154

a 95% confidence interval.
b Inhomogeneous i.e. results of random effects model.

etween junction size and safety effects, see Table 6. Small junc-
ions exhibit better safety effects compared to larger junctions.
owever, traffic volume and junction size correlates consider-

bly and therefore the relation to safety effects may be triggered
y traffic volumes, junction size or both. There seems not to be
relation between junction size and safety effects for 4- and

-armed junctions with two or four blue cycle crossings.
The blue cycle crossing is hypothesised to have a “direct

nfluence” on accidents with cyclists or moped riders that would
ave used/did use a crossing, which were painted blue, and acci-
ents with pedestrians using the pedestrian crossing just next to
he cycle crossing, which were painted blue. The idea with the
lue cycle crossing is to warn motorists about cyclists that use
he crossing. It is hypothesised that motorists look out for these
yclists more carefully and in this search for cyclists also more
ften see the moped riders and pedestrians at the crossings men-
ioned above. Crashes at these cycle and pedestrian crossings
re predominantly with right and left turning motor vehicles
hat hit cyclists and pedestrians using the crossings. All other
ccidents at the junctions are thought be under “no direct influ-
nce” of the blue cycle crossing. Table 7 presents safety effects
f the two groups of accidents with direct and no direct influence
espectively. Accidents with direct influence has been split into

ub-groups of pedestrian accidents and bicycle/moped accidents
espectively.

Accidents that are directly influenced by the marking of one
lue cycle crossing in a junction are statistical significantly

n
f
u
n

able 8
roportion of accidents that are directly influenced and safety effects on accidents of

umber of blue cycle crossings
ithin junction and junction size

Percent of accidents, which are
under direct influence

Safe
und

Bes

Blue cycle crossing
Total 23 −32
14–24 m wide 38 −54
25–36 m wide 25 −35
37–50 m wide 17 −14

a 95% Confidence interval.
b Inhomogeneous i.e. results of random effects model.
140 188 +33 +7; +66

educed by 32%, whereas accidents with no direct influence
emain fairly unchanged in numbers. At junctions, where two or
our blue cycle crossings have been marked, there is an increase
n accidents of about 30% both for accidents under direct and
o direct influence.

The reduction in accidents that are directly influenced by one
lue cycle crossing is especially large for rear-end collisions
nvolving bicycles/mopeds and collisions with right-turning
ars. Accidents with no direct influence from one blue cycle
rossing remain fairly unchanged for any accident situation. The
ncrease in accidents at junctions with 2–4 blue cycle cross-
ngs is especially large for rear-end collisions only with motor
ehicles involved and right-angle collisions with passenger cars
riving on red traffic lights. Accidents with right-turning or
eft-turning cars and rear-end collisions with bicycles/mopeds
nvolved remain unchanged or increase only very slightly at
unctions with 2–4 blue cycle crossings.

The relationships between safety effects of blue cycle cross-
ngs on one hand and junction size, number of junction arms
nd traffic volumes on the other hand may stem from vary-
ng proportions of accidents that are under direct influence in
he different types of junctions, because accidents under direct
nfluence has better safety effects compared to accidents under

o direct influence. Table 8 shows that this is actually the case
or junctions with one blue cycle crossing. Expected accidents
nder direct influence constitutes a higher proportion of the total
umber of expected accidents as the junction becomes smaller,

one blue cycle crossing depending on junction size of the junction

ty effect (percent) on accidents
er direct influence

Safety effect (percent) on accidents
under no direct influence

t estimate 95% CIa Best estimate 95% CIa

−48; −10 −1 −18; +19
−81; +11 −10 −52; +69
−55; −7 0b −24; +31b

−49; +45 −7 −26; +18
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nd the safety effect on accidents under direct influence also
ecomes better as the junction becomes smaller, whereas the
afety effect on accidents under no direct influence does not
hange in magnitude as the size of the junction changes. This
ndicates that the individual road user is more influenced in an
nteraction that are influenced by the blue cycle crossing in minor
unctions compared to larger junctions, and a higher propor-
ion of the interactions between road users are influenced by
he blue cycle crossing at minor junctions compared to larger
unctions. Similar trends as Table 8 shows may not be found
t junctions, where two or four blue cycle crossings have been
arked.

. Discussion

The “warning message” that one blue cycle crossing at a
ignalised junction signals to road users is beneficial in terms
f safety. This also seems to be true at 3-armed junctions with
wo blue cycle crossings. The safety benefit arises due to fewer
ccidents with pedestrians, cyclists and moped riders that are
directly influenced” by the blue cycle crossing. The fewer arms
r smaller size or lower traffic volume the junction has the better
s the safety effect of one blue cycle crossing. This is because the
irectly influenced accidents constitute a higher share of junction
ccidents in small junctions compared to large junctions, and that
he safety effect on directly influenced accidents is best at small
unctions.

With two or four blue cycle crossing in the junction, the warn-
ng message seems to be disregarded and results in less safe
ehaviour. It seems that too many blue cycle crossings results
n motorists having too much focus on the pavement or cyclists
nd too little focus on traffic signals, because rear-end colli-
ions among motor vehicles and accidents with red-light driving
otorists increases in numbers. Another element is that the acci-

ents that are reduced to a major degree when marking one blue
ycle crossing remain more or less unchanged when marking
wo or four blue cycle crossings. Perhaps motorists disregard
he “warning messages” if there are too many of them (cannot
ee the wood for the trees) or are confused and spread their focus
oo much.

Based on the results of this study, a sound policy would be
o: ‘Mark one and only one blue cycle crossing at signalised
unctions, where vulnerable road users are involved in accidents.
he blue marking should be located at the crossing where most
ccidents have occurred. Junctions currently with two or more
lue cycle crossing should have some blue marking removed, so
nly one blue cycle crossing is present’.

The results are also relevant to discuss in relation to other
ypes of road information such as signs, markings, billboards,
ignals, etc. One may read the results as: ‘Some information
s better than no information and much better than too much
nformation. Keep information simple and at a low level, and let
he road be as self-explaining as possible’. If this also is true for

igns, it might be that 2–5 signs on a road section are better than
one, but six or more signs are even worse, however, this may
ff course depend on the information on the signs. Perhaps more
tudies should focus on the amount of information on topics like

3

revention 40 (2008) 742–750 749

unction markings in general, direction signs, density of traffic
ignals, etc.

Behavioural studies are needed in order to find more explicit
easons for the differences in safety effects of respectively one,
wo and four blue cycle crossings. Such studies of attention,
nformation processing, etc. that include warning messages,
uiding elements or distracters being it signs, markings, bill-
oards, etc. often lacks evidence for safety effects. Here the
ehavioural change is not described except for some changes at
onflict areas in Portland, USA (Hunter et al., 2000).

The blue cycle crossing seems to have the best safety effect
n “smaller” signalised junctions. This may indicate that such
arking could result in safety gains in non-signalised junctions.
Danish study of another kind of cycle crossing in give-way

unctions surely points towards this, because a white harlequin
attern cycle crossing was found to reduce accidents and injuries
ith cyclists/moped riders by 40–45%, which was not statis-

ically significant due to a low number of accidents (Jensen,
002).

The study is based on a “second-best” methodology. Cor-
ections for changes in traffic volumes and road safety trends
ave been made. Despite methodological shortcomings, study
esults show systematic patterns. Some safety effects are statisti-
al significant. There exist dose–response relationships between
afety effect and the number of blue cycle crossings, junction
rms and junction size. Safety gains arise in junctions with one
lue cycle crossing for types of accidents for which the mark-
ng is targeted, whereas safety flaws arise in junctions with 2–4
lue cycle crossings for non-targeted types of accidents. Over-
ll, there is high internal consistency in the changes of safety,
hich indicate causality, and the causal direction seems clear.

. Conclusions

The main conclusions of the research reported in this paper
an be summarised in the following points:

. A before-after accident and injury study of marking of blue
cycle crossings at signalised junctions has been completed
taking into account changes in accident trends, traffic vol-
umes and regression-to-the-mean effects in the before period.
Blue cycle crossings are marked in order to warn road users
about conflicts between cyclists and motorists and to provide
cyclists with a lane through the junction area.

. The weighted means or best estimates for safety effects of
one blue cycle crossing in a junction are a reduction of 10%
in accidents and 19% in injuries. Corresponding figures for
two blue cycle crossings in a junction are increases of 23%
in accidents and 48% in injuries, and for four blue cycle
crossings increases are 60% and 139%, respectively. The last
three safety effects are statistically significant on a 5% level.
Results vary considerably from junction to junction, but the
use of the meta-analysis method accounts for this.
. The safety gains at junctions, where one blue cycle crossing
was marked, arise because the number of accidents with rid-
ers in the flow of bicycles and mopeds that may have used the
blue cycle crossing in the after period and pedestrians in the
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pedestrian crossing parallel and just next to the blue marking
was statistically significant reduced.

. Further results show that the safety effect of blue cycle
crossings seems to depend on number of junction arms, and
junction size or traffic volumes. This may be explained by two
facts. The directly influenced accidents constitute a higher
share of junction accidents in small junctions compared to
large junctions. The safety effect on directly influenced acci-
dents is also best at small junctions.

. The safety flaws at junctions, where two or four blue cycle
crossings were marked, primarily arise because rear-end col-
lisions among motor vehicles and accidents with red-light
driving motorists increases in numbers.

. In principle, it is impossible to rule out the possibility that
uncontrolled confounding factors account for the results in
the study. This is a general problem for non-experimental
observational studies like the one in this paper. However,
it is unlikely that confounding factors not controlled in the
study could produce the dose–response relationships (see
point 2) and particular safety gains and flaws (see point
3 and 4) that have been found. It seems more likely that
the results reflect the safety effects of marking blue cycle
crossings.
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