Accident Analysis & Prevention. 2020, Vol. 142, 105515 2024/1/9 #%

Truck drivers’ interaction with cyclists in right-turn

situations
Katja Kircher & Christer Ahlstrom
Accident Analysis & Prevention. 2020, Vol. 142, 105515
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Table 1

Schematic overview over different interaction types for truck drivers turning right and cyclists going straight on, depending on the approach, including the visibility
of the cyclist for the truck driver and typical traffic situations. Here, a separate cycle path is depicted, but the typology also applies to mixed traffic. The coloured bar
visualises the visibility of the bicyclist seen from the truck driver: green: through front window; yellow: through side window; red: via mirror. In the case of two bars,
the longer bar indicates visibility when the cyclist passes through the intersection first, the shorter bar indicates visibility when the truck turns in front of the cyclist.

interaction type and bicyclist’s visibility (colour bars on
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truck approaching cyclist and remaining
behind all the time
cyclist goes first

truck catching up with cyclist and going
parallel with cyclist
cyclist goes first

truck passing cyclist, then either braking and
waiting or turning into cyclist’s path

truck catching up with cyclist, who is
already in front, and waiting, truck stops as
well in first position; either truck or cyclist
goes first

truck passes cyclist on approach, slows down
or stops, cyclist catches up, going parallel
and slightly front, either truck or cyclist goes
first

truck approaching red traffic light, slowing
down, cyclist catching up, light turns green,
both arrive at intersection together, either
truck or cyclist goes first

truck stopping at intersection, cyclist
approaching from behind and stopping,
upon green either truck or cyclist goes first

cyclist visible via direct sight at all times

cyclist visible either via direct sight
forward, or via side window and mirrors

cyclist visible via direct sight, then via
side window and mirrors, then rear view
mirrors, then possibly side again

cyclist visible either via direct sight
forward, or via side window and mirrors

cyclist visible either via direct sight
forward or side window and mirrors
first, then side and rear mirrors, then
side and possibly front again

cyclist first visible via mirror, then
through side window and mirrors

cyclist first visible via mirror, upon
arrival at intersection also via side
window and mirrors

unregulated intersection
or (changing to) green
traffic light

no slower traffic ahead

unregulated intersection
or (changing to) green
traffic light

no slower traffic ahead

unregulated intersection
or (changing to) green
traffic light

no slower traffic ahead

red traffic light, stop, or
similar
no traffic ahead

red traffic light, stop or
similar

potentially slower traffic
ahead

red traffic light turning
green or similar
potentially slower traffic
ahead traffic ahead

red traffic light, stop or
similar

potentially slower traffic
ahead traffic ahead
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Table 2
The three analysed intersections. The path of the truck is indicated with a red arrow and the path of the cyclist is indicated with a yellow arrow.

traffic light (TL) no traffic light 1 (NTL1) no traffic light 2 (NTL2)

Z S

cycle path, separate traffic lights for motorised traffic and bicycles,  cycle path, grass and some trees between road and cycle  cycle path adjacent to road, one lane, speed limit
partly grass and trees between cycle path and road, dedicated  path, dedicated lane for left-turning traffic, speed limit 40 40 km/h

lane for left-turning traffic, speed limit 40 km/h km/h analysed distance: 241 m

analysed distance: 185 m analysed distance: 516 m
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Fig. 1. Scheme for coding the position of the cyclist and gaze direction. The
overlapping areas between forward and left respectively right were coded de-
pending on the driver’s head movement. A glance to the overlapping area
without head movement belonged to the “forward” category, whereas a glance
involving a head movement was coded as “left” respectively “right”. The col-
ours of the cyclist correspond to the line of sight indicated in Table 1.

Table 3
Coding scheme for the behavioural variables in the interaction of truck driver and cyclist during each right turn.

category description

comment or detailed description

event (TL, NTL1, NTL2) start and end of event

motion of truck moving or stopped

position of cyclist relative to
truck (see Fig. 1)

in front: visible through windscreen

parallel: about the same height as the truck cabin,
visible through side window

behind: behind the cabin, only visible through
mirrors or not at all

forward: roughly into direction of travel

left: to the left of the direction of travel

right: to the right of the direction of travel
down: dashboard, etc.

left mirror: any mirror on the left side

right mirror: any mirror on the right side
other: any other target

the time from when the cyclist became visible
until the driver glanced at him or her foveally

gaze of truck driver (see Fig. 1)

“time to first glance”

interval for data reduction, starting before the cyclist can be seen for the first time and
ending once the turn is completed

coding occurred continuously in the sense that each change between “moving” and
“stopped” was marked in the coding software

coding occurred continuously in the sense that each change of relative position was
marked in the coding software

continuous coding; each glance direction was also enriched with the glance target:
confederate, other VRU, motorised traffic, signs, traffic light, road markings, check for
traffic (also if no traffic actually present), default (forward, without specific gaze target),
other, unclear

coded by marking the first appearance of the cyclist in relation to the glance target
“confederate”

3. Result
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Table 4

Mean speed (measured at 1 Hz), standard deviation of speed and percentage of time speeding for the whole route per group, and F-values for the multivariate analysis

of variance run.

mean speed (whole route)

standard deviation of speed (whole route)

percent of time speeding (whole route)

inexp 25.1 £ 2.3 km/h 17.3 £ 1.1 km/h 9.4+6.4%
exp 25.0 £ 2.1 km/h 16.7 + 0.8 km/h 7.9+53%
FQ, 27) = 0.003, n. s. 2.53,n.s. 0.54,n. s.
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Table 5

Mean values and standard deviations for variables related to speed, to positioning relative to the cyclist and to monitoring of the cyclist, split into drivers in-
experienced vs. experienced with driving in urban areas, per intersection. Norm # glances: Number of glances normalised to the distance of 1 km. Time to 1st glance:
The time from when the cyclist became visible until the first foveal glance was directed to the cyclist.

TL NTL1 NTL2

inexp exp inexp exp inexp exp
mean speed (km/h) 129 £5.1 14.5 £ 5.3 29.1 =34 31.0 23 25.3 +3.2 27.2+3.7
time stopped (s) 314 =21 22.3 +18.5 0 0 0 0
% time speeding 0.6 £2.2 21+58 8.8 £17.5 159 +16.3 3.0x79 8.0 £17.0
% time cyclist front 61.6 = 33.1 50.9 + 34.5 80.2 +15.2 80.2 +15.9 91.7 £17.3 74.7 + 31.3
% time cyclist parallel 16.9 = 16.1 222 +24.6 18.3 +15.3 17.2 +13.2 42+79 8.1 £10.1
% time cyclist behind 20.3 + 26.5 26.5 + 30.6 1.0+ 4.0 26*99 3.9 +15.0 10.0 = 21.1
norm # glances (front) 9.2+82 78+7.4 6.8+ 22 6.8 +3.4 26+22 35+28
norm # glances (parallel) 13.1 £10.1 74 +6.8 11.1 = 4.6 10.2 + 4.4 7.1 +83 8.1 +39
norm # glances (behind) 2.6 +3.3 25+3.3 25.9 + 0.0 0 0 0
time to 1 st glance (s) 8.4 +89 17.4 +£18.0 6.7 £ 5.1 6.8 5.5 141 5.7 11.7 £ 4.9

Table 6
F-values for main effects and interaction effect for the comparisons of the variables presented in Table 5. Position and glance frequency use the Wilk’s lambda test
statistic. ***: p < .001; **: p < .01; * p < .05; (*): p <.10.

event experience event * experience
mean speed F(2, 81) = 133.7*** F(1,81) = 4.3* F(2, 81) = 0.012
time stopped F(2, 81) = 38.3%** F(1, 81) = 2.0 F(2, 81) = 2.0
time speeding F(2, 81) = 5.6%% F(1, 81) = 2.9(%) F(2, 81) = 0.37
position F(6, 158) = 5.2%** F(3,79) = 2.0 F(6, 158) = 0.3
glance frequency F(6, 30) = 0.5 F(3,15) = 1.1 F(6, 30) = 0.6
first glance F(2,74) = 3.4* F(1,74) = 1.9 F(2,74) = 2.2
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Fig. 2. The number of glances directed at the confederate cyclist within a 30-meter-wide sliding window, per intersection and level of experience with urban driving.
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Fig. 3. The percentage of drivers glancing at the confederate cyclist as a function of the distance to the intersection, per intersection and level of experience with
urban driving.
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Table 7
Percentage of occurrences of interaction types as per Table 1 for inexperienced
and experienced drivers per intersection and in total.

TL NTL1 NTL2 Total

Interaction inexp exp inexp exp inexp exp inexp exp total

Type (n

total)
A (35) 7.1 83 46.7 50.0 86.7 429 47.7 350 41.7
B (17) 46.7 429 6.7 21.4 182 225 20.2
C(8) 6.7 71 6.7 35.7 45 15.0 9.5
D (6) 286 16.7 9.1 50 7.1
E (14) 50.0 58.3 159 175 16.7
F (2) 7.1 8.3 2.3 25 24
G (2) 7.1 8.3 2.3 25 24
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+ 2.2km/h) LHEMEH LA 7B (9.6 km/h £ 3.6 km/h) (., FHEIEH £ 4
7 C (144km/h £ 5.4km/h) XY dbIFHricK, #HEFHL24 7B L C
DI AEREND -7 (F6,77) =46.3 5 p<.05) ,

> SEAATEIA, T OERRBCHAER 2 A T X o TEBZR T 2089 b,
BLUOZNPHAEEM 2 A T LBER D 2589 hZEL 72,

> BEESGEIN O OREFIE, P74 N=23E F X E U7 ISR [ B
R ERICKET 22 2R LT3 (H14,100)=52; p<.05) . L
URRBRIC IR AE L v (A7, 50) = 0.65) o
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Fig. 5. Glance frequency per direction (inner circle) and target (outer circle) for each intersection, across both levels of experience with urban driving.

> ARIC, PIEEERSERE T TL 2222 m (170 #1#/km) D525 NTL 2872
(NTL1: 96 ffit/km s NTL2: 71 fift/km) X 0 & &5 7=,

® ERMICIZ, HI/TOHASERE 12 TL 2824 AT NTLRZEA LY 47 <
A~ DIEFRSERE 12 NTL2 Tfhid 2 2 X 0 DK<, A D I 5 —~D kT
NTL1 Tt 2 DDEZES L Y b Do 7=, HEER & A 71388 TH
(BBRARRE © F42,219.2) = 2.7, p< .05 ; 5 X L7088 IR © 42,
219.2) =3.3, p<.05) WKBHHEL Tz, Hiff. B, 3 7 —~OEMEE
FHEEH 24 Ik o TR 572, MEEHAZ 4 7 A~C i fth D HEAE
Mz 47X b 2EMciigs vy (A~ C: 8 60~90 #ft/km D ~ G:
#1 140~180 #ift/km) | RiF~DEMBRL ., HARBLI LI T —~D
I D~F XV %257, EMEINLMHEEHOE S IMEER 24 7
A~C THiFICHAT b TE Y, KO 75% % Ho Tz,

4. Discussion

> GEILRER S T O RERIIC BT B M T v 7 F I A4 N — 0 HERE & O A AFEH kg
SRR, P HEETEICIZ LA EEEEE A BN EBRRP ORI N,
HHZGBICAENR P 7y 7 P74 N=R XV EEICRZHAIA DT HICH 5 72,
L2 L. HBRCEERTENE, 4 v 7 7 DEMMCHAER A Z7ICXVBEELTH Y,
INEFA Y7 ID5ME LTy 7 FIAN—HEOITEREROMAGDETH 2,

> HHWNTO b7y 7 OEIERER, AR o B L o AERHIc W TR~ T
LHRIE IR R 520 ERRB L T 5, SIS il i, o B
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ERIZ, I —THTHRBICE AL o7z, T, #THTO 7 v Z#EIRDF;
TEDREERAEMORIEZ b 725 T 70\ &\ 9 {3 C 255  AIHEMEAS E W 2 & &2k
LTWw3,

> LaL. SMEB YR CD, BEICHEET 2EVSHER TE o W HeM D
Hb, 7T— 2O RMEMIL, WHGBRICAENLR Ty 7 F T4 =XV E
HTHBL IV F VA BERBETH2HEEEZRL TV, XDk widEE
o i A~y F OVPEEREOIKT, BisHZ F 7 v 7 OHfIcCE S HEORE, &
JUOESBEORmIZEL CHNLE, X —Nicik, chooFRiZ, tFv 72
F I A4 N—PR RIS E ch T, FrEDEE O HS H Y ORI &2 ilak L
TWw3 LEREINE b Ly, HfiZGBICAENLLR N T4 5—0 X ) HE T
PErE I, FIA AN RIVICED B ORI LTI CHEIRTnE
ZMLCTwd2d Ly, LaLl, fiEosEe LRI L%
Wk L 72235, VRU 253 10w 3 ICAHEICEREER 2B L T 2 L& %
58, ZOFRBICHSDORENICHNT 5185 (Svenson, 1981) DFETOIT IS 5
H LR,

> HHcoOMEERBRL Y b, EAafTH EoEC, 4 v 7 7 EMHEMER £ 4 7 icBE
LCTw3, Clark (2013) 2M5fiL 7z X S ic, HEROF v 7)) v 7, SHDO4 RV
FOFH, ZLTZENLDTHNICEDSWCTITONAME DT 7 v a v IdHA I B
LT3, HEEHEICKIL DORFRTNIEFWIZE, 2 L T RO E D /N »
38, FIAN—C > CTHAEMERD XA 72 EL2 52 2H0HERKREL RS,
WHAER 2 4 7 A~C I3 BOFRNA R L — AR ERLTEY, FIv 75
AN—FARY P 2B 52 2RPRDEL B2, FIA4N—1F, HEEHO®Z
HICHEE 50, WTLTTL 22, BT 22 ERTZ 5,

> FEORBMEE S HEER &4 7 A~C TREI o722 b, FEERBEL,
S5 2D b RO Y v TV v A NIME TP o T EAIRIA T
% (Kircher and Ahlstrom, 2017) ,

> HEDHE TR, WHEDHIEHIZ R L — XA =0 I i cidz <.,
LA P T I P IAN—DBEICEIESHECE LI, FTI v 7OMEET
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52 xERL Tz, FEROIIE T, ML MHAFERZREST 2 E RNEZ X H
ICRHE L. RAERERE R UGE L <L B 2 TR COERMHFE /v —Fick o TR
L= X TCREEHAFMZREL, AJREICT 2 2 e AbN 50 Livk\y,



