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Abstract
With encounters between trucks and cyclists still being a major safety issue and physical as well as technological improve-
ments far from ubiquitous implementation, training truck drivers in anticipatory driving to improve their interaction with 
cyclists may be a way forward. After a baseline drive in an urban environment, truck drivers inexperienced with urban driving 
received a dedicated training on anticipatory driving, followed by another drive along the same route several weeks later. 
The drivers were also interviewed about their opinion about the training. The drivers’ behaviour changed from before to 
after training, resulting in a better speed management in general, and a more intensive monitoring of the cyclists. There were 
also some improvements with respect to the placement in relation to the cyclist, but this effect was limited mainly because 
truck drivers performed well already before the training. The observed results correspond well to the opinions and feelings 
about the training that were reported by the drivers in the interview. Thus, driver training can possibly be one contributor 
to an increase in safety in urban areas.

Keywords Truck · Driver training · Attention · Glance behaviour · Tactical behaviour

1 Introduction

Approximately, 25% of all cyclist deaths in Europe involve 
a collision with a truck or bus (Richter and Sachs 2017). 
Generally, collisions with trucks are more likely to be fatal 
than collisions with passenger cars (Pokorny et al. 2017). 
One of the more common collision types is when the truck 
turns right (left for left-hand traffic) while the cyclist is 
going straight ahead (Pokorny et al. 2017; Richter and Sachs 
2017). Cyclists also perceive near misses in such right-turn 
scenarios as very scary, because they feel having little con-
trol of how the situation unravels (Aldred 2016). As both 
freight transport and bicycling can be expected to increase in 
the coming years, it is likely that collisions between cyclists 

and heavy vehicles will increase (Pokorny et al. 2017), 
which underlines the need for crash prevention.

Several suggestions on how to physically prevent encoun-
ters between trucks and cyclists have been presented (Cum-
ming 2012; Johnson et al. 2010; Loskorn et al. 2013). How-
ever, rigorous evaluations of their effect are still lacking 
(DiGioia et al. 2017), and a large-scale rebuilding of the 
infrastructure is unrealistic in the short-term perspective. 
Technical solutions meant to alert drivers to cyclists (Ruf 
et al. 2019) or to make traffic light cycles more suitable for 
cyclists (Lu et al. 2018) are being investigated, but it takes 
a long time to achieve high penetration rates, and effects on 
actual crash avoidance still need to be shown.

Training in anticipatory driving in relation to vulner-
able road users (VRUs) is another approach to reduce the 
number of dangerous truck–cyclist interactions. Today, 
with a few exceptions (Pattinson and Thompson 2014), 
there is a general lack of cyclist-related content in driver 
education programmes (Bonham and Johnson 2018). In 
Sweden, interaction strategies with VRUs are not in the 
curriculum of truck driver education, such that it cannot 
be assumed that all drivers are aware of the most prefer-
able interaction patterns. An educational intervention can 
either target the driver’s strategies or focus on changing 
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the tactical behaviour or both (Michon 1985). In this study, 
a training programme dedicated to anticipatory truck driv-
ing contributes to the research needs identified by Pokorny 
and Pitera (2019b).

The potential to change driver behaviour with training has 
been shown in other domains. In Australia, five groups of car 
drivers underwent different interventions, ranging from an 
online learning to a half-day workshop, with varying empha-
sis on strategical and tactical advice. Each treatment led to a 
significantly reduced fuel consumption (Jeffreys et al. 2018). 
A classroom course and simulator training with Finnish 
bus drivers, focusing on adopting the tactical “five golden 
rules of eco-driving”, led to a significant drop in fuel con-
sumption, with further improvements after 6 months (Sull-
man et al. 2015). Also, in-vehicle systems giving real-time 
feedback on the tactical level were found to be effective in 
British simulator studies (Birrell and Fowkes 2014; Birrell 
and Young 2011; Jamson et al. 2015). Results from inter-
ventions focusing on behavioural changes on the strategical 
level were mixed. Stanton et al. (2007) found that training 
can affect aspects of car drivers’ locus of control (Rotter 
1966), and Huang and Ford (2012) showed that a change to 
perceived higher internal control also improved truck driv-
ers’ behaviour. For alertness management, however, which 
mainly involved strategical interventions, the effects of train-
ing were inconclusive (Pylkkönen et al. 2018).

In this study, the evaluation of the training programme 
focuses mainly on potential effects in the scenario where the 
truck turns right with a cyclist intending to proceed straight 
ahead in an intersection, including both strategical and tactical 
levels of the stratified model of driving (Michon 1985). On the 
strategical level, the truck driver needs to be aware of the pos-
sible presence of VRUs. This includes driving at an appropri-
ate speed in locations where VRUs can be present, and having 
a plan for how to scan for their presence and how to act in 
relation to them, depending on the situation at hand. The latter 
also includes communication with the bicyclist. On the tacti-
cal level, the truck driver implements the strategies available 
to him or her. This includes scanning tactics, driving behav-
iour and timing. This, in turn, has implications for the opera-
tional level. For the scenario at hand, Table 1 shows which 
approach situations can lead to which outcomes, depending 
on the traffic situation. If the cyclist is initially ahead of the 
truck (interaction types A–E), the truck driver can choose to 
remain behind, keeping a direct line of sight to the cyclist, or 
to overtake, such that the cyclist is only visible via the mirrors. 
If the truck is stopped or slowed down at the intersection, the 
cyclist may catch up from behind (situations F, G), such that 
the cyclist is visible first via the mirrors but may end up later in 
the truck’s blind spots. Depending on how the situation devel-
ops, the cyclist has different choices. If the truck stays behind, 
the cyclist can choose to continue cycling or to stop to let the 

truck turn first. If the truck is in front of the cyclist, the cyclist 
can additionally choose to remain behind the truck.

One study from Norway investigated interactions between 
cyclists going straight ahead and right-turning trucks in four 
intersections (Pokorny and Pitera 2019a). In a traffic light-
regulated intersection, it was found that the chosen waiting 
positions of both truck drivers and cyclists varied depending 
on other traffic already present. When a truck was already pre-
sent (subset of E, F, G), cyclists were more likely to choose 
a waiting position in which they were visible to the driver. 
Similarly, truck drivers were more likely to stop a few metres 
before reaching the stop line when a cyclist was already pre-
sent at the intersection (D). In 2–8% of all encounters where 
both parts were moving (A–C, subset of E, F), the authors 
identified conflicts, depending on the intersection. These were 
largely related to a situation where the cyclist approached from 
behind, overtaking the truck on the right, with the truck driver 
at the same time initiating the turn. However, due to the study 
being of observational character, it was not possible to assess 
whether the truck driver was aware of the cyclist, and the truck 
drivers’ level of experience was unknown.

A semi-controlled field study (Kircher et al. 2017) was 
conducted to maximise external validity. A confederate 
cyclist guaranteed the presence of at least one cyclist in 
the intersections where the truck had to turn right. Focus 
was solely on the truck driver’s behavioural strategies when 
interacting with the cyclist, and whether the dedicated train-
ing led to any behavioural changes. Specifically, the hypoth-
eses investigated in this paper are:

• The drivers will be aware of their global strategies after 
the training.

• The percentage of time spent speeding and the speed 
variance over the whole drive will be reduced after the 
training.

• The average speed for the whole drive will not have 
changed after the training.

• The number of interactions of types A and D will 
increase, and types C and E will decrease.

• The percentage of time with the cyclist positioned in 
front of the truck will increase.

• The drivers will improve their scanning strategies after 
training. They will notice the cyclist earlier and keep the 
cyclists in the direct line of sight.

• The necessity for reactive behaviour will decrease, and 
thus harsh braking will be reduced.

2  Methods

A sample of 15 truck drivers (3 female; mean age 
39 ± 14 years; years of truck driving: 3.7 ± 3.8 years) were 
recruited via a Facebook-advertisement and via direct 
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contact with local fleets. Recruitment criteria were that they 
had no more than ± 4 dioptres and did not need any other 
correction for vision (because of limitations set by the eye 
tracker used in the study), that they had no or little experi-
ence with driving a truck in an urban area, and that they were 
willing and able to participate in the study.

2.1  Design

Using a within-subject design, each participant was sched-
uled to drive the same route twice, once before and once 
after having received training on anticipatory driving. The 
first drive took place in September/October 2018, the train-
ing was held in March 2019 and the second drive took place 
in April 2019. Two participants could not be scheduled for 
the second drive. The study was approved by the Regional 
Ethics Review Board in Linköping (Dnr 2018/230-31).

2.2  Procedure

The same procedure was used for both driving sessions. 
Before arrival, the participant received detailed information 
about the study. On the day of the study the information was 
repeated, and the participant signed an informed consent 
form. The participant was equipped with a head-mounted 
eye tracker (SMI glasses 2.0, SensoMotoric Instruments, 
Teltow, Germany). The route was driven with an instru-
mented Volvo FL owned by Volvo Trucks of Volvo AB. 
This truck, equipped with a cargo box, is typical for urban 
distribution applications. It was equipped with a data log-
ger (Video VBOX Pro, RaceLogic, Buckingham, UK) that 
recorded speed, latitude/longitude coordinates, and videos 

of the view forward, rearward left, rearward right, and of 
the right side of the truck. The experimenter sat in the pas-
senger seat and provided direction instructions. This was 
done to prevent a possible confounding with familiarity, as 
drivers less familiar with the area might have needed more 
glances to a navigation device than drivers familiar with the 
area. Before the drive, the participant was instructed to drive 
normally, as if they were not participating in a study.

The route was approximately 15  km long and went 
through both the city centre of Linköping, Sweden (right-
hand traffic), and near-city living areas. Traffic density var-
ied with time of day, with busy periods during the morning 
and the late afternoon rush hours and quiet periods during 
the day. In three intersections (Table 2) where the truck 
driver had to turn right, a confederate cyclist had the task 
to cycle straight on, trying to arrive at the intersection at 
approximately the same time as the truck while acting natu-
rally, such that the truck had to respond to the cyclist and 
give way. The only task of the confederate was to ensure 
that traffic was present on the cycle track. The confederate 
changed jacket and varied the usage of a helmet to prevent 
being recognised as the same person in all three intersec-
tions. After the second drive, the participants were inter-
viewed about the training and whether they had changed 
their driving behaviour because of the training.

2.3  Training

The drivers participated in an Efficient Driving course that 
focused on situations encountered in city environments. The 
main principle of efficient driving is to reduce fuel con-
sumption by becoming more self-aware of the traffic one is 

Table 2  The three intersections of interest

The path of the truck is indicated with a red arrow and the path of the cyclist is indicated with a yellow arrow. The analysed distance depended 
on the distance where the confederate cyclist could be visible

Traffic light (TL) No traffic light 1 (NTL1) No traffic light 2 (NTL2)

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

Cycle path, grass and some trees between road 
and cycle path, dedicated lane for left-turning 
traffic, speed limit 40 km/h

Cycle path adjacent to road, one lane, 
speed limit 40 km/h

Analysed distance: 185 m Analysed distance: 516 m Analysed distance: 241 m
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currently in and anticipate what type of traffic one is heading 
into so that one “flows” better through traffic. A side effect of 
an efficient driving style is that anticipation and planning to 
achieve this “flow” make one much more aware of all types 
of surrounding traffic.

The course began with a theoretical section where the four 
main factors that influence fuel consumption in urban areas 
were identified and discussed: Acceleration and Coasting, 
which have medium impacts on fuel consumption along with 
Speed and Braking, which have higher impacts. A two-part 
workshop followed the theoretical section where the drivers 
were given six typical urban driving situations where they 
first needed to identify the surprises a driver could encounter 
in each situation, followed by a brainstorming session as to 
how one could handle each one of the surprises identified. 
The workshop was followed by a practical exercise where 
each driver drove, with an instructor present, approximately 
45 min in traffic around a route through the city centre of 
Linköping. This route was different from the official route 
in the study, but offered similar traffic situations. Instruc-
tors helped the drivers to identify and anticipate potential 
surprises in traffic and gave tips as to how to avoid situa-
tions that would inhibit their flow through traffic. The final 
part of the training consisted of each driver creating their 
own Personal Action Plan where they identified three areas 
where they were good at avoiding surprises in traffic and 
three areas that they could improve in avoiding surprises.

2.4  Analysis

Based on the available video material, 83 right-turn situ-
ations were classified into the interaction types depicted 
in Table 1. One situation was removed beforehand, as the 

confederate had missed the occasion and no cyclist was 
present. Two observers classified all situations independ-
ent of each other. Initially they agreed in 71% of the cases. 
The cases without agreement were classified once more by 
both observers, without checking back to one’s previous 
classification or the other observer’s classification. That 
led to a total agreement rate of 91%. The remaining cases 
with disagreement were reviewed together. This led to a 
slight adaptation of the definition of interaction type E, 
and to agreement in the other cases.

The Observer XT 14.2 (Noldus, Waageningen, The 
Netherlands) was used for detailed video-based data reduc-
tion. For each right turn, the data specified in Table 3 were 
coded manually.

2.5  Post‑driving interviews

Right after the second drive, semi-structured interviews 
were conducted with the participants. The interviews were 
based on an interview guide with four main topics: general 
thoughts and impressions of the training; specific positive 
and negative aspects of the training; thoughts on whether 
the training would have influence on their future driving; 
and thoughts on effects of such training for truck driv-
ers in general. The interviews lasted 5–20 min and were 
conducted in the truck upon finishing the drive. The inter-
views were recorded and transcribed. The analysis was 
content based and focused on the themes of the interview 
guide. However, a specific interest in the analysis was to 
identify if and how the drivers spoke of any new-acquired 
strategies in driving they received from the training.

Table 3  Coding scheme for the interaction of truck driver and cyclist during right turn

Category Description Comment or detailed description

Event (TL, NTL1, NTL2) Start and end of event Interval for data reduction, starting before the cyclist 
can be seen for the first time and ending once the 
turn is completed

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, vis-

ible through the side window
Behind: behind the cabin, only visible through mirrors 

or not at all
Gaze of truck driver (see Fig. 1) Forward: roughly into direction of travel Each glance direction was also encoded 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

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
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3  Results

In the interviews, four main strategies were brought up by 
the participants as something they learned or took special 
notice of from the training. The most brought up strategy 
was to plan acceleration, deceleration and rolling more care-
fully. This was motivated as a means of getting a better flow 
in traffic, decrease fuel consumption and to have a smoother 
ride. By applying this strategy, safety was also thought to 
increase, as it implied lower speeds and better situational 
awareness.

Two of the other strategies mentioned were specially 
aimed at decreasing risks of hitting cyclists. One was the 
situation with the truck driver turning right and thereby 
crossing a cycle path where a cyclist is present. In this situ-
ation, the strategy described by participants implied making 
sure, by adjusting speed accordingly, that the cyclist always 
remains visible through the windscreen. By applying this 
strategy, according to the participants, the risk of losing 
control over the cyclist’s whereabouts could be minimized 
and consequently also the risk of hitting the cyclist. The 
other cyclist-related strategy was to stop before the stop-
ping line in traffic light-controlled intersections with red 
light. Thereby, a better view of waiting cyclists could be 
established, as they would be visible through the windscreen 
during the waiting time. A last strategy that was mentioned 
during the interviews was the importance to communicate a 
lot with other road users, e.g. seeking eye contact and show-
ing intentions.

Mean speed, the standard deviation of speed and the 
percentage of time spent speeding were analysed for the 
whole trip. Due to technical problems with the data collec-
tion for parts of the trip (GPS inaccuracies), these analy-
ses included nine participants in the “after” condition. 
The global mean speed was reduced from 25.0 ± 2.1 km/h 
before to 22.5 ± 2.8 km/h after training (F(1, 13.5) = 5.4; 
p < 0.05). Similarly, the global standard deviation of speed 
was reduced from 16.7 ± 0.8 to 15.6 ± 0.9  km/h (F(1; 
15.0) = 10.7; p < 0.05). Finally, the global percentage of 
time spent speeding was reduced from 7.9 ± 5.3% before 
to 2.3 ± 2.0% after training (F(1, 19.5) = 13.3; p < 0.05). 
Table 4 shows the number of participants who showed an 
increase, respectively, decrease in the analysed variables. 
Some speeding occurred in all drives, both before and after 
the training, with the range being 2.3–21.2% before and 
0.8–6.1% after.

Based on previous research, the cutoff value for harsh 
braking was set to 2.5 m/s2 (Beusen et al. 2009; Larsson and 
Ericsson 2009). A comparison of the number of occasions 
with harsh braking showed a significant increase from 8 (1 
leading to a stop) before to 76 (42 leading to a stop) after 
the training, that is from 0.5 to 8.4 times per driver (mixed 
model analysis of variance; F(1, 9.8) = 84.0; p < 0.05). The 
number of drivers who exhibited harsh braking increased 
from 4 out of 15 before training to 9 out of 13 after training. 
In all but two cases, the initial speed was below the speed 
limit.

The intersections were analysed in more detail with 
focus on the interaction with the confederate cyclist. Mixed 
model analyses with the factors event and condition showed 
that variables related to speed and positioning varied sig-
nificantly between intersections (Table 5, factor event), and 
that there was a behavioural change from before to after 
the training. In the TL intersection, the average speed was 
significantly lower than in the two NTL intersections, and 
mean speeds were reduced by the training. The bicyclist was 
positioned in front less frequently than in the NTL intersec-
tions, but there is a trend that this effect was weakened after 
the training, with similar high shares of frontal positioning 
across intersections, at the cost of the other positions.

Stopping only occurred in the TL intersection. Stop time 
was analysed for the 13 drivers who participated in both 

Fig. 1  Scheme for coding the position of the cyclist and gaze direc-
tion. The overlapping area between forward, respectively, left and 
right was coded depending on the driver’s head movement. A glance 
to the overlapping area without head movement belonged to the “for-
ward” category, whereas a glance involving a head movement was 
coded as “left”, respectively, “right”. The colours of the cyclist cor-
respond to the line of sight indicated in Table 1

Table 4  Number of participants with global data from before and 
after the training who had higher, respectively, lower scores for the 
three global variables tested

Mean speed 
after training

Standard deviation of 
speed after training

Percentage 
speeding after 
training

Higher 1 2 0
Lower 8 7 9
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conditions. Before the training, three drivers did not stop at 
all, while after the training, ten drivers did not stop at all, 
resulting in a total average stop time of 21.9 s ± 4.3 s (or 
27.3 s ± 4.0 s for those who actually stopped) before and 
7.6 s ± 4.4 s (or 32.9 s ± 8.8 s for those who stopped) after 
training. No further inferential analyses were conducted.

The type of intersection also influenced the distribution 
of interaction types used (Table 6). The low traffic volumes 
at the intersections without traffic light prevented interaction 
types D–G from occurring. In NTL2, most drivers chose 
to stay behind the cyclist both before and after the training 
(interaction type A). In NTL1, which is a similar intersection 
as NTL2 except that the cycle track is separated from the 
road with some greenery, this was less common. At the TL 
intersection, a greater variety of behavioural strategies was 
observed. One interaction could not be coded in the before 
condition, as the cyclist had left the intersection before the 
truck arrived.

Further investigations of the speed and positioning-
related variables were conducted per interaction type. For 
the NTL intersections, the mean speed per interaction type 
for the three occurring types (A: 40 cases; B: 12 cases; C: 4 
cases) was compared with a univariate analysis of variance, 
showing no significant difference (F(2, 53) = 1.9). Visual 
inspection of Fig. 2 shows that the percentage of time the 
cyclist spent behind the truck decreased the most for the 
interaction types E and G, with F not being present after 
the training.

The number of glances to and the total dwell time on the 
cyclist upon approach are linked to information collection 
and action planning and are used as proxy for how much the 
driver monitored the cyclist. Depending on the cyclist’s posi-
tion in relation to the truck, the line of sight is either direct 
through the windscreen or the side window, or indirect via 
a mirror, which was considered in the analyses. Descriptive 
results by position are presented in Table 7. An inferential 
mixed-model analysis with the factors event and condition 
was only conducted for the front situation, because the num-
ber of observations in the other two positions was too low for 
reliable results. Generally, the glance frequency to the cyclist 
was higher in the TL intersection than in the NTL inter-
sections (F(2, 78) = 5.0; p = 0.009). There was a significant 
interaction effect with condition (F(2, 78) = 6.4, p = 0.003), 
however, which showed that an increase of glance frequency 
after the training only occurred for the NTL2 intersection.

Figure  2 shows the glances towards the confederate 
cyclist along the approach for each driver over distance. 
The total mean glance duration was 1.2 ± 0.9 s and did not 
differ between events (F(2, 78) = 0.22) or condition (F(1, 
78) = 0.42), even though the individual glances vary sub-
stantially in duration.

Figure 3 shows that the likelihood to monitor the cyclist 
increases with decreasing distance to the intersection. In 
the NTL intersections, the likelihood to monitor the cyclist 
close to the intersection is higher than in the TL intersec-
tion. It appears that in the NTL-intersections, the increased 

Table 5  Mean and standard deviation for speed (in km/h) and the percentage of time the cyclist spent in front of, parallel with, or behind the 
truck per event, including the F values of the mixed-model analysis with the factors event and condition

*Significant at p < 0.05; **Significant at p < 0.01

TL NTL1 NTL2 Event Cond Event * Cond

Before After Before After Before After F(2, 78) F(1, 78) F(2, 78)

Mean speed 12.9 ± 5.1 11.4 ± 5.0 29.1 ± 3.4 24.7 ± 3.5 25.3 ± 3.2 21.5 ± 2.1 109.8** 14.6** 1.1
% Cyclist front 61.6 ± 33.1 87.4 ± 19.6 80.2 ± 15.2 87.2 ± 12.2 91.7 ± 17.4 93.8 ± 16.0 5.6** 6.8* 2.6*
% Cyclist parallel 16.9 ± 16.1 7.7 ± 10.9 18.3 ± 14.1 11.1 ± 10.4 4.2 ± 7.9 3.1 ± 8.3 6.8** 5.2* 0.9
% Cyclist behind 20.3 ± 26.5 4.6 ± 12.0 1.0 ± 4.0 1.8 ± 6.3 3.9 ± 15.0 3.1 ± 11.3 4.4* 2.6 2.7*

Table 6  Percentage of 
occurrences of interaction types 
as per Table 1 before (n = 15) 
and after (n = 13) the dedicated 
training per event and in total

Interaction type TL NTL1 NTL2 Total Total

Before After Before After Before After Before After

A 7.1 15.4 46.7 69.2 86.7 84.6 47.7 56.4 51.8
B 46.7 23.1 6.7 7.7 18.2 10.3 14.5
C 7.7 6.7 7.7 6.7 7.7 4.5 7.7 6.0
D 28.6 46.2 9.1 15.4 12.0
E 50.0 23.1 15.9 7.7 12.0
F 7.1 2.3 1.2
G 7.1 7.7 2.3 2.6 2.4
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Fig. 2  Individual glance patterns towards the confederate cyclist as a 
function of the distance to the intersection (with 0 m indicating the 
end of the event), per event, before and after the training. The red line 
indicates where the truck and the cyclist went parallel, and the black 

line indicates where the cyclist got positioned behind the truck. Note 
that higher speeds generate longer “glance distances” at equal glance 
durations

Table 7  The number of foveal glances to the cyclist and the total 
dwell time on the cyclist per intersection and condition depending on 
cyclist placement, weighted by the percentage of time the cyclist was 

located in front of, parallel with or behind the truck and by the dis-
tance the cyclist was visible (i.e. glances/km)

TL NTL1 NTL2

Front Parallel Behind Front Parallel Behind Front Parallel Behind

n before 15 11 7 15 10 1 15 4 1
n after 13 6 3 13 8 1 13 2 1
# Glances before 34.8 ± 27.7 50.0 ± 52.5 13.7 ± 20.6 23.3 ± 9.4 36.6 ± 9.0 21.6 ± 0 12.9 ± 11.8 29.6 ± 34.2 0
# Glances after 36.9 ± 17.9 49.2 ± 59.2 4.4 ± 7.6 21.2 ± 8.8 31.5 ± 25.0 0 39.9 ± 14.0 48.8 ± 19.4 0
Dwell before 30.0 ± 20.7 59.3 ± 54.1 9.0 ± 13.2 25.9 ± 14.5 46.7 ± 18.3 39.8 ± 0 18.9 ± 15.5 39.6 ± 78.6 0.0
Dwell after 40.8 ± 43.4 33.8 ± 40.9 3.0 ± 5.2 23.0 ± 14.0 46.4 ± 28.5 0 34.6 ± 10.1 36.4 ± 14.8 0.0
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monitoring of the cyclist begins earlier after compared to 
before the training.

3.1  Participants’ perception of the training

All participants thought the arrangement and content of the 
training were good. The positive aspects they put forward 
were the combination of theoretical and practical modules, 
the clear illustration/presentation of certain topics or “facts” 
in graphs, instances where they worked and discussed in 
small groups and the noticeable practical truck driving expe-
rience that one of the course leaders had. There were indi-
vidual differences as to what extent the participants thought 
that they learnt something new, and whether that would alter 
their driving behaviour in the future or not. Some partici-
pants highlighted that they had learned new strategies during 
the course they thought would be beneficial for their driv-
ing. For others, the main content of the course was already 
known, it had been learned during the years as active profes-
sional drivers, but it was still regarded valuable to refresh 
that knowledge. Some participants stated that they did not 
learn anything new since they already applied the content of 
the course in their daily driving.

There were also mixed notions on what the effect of the 
training would be if given broadly to professional drivers. 
Basically, these notions were related to the drivers’ own 
experience of the training. Some had the perception that 
training generally is good, and that there is always content 
that drivers can implement in their driving. Others agreed 
to this, though pointed out that to have long-term effects, 
solely one training occasion would not be enough. Accord-
ing to them, there is a risk that drivers will fall back into 
old habits if the training is not cemented with follow-up 
training. Finally, some of the drivers expressed a scepticism 
towards positive long-term effects of the training. As stated 
by them, drivers who have been working for years driving a 

truck probably have developed and cemented own strategies 
or have already acquired the same knowledge from years of 
practical experience. Instead, it was proposed that training 
of this kind should be integrated in the curriculum of the 
truck driver education.

4  Discussion

The hypotheses described a scenario in which the training 
was expected to lead to changes both on the strategical level, 
including sampling strategies and the planning of position 
with respect to the cyclist, and on the tactical level, with 
appropriate observable speed and positioning adaptations. 
The findings rather appear to point towards a scenario where 
the sampling procedures are changed less than the tangible 
response. The two are interlinked, however, as pointed out 
by Clark (2013). Improved positioning affects the ease with 
which future information sampling can take place, which, 
in turn, can help with effortless fine-tuning of the relative 
positioning.

Looking more specifically at the present data, in the NTL 
intersections most drivers already employed interaction type 
A before the training, and in the TL intersection both sur-
rounding traffic and the traffic light had a high impact on 
the development of the situation. Still, there are indications 
that the truck drivers changed their behaviour within the 
possible range in the TL intersection, with fewer stops and 
a higher percentage of time during which the cyclist was in 
front of the truck.

Based on the reduction of the overall mean speed and 
share of speeding, it can be concluded that the drivers also 
changed their behaviour in other situations along the route 
that were not part of the analysis. While it is positive that 
speeding was reduced after training, it is still a concern that 
speeding also after the training is such a common behaviour 

Fig. 3  Percentage of drivers glancing at the confederate cyclist as a function of the distance to the intersection, per intersection
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in the presence of VRUs, even when taking part in a study 
and being aware of being monitored. Considering this, the 
unpredicted reduction of mean speed in the study may be 
a positive sign of increased behavioural awareness rather 
than a reduction in efficiency. The observed and unpredicted 
increase in harsh braking events is more difficult to explain. 
Given that almost all instances of harsh braking were initi-
ated when driving below the speed limit, and that they in 
more than half of the cases led to a complete stop, this would 
rather indicate a decrease in anticipatory behaviour. A ten-
tative explanation could be that the drivers were still in the 
process of adjusting to a new, efficient driving technique as 
taught in the training, which, according to the trainers, can 
lead to a transient period of over-compensation involving 
harsh braking. To control for this, an additional measure-
ment at a later point in time would have been necessary.

The increase in monitoring closer to the intersection is 
likely due to the imminent interaction, and therefore, the 
exact whereabouts of the cyclist are of higher importance to 
the driver. The NTL intersections were less complex, with 
fewer attentional demands than the TL intersections, which 
may explain the lower likelihood of glances towards the 
cyclist in the latter. On the other hand, in the TL intersection 
speeds were lower, including being stopped, which increases 
the number of glances that can be performed within the same 
distance. More glances are not necessarily better, as long 
as each relevant target is sufficiently attended (Kircher and 
Ahlstrom 2017). In less complex situations like the NTL 
intersections, it is possible that the drivers monitored the 
cyclist more than strictly necessary, as he or she often was 
the only other road user present in the situation. Therefore, 
the absence of obvious changes in monitoring behaviour due 
to the training is not necessarily negative. It may well be the 
case that the drivers’ monitoring behaviour was sufficient 
already before the training, but that the training encouraged 
a better positioning with the cyclist in front of the truck, 
which is beneficial since the cyclist can be monitoring via 
direct sight. In addition, this positioning is positive since it 
prevents a conflict situation in the first place. As the truck 
must slow down before the turn, the cyclist will already have 
passed the intersection before the truck can cross his or her 
path. Also, it communicates to the cyclist that he or she has 
been seen, such that the cyclist can continue confidently, 
making the interaction smooth and efficient.

4.1  Limitations

A design with a comparable control group that did not get 
any training intervention would have been stronger, as poten-
tially confounding factors such as familiarity with the setup 
and route as well as learning effects in between test occa-
sions would have been controlled. For financial reasons, this 
could only have been realised by training fewer participants. 

This was not seen as desirable, given the relatively low num-
ber of participants to start with. Also, as commented upon 
by some of the participants themselves, a one-off training is 
not likely to have a lasting effect. While it is plausible that 
the participants made an extra effort to behave as expected in 
the experimental “after”-situation, their speeding behaviour 
while taking part in a study indicated that they might not be 
influenced too much by the setting.

A drawback of assessing visual monitoring via eye track-
ing is the difficulty to measure information intake via periph-
eral vision. Given the physiological preconditions (Rosen-
holtz, 2016; Wolfe et al. 2017), it is unlikely that peripheral 
vision will suffice to detect or monitor a cyclist in the mir-
ror. A position in front of the truck would make peripheral 
monitoring more feasible and likely. Thus, the monitoring 
frequencies presented here are more likely an underrepresen-
tation for the frontal position than for the positions parallel 
with or behind the truck.

As shown by Pokorny and Pitera (2019a), cyclists adapt 
to the presence of trucks in intersections, for example by 
placing themselves in a position where the truck driver 
can see them at a traffic light. However, they also observed 
numerous situations where the cyclist passed the truck on 
the inside. In the present study, the confederate on the bicy-
cle operated with the goal to provoke an adaptation manoeu-
vre from the truck driver, thereby artificially increasing the 
frequency of this type of manoeuvre, as compared to a com-
pletely natural setting. Therefore, the frequency of the inter-
action types observed here should be viewed as “given that 
the cyclist does nothing to prevent an encounter”. The setup 
also implies that the cyclist’s behaviour cannot be seen as a 
dependent variable.

That said, even though the confederate should ensure 
cyclist presence in the intersections, and even though the 
confederates had practised their riding to ensure comparabil-
ity, the naturalistic setting introduced so much variation that 
it was difficult to categorise interaction types in a meaning-
ful manner. The NTL intersections were easier to control, 
as traffic volumes were low, and no traffic light disrupted 
the flow. However, the cyclist still had to judge the speed of 
the truck well in advance, to match his or her own speed in 
such a manner that the encounter would seem natural. The 
TL intersection was more problematic. If the traffic light 
was red, other traffic could already be waiting when the 
truck arrived. This situation was difficult for the confeder-
ate cyclist to handle, as the other traffic would typically grant 
right of way to the VRUs present. If the traffic light for cars 
was green upon arrival, the traffic light for cyclists travelling 
into the same direction was not necessarily green, prevent-
ing an encounter from occurring. Depending on the traffic 
light status, the cyclist had to be visible in front already 
when the truck approached (Types A–E) or would show up 
only after the truck was already positioned at the intersection 
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(Types F, G) for a naturalistic interaction. The categorisa-
tion of encounters into interaction types was an attempt to 
reduce the variance while still keeping the essential aspects 
of the manoeuvre. While the observers arrived at very simi-
lar judgements, especially after some practice, there is still 
variance of qualitative character within the categories, and 
the driver intention is not accessible for any observation.

4.2  Future work

The training in the current study was focused on efficiency as 
the main “end product”, saving time and fuel with increased 
traffic safety as a welcome side effect. An evaluation of the 
same strategies taught as either efficiency or safety centred 
could give an indication of whether the marketing makes 
a difference, and in which direction this difference would 
point.

5  Conclusions

Changes in the drivers’ behaviour from before to after train-
ing could be observed, such as better speed management, 
possibly improved strategies when interacting with VRUs, 
and more intensive monitoring of cyclists. This corresponds 
to the drivers’ reported feeling about the training. It is there-
fore likely that dedicated training on anticipatory driving can 
improve truck drivers’ interactions with cyclists and lead 
to a safer traffic environment. However, improvements in 
the infrastructural design, vehicle design, regulations and 
technology are still a necessary factor.
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