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Abstract 

Severe and fatal accidents between cyclists and motor vehicles are common at intersections, and many involve 

right-turning vehicles, with drivers not observing an adjacent cyclist. Few structured investigations exist regarding 

the interaction between the two, and factors to be studied are how infrastructure and vehicle properties affect 

human decision-making and cycling behaviour. Therefore, a bicycle simulator study was performed, where vehicle 

type, lane markings and width were systematically varied in a scenario with a cyclist approaching a vehicle from 

behind at an intersection. 33 participants each cycled through 8 intersections. Data on cycling trajectories, stopping 

points and speed was coupled with survey data and semantically categorized verbal responses to questions 

regarding strategy for choice of stopping point. Results show that all three factors (vehicle type, lane markings and 

available vehicle-adjacent space) significantly affects cyclists’ behaviour (lateral and longitudinal stopping 

position), speed choice and verbally expressed conscious strategies.  
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1. Introduction 

1.1. Background 

Cycling has substantial health benefits (Fishman, Schepers, & Kamphuis, 2015) and contributes to a sustainable 

society (Pucher, Buehler, Bassett, & Dannenberg, 2010). However, cyclists are among the most vulnerable road 

users, both considering the likelihood of being involved in a crash (Rowe, Rowe, & Bota, 1995; Schieber & Sacks, 

2001), and the consequences that result from crashes involving a cyclist (Kim, Kim, Ulfarsson, & Porrello, 2006; 

Rowe et al., 1995). Often, drivers do not detect cyclists until it is too late to avoid a collision (Kwan & Mapstone, 

2004; Wood, Lacherez, Marszalek, & King, 2009). 

 

Of all traffic fatalities in the EU countries, the mean percentage of bicycle fatalities has increased from 7.2% in 

1991 to 8.5% in 2013 (Xcycle, 2016). According to the same report, collisions with cars cause 52%, with heavy 

vehicles and bus/coach 24%, and with motorized two-wheelers 2% of cyclist deaths in the EU countries. In 

Sweden, the corresponding values are 45%, 14% and 7% (Trafa, 2014). Accident data from North Carolina, USA, 

suggest that in 70% of the cases where a cyclist was seriously or fatally injured, the cyclist moved with the direction 

of traffic. The most common accident location was a shared travel lane (82%) (Kim et al., 2006). Increasing 

presence levels of vans, large automobiles, and truck traffic have been shown to be associated with higher collision 

risks (Ackery, McLellan, & Redelmeier, 2011; Vandenbulcke, Thomas, & Panis, 2014). At intersections, one of 

the most frequent types of bicycle – motor vehicle collisions is when a driver is turning right and a bicycle 

approaches from behind to the driver’s right (assuming right-hand traffic) (Kaplan & Prato, 2013; Kim et al., 2006; 

Preusser, Leaf, DeBartolo, Blomberg, & Levy, 1982; Räsänen & Summala, 2000).  

 

In a focus group study on the interaction between cyclists and motor vehicles carried out at VTI, it was concluded 

that both truck drivers and cyclists are frustrated about the current situation regarding safety and communication, 

and the risks that they perceive have strong evidence in the literature. Possible ways to improve the situation were 

suggested, in order of priority: improved visibility of cyclists, education of cyclists, more warnings on trucks 

(sound and light) to highlight their presence, and improved infrastructure (Thorslund & Kircher, 2018).  

 

Several studies have shown that bicycling is more common among males, both in frequency and distances (Heesch, 

Sahlqvist, & Garrard, 2012; Munro & Sinclair, 2011; Sahlqvist & Heesch, 2012). However, individual, social, and 

physical factors have all been shown to play an important part in determining bicycle use and these influences are 

often the same for men and women (Emond, Tang, & Handy, 2009; Xing, Handy, & T.J., 2008). According to 

Heesch and colleagues (2012), most men and women do not prefer to cycle on-road without designed bicycle 

lanes, and qualitative data indicated a strong preference by men and women for bicycle-only paths. The main 

constraints for both genders and both cycling purposes were perceived environmental factors related to traffic 

conditions, motorist aggression and safety (Heesch et al., 2012). In previous studies at VTI, cyclist type has been 

suggested to be more relevant than age and gender (Kircher, Ihlström, Nygårdhs, & Ahlstrom, 2018; Kircher, 

Nygårdhs, Ihlström, & Ahlstrom, 2017).  

1.2. Aim and research questions 

The aim of this study was to use a controlled environment to examine the typical behaviour among cyclists when 

passing an intersection and determine some of the factors that may influence decisions that are made. The 

following research questions were formulated: At an intersection, with a vehicle waiting for a green light, where 

do cyclist place themselves depending on 1) Vehicle type (car or truck), 2) Lateral space next to the vehicle, and 

3) Presence or absence of cycle lane road markings. 
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2. Method 

2.1. Participants 

A gender-balanced group of subjects was recruited by advertising in social media. To obtain as homogenous a 

group as possible, the inclusion criteria was cycling almost daily, age 30-50 years and height 170-180 cm. The 

last criterion was necessary to facilitate a similar perception of the simulated world.     

2.2. Design and scenario 

The bicycle simulator at VTI (Bruzelius, 2018) was used, with a scenario with the cyclist approaching a red traffic 

light, where a single vehicle is waiting. Effects of lateral space next to vehicle, cycle lane markings, and of vehicle 

type (car or truck) at the traffic light on cyclist behaviour were examined by creating combinations of these 

parameters in 8 different conditions according to Table 1. The presentation order of conditions was balanced using 

the “Latin squares” design by Williams (1949). 

 

Table 1 Study design. Each participant cycled 8 times, covering all combinations.  

Condition number Width 

Narrow Wide 

Cycle lane 

marking 

Car 1 5 

Truck 2 6 

No cycle 

lane marking 

Car 3 7 

Truck 4 8 

 
Figure 1 Sample picture of condition 4, Narrow, No cycle marking, Truck 

Longitudinally, zero is the stop line at the red light, and start position is approximately 80 meters before the stop 

line (-80). The following longitudinal positions are defined: a is the rear end of car (-11.4 m), b is the rear end of 

truck (-16.2 m), c is placed between the end of truck and the start position (-46.3 m). Laterally, zero is the centre 

line (no centre line marking is present) and the right roadside is at -4 m.  

2.3. Procedure 

Upon arrival participants were given oral and written information about the test before giving an informed consent. 

After that they were asked to fill in a pre-questionnaire including demographics and questions regarding their 

cycling habits. The participants were then introduced to the cycle simulator and completed a practice scenario to 

get used to the simulator. During the test scenario, participants cycled 8 times through variants of an intersection 

according to the conditions in Table 1. A test leader was sitting behind the cyclist throughout the test and asked 

questions as the participant stopped after each intersection. These were open-ended questions regarding why he or 

she chose that position to stop, and what it felt like to stop there. The answers were entered directly into a 

spreadsheet document to facilitate merging with simulator data.   

2.4. Analysis 

A split-plot-factorial ANOVA was run in SPSS, with condition as within-subject factor and cyclist type as 

between-group factor. The presenting order of the conditions was included as a covariate. Mauchley’s test of 

sphericity was >0.05 for speed at a and speed at b, which indicates that sphericity can be assumed, but <0.05 for 

the other measures, where values were instead taken from Greenhouse Geisser. The significance level was set to 

p = 0.05.  

 

All answers to the interview questions asked after each intersection were categorised according to explicit mention 

(positive or negative) of any of the three investigated situational variables lane width, cycle lane marking, and 

vehicle type. Similarly, any mention of choices regarding stop location were categorized according to explicit 

mention of strategy-related concepts. The concepts both for positive and negative situational descriptions as well 

as strategic choices were iteratively identified during the content analysis process. The method employed here is 

descriptive.  
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3. Results 

3.1. Participants 

In total, 33 participants (15 male and 18 female) took part in the study. Their mean age was 40.5 (SD = 6.1) years. 

Two female participants did not complete the whole test due to simulator sickness. One opted out after 4 conditions 

and the other after 6 conditions, leading to 4 and 2 missing data points, respectively. The participants were assigned 

to cyclist type categories according to their responses to the question regarding their regular cycling speed 

compared to others. Three participants responded that they take it easy (category 1), 17 that they cycle as fast as 

most people (category 2) and 11 that they cycle faster than most people (category 3).  

3.2. Stop position 

There was a significant main effect of condition on the longitudinal stop position, F(5.192, 140.190) = 7.325, p < 

0.0005. Condition 4 had a stop position significantly farther behind the stop line compared to condition 1 (mean 

difference = 6.01 m, p = 0.002), condition 5 (mean difference = 8.71 m, p < 0.0005), condition 6 (mean difference 

= 6.44 m, p = 0.01), and condition 7 (mean difference = 6.52 m, p < 0.0005). The average stop position of condition 

4 was 2 m behind the truck. Condition 5 had a stop position significantly closer to the stop line compared to 

condition 1 (mean difference = 2.70 m, p = 0.025), condition 2 (mean difference = 4.50 m, p = 0.006), condition 

3 (mean difference = 8.24 m, p = 0.028), condition 4 (mean difference = 8.71 m, p < 0.0005), condition 7 (mean 

difference = 2.19 m, p = 0.026), and condition 8 (mean difference = 4.95 m, p = 0.016). The average stop position 

of condition 5 was next to the car. There was no significant main effect of cyclist type on longitudinal stop position 

and no significant interaction effect. Estimated marginal means are displayed in Figure 2.  

 

  
Figure 2 Estimated Marginal means of longitudinal stop position for 

each condition (1-8). Condition 4 (Narrow-No Lane-Truck) made 

participants stop farthest from the stop line and condition 5 (Wide-

Lane-Car) closest.  

Figure 3 Estimated marginal means for lateral stop 

position displayed by category. Cyclist type 1 (blue) 

stops significantly more to the left compared to 

cyclist type 2 (red) and 3 (green). 

For lateral stop position, there was no significant main effect of condition, however a significant main effect of 

cyclist type, such that participants in category 3, compared to participants in category 1, stop 0.36 m more to the 

right, F(2, 27) = 3.762, p =0.036. There was also an interaction effect of condition and cyclist type on lateral stop 

position, such that cyclist type 1 stopped significantly more to the left in most conditions (2,3,4,7,8), F(4.069, 

54.937) = 2.672, p = 0.041. These correspond to the conditions where the average longitudinal stop position for 

cyclist type 1 was behind the vehicle. See Figure 3 for estimated marginal means of lateral stop position.  

3.3. Lateral position at pre-defined longitudinal coordinates 

There was a trend but no significant main effect of condition on lateral position at a, F(2.362, 63.770) = 2.882, p 

= 0.055. No significant main effect of cyclist type was found, but a significant interaction effect of condition and 

cyclist type on lateral position at a, such that again cyclist type 1 compared to cyclist type 2 and 3, placed 

themselves more to the left at most conditions (2,3,4,7,8), F(4.724, 63.770) = 3.004, p = 0.019. Again, this is a 

consequence of cyclist type 1 stopping behind the vehicle. See Figure 4 for estimated marginal means for lateral 

position at a.  
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Figure 4 Estimated marginal means for lateral position at a 

displayed by category. Cyclist type 1 (blue) stops 

significantly more to the left compared to cyclist type 2 (red) 

and 3 (green).  

Figure 5 Estimated marginal means for lateral position at b 

displayed by category. Cyclist type 1 (blue) stop 

significantly more to the left compared to cyclist type 2 (red) 

and 3 (green). 

There was no significant main effect of condition on lateral position at b and neither was there a significant main 

effect of cyclist type, but again the same pattern appears as a results of cyclist type 1 being more prone to stop 

behind the vehicle, and a significant interaction effect of condition and cyclist type on lateral position at b was 

revealed, such that cyclist type 1, compared to cyclist type 2 and 3, placed themselves more to the left at most 

conditions (2,3,4,7,8), F(4.384, 59.183) = 3.046, p = 0.021. Estimated marginal means by category are displayed 

in Figure 5. There were no significant effects of condition or cyclist type on lateral position at c. Neither was there 

an effect of order on any stop position measures.  

3.4. Speed 

There was a significant main effect of condition on the speed at a, such that condition 4 has significantly higher 

speed compared to condition 1 (mean difference = 1.086 m/s, p = 0.042) and condition 5 (mean difference = 1.190 

m/s, p < 0.022), F(7, 189) = 2.547, p = 0.016. This is a consequence of the average stop position being far from a 

in condition 4 and close to a and in condition 1 and 5. No significant main effect was found of cyclist type and 

neither was there an interaction effect of condition and cyclist type. See Figure 6 for estimated marginal means. In 

the plot, it looks like there would be a large difference between condition 4 and condition 7 in speed at a, however 

this was not significant (p = 0.19). There was no significant main effect of condition or cyclist type on speed at b. 

However, a significant interaction effect was revealed, again as a consequence of cyclist type 3 being more prone 

to stop behind vehicles, such that cyclist type 1 rode significantly slower compared to cyclist type 2 and cyclist 

type 3 at condition 7, F(14,189) = 2.057, p = 0.016. See Figure 7.  

 

There was a significant main effect of condition on the speed at c, such that speed was significantly higher at 

   

Figure 6 Estimated Marginal means of 

speed at a for each condition (1-8). 

Condition 4 (Narrow-No Lane-Truck) 

made participants go fastest and condition 

5 (Wide-Lane-Car) slowest.  

Figure 7 Estimated marginal 

means for speed at b displayed by 

category. At condition 7 cyclist 

type 1 (blue) rode significantly 

slower compared to cyclist type 2 

(red) and 3 (green).  

Figure 8 Estimated Marginal means of 

speed at c for each condition (1-8). 

Condition 7 (Wide-No Lane-Car) made 

participants go fastest and condition 2 

(Narrow-Lane-Truck) slowest.  
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condition 7 compared to condition 2 (mean difference = 0.585 m/s, p = 0.048), F(3.56, 96.06) = 5.943, p < 0.0005. 

Also a main effect of cyclist type was revealed, such that cyclist type 3 rode significantly faster than cyclist type 

1 (mean difference = 1.523 m/s, p = 0.038), F(2,27) = 4, 968, p = 0.0015. No interaction effect of cyclist type and 

condition was revealed. See Figure 8 for estimated marginal means on speed at c. No effect of order was found on 

any of the speed measures.  

 
Table 3. Trajectories for all participants represented by individually coloured lines, plotted in the x-y-plane for each of the 8 

conditions. Each participant started at approximately x = -80 m, with the stop line at the signalized intersection at x = 0 m. 

The initial position of the car or truck is indicated by an overlaid rectangle. N.B. that the scales for x and y are not the same.  

 
 

 

 
 

 

 
 

 

  
 

1 5 

2 6 

3 7 

4 8 
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3.5. Verbal responses 

Results regarding verbal responses to the two interview questions “why did you stop there” and “what did it feel 

like” are described here in terms of number of concept mentions (in brackets). In Error! Reference source not 

found., 112 positive remarks regarding the situation or environment are shown, with the dominant remark relating 

to the presence of lane markings, followed by reference to ample space or lane width. Condition 5 received the 

largest number of positive remarks (25), followed by condition 1 (19).  

The 136 negative remarks in Error! Reference source not found. are dominated by explicit mention of the vehicle 

type “truck” (41), followed by space constraint (37), and lack of lane markings (23). Condition 4 dominates with 

34 negative remarks, followed by 23 for condition 3 and 22 for condition 2. 

 
Figure 10 Negative remarks regarding the situation in answer to the questions “why did you stop there” and “what did it feel 

like”, after each intersection. Numbers are given by condition (1-8) and cyclist type (CT, 1-3) Truck, narrow space and lack of 

lane markings are the most frequent remarks, and conditions 4, 3 and 2 the most mentioned conditions, in falling rank. 

Regarding strategies explicitly mentioned, where a total of 184 are shown in Figure 11, positioning oneself either 

ahead (55) or behind (38) are strategies mentioned in conjunction with reasons such as obtaining a good overview 

(39), providing high visibility (32), avoiding the “dead angle” (22) and to be prepared for the vehicle turning right 

without use of indicators (13). Of the 259 stops that were registered, 117 stopped behind a, of which 98 made 

explicit negative situational reference to different objects or properties noticed: 27 to the truck, 22 to the narrow 

lane, 21 to the lack of lane markings, 14 to the risk of not being seen, and the remaining 14 to other objects.  

 

Figure 9 Positive remarks regarding the situation in answer to the questions “why did you stop there” and “what did it feel 

like”, after each intersection. Numbers are given by condition (1-8) and cyclist type (CT, 1-3). Lane markings and ample 

space are most frequent, and conditions 5 and 1 tally the highest number of positive remarks. 
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Discussion 

The aim was to examine the typical behaviour among cyclists when passing an intersection with a vehicle waiting 

at red light, and some of the factors that influence decisions that the cyclists make about where to place themselves. 

The results in relation to each research question are discussed in this chapter, followed by a method discussion.  

3.6. Vehicle type (car or truck) 

The most significant difference of longitudinal stop position was between the two straight opposites, condition 4 

(Narrow-No Lane-Truck) and condition 5 (Wide-Lane-Car). For condition 4, the average stop position was behind 

the truck, and for condition 5 it was next to the car, which corresponds to the verbal expressions of being visible 

and avoiding the “dead angle”. This suggests an effect of vehicle type.   

 

The choice of stop position also affected the speed measures. In condition 4, participants had a higher speed at a 

compared to in condition 1 and condition 5, since they stopped before a and had cycled 7 m when passing a.  

The speed at c was significantly higher at condition 7 (Wide-No Lane-Car) compared to condition 2 (Narrow-

Lane-Truck), as reflected in a stop position 2 m closer to the stop line. This further supports an effect of vehicle 

type. The increased caution associated with the presence of a truck is motivated and in line with previous statistics 

and studies showing that cyclist moving with the traffic is at high risk and especially on a shared lane (Kim et al., 

2006) and with large vehicles present. (Ackery, McLellan, & Redelmeier, 2011; Vandenbulcke, Thomas, & Panis, 

2014). 

 

Looking at verbal responses, “Truck” has the most negative remarks (41) and condition 4 dominates with 34 

negative remarks, whereof “Truck” was most frequent. There were only a few (5) negative remarks for “Car”, 

which strongly supports the influence of vehicle type on the cyclists’ decisions about where to place themselves. 

This is all in line with the strategies explicitly mentioned and displayed in Figure 11. Positioning oneself either 

ahead or behind the vehicle are strategies mentioned in conjunction with reasons such as obtaining a good 

overview, providing high visibility, avoiding the “dead angle”, and to be prepared for the vehicle turning right 

without use of indicators, which is one of the most frequent types of bicycle – motor vehicle collisions (Kaplan & 

Prato, 2013; Kim et al., 2006; Preusser, Leaf, DeBartolo, Blomberg, & Levy, 1982; Räsänen & Summala, 2000). 

Of those who stopped behind point a, the truck (27), was the highest ranked negative factor with the risk of not 

being seen (14) being the fourth. All 27 observations for truck are, as expected, in the conditions where the truck 

was present, as are 12 of the 14 regarding the risk of not being seen. Lateral space next to vehicle. As described 

above, at condition 4 (Narrow-No Lane-Truck), the average longitudinal stop position was behind the truck. This 

was significantly farther behind the stop line compared to for condition 5-7. The latter all have the wider lateral 

space in common, which shows the effect of this factor.  

In condition 5 (Wide-Cycle Lane-Car), participants longitudinal stop position was significantly closer to the stop 

line compared to all other conditions but 6 (Wide-Cycle Lane-Truck). This also demonstrates the influence of 

Figure 11 Strategic considerations by cyclist type in answer to the questions "why did you stop there" and "what did it feel 

like", after each intersection. Stopping ahead or behind the vehicle are most frequent placement strategies. Most frequent 

reasons are to obtain good overview, visibility, avoiding the so-called dead angle and to be prepared for the vehicle turning 

right without use of indicators.  

0 10 20 30 40 50 60

Stop ahead (55)
Stop adjacent (9)
Stop behind (38)

According to habit (6)
Keep distance (5)

Good overview/sight (39)
High visibility (32)

Keep rolling (6)
Stay protected (3)

Avoid "dead angle" (22)
Anticipate unsignalled turning (13) Strategic considerations

Cyclist type 1
Cyclist type 2
Cyclist type 3



Thorslund, Lindström, Käck / TRA2020, Helsinki, Finland, April 27-30, 2020 

 

9 

 

width, which is the common factor of condition 5 and 6. Further support is found amongst the verbal responses. 

Space constraint was the largest category of the negative remarks (37) and naturally these and mention of the fence 

(10) are more common in the narrow conditions (1-4). Regarding positive remarks, space and lane width (37) was 

the second largest category after lane markings with the bulk (32) mentions in the wide conditions (5-8). Of those 

who stopped behind point a, the narrow lane (22) was the second most common negative factor mentioned, with 

the fence (6) also being explicitly mentioned. Again, this cautiousness is motivated and supported by previous 

literature (Ackery et al., 2011; Kim et al., 2006; Vandenbulcke et al., 2014).   

3.7. Presence or absence of cycle lane road markings 

Looking at the longitudinal stop position in Figure 2, for the conditions without road markings (3,4,7,8), the 

participants has consequently stopped farther behind the stopping line, compared to their corresponding conditions 

with road marking (1,2,5,6). Even if only significant at the wider lateral space and when the vehicle was a car, this 

consistent pattern suggests an effect of cycle lane road marking. This is supported by the verbal responses, were 

the dominant positive remark was relating to the presence of lane markings (56). The largest number of positive 

remarks was received by condition 5 (25), followed by condition 1 (19) and they both have lane markings. Further 

support is found amongst the negative remarks, where “No marking” was the third most common (23). Of the 

participants who stopped behind a, absence of lane markings (21) were also the third most common negative factor 

explicitly mentioned, which is in the same order of magnitude as the corresponding result for vehicle type and 

space to next the vehicle. This result corresponds to the previous study by Heesch and colleagues (2012), 

concluding that most cyclist prefer designed bicycle lanes or, even better, bicycle-only paths.  

3.8. Cyclist type 

Effects of cyclist type was apparent for lateral position measures (at stop, a, b), where compared to the other 

categories, cyclist category 1 (take it easy) stopped more to the left in most conditions. Also, participants in 

category 3 (faster than most people), compared to participants in category 1, stop more to the right. The effect of 

cyclist type has been shown in previous studies conducted at VTI (Kircher, Ihlström, Nygårdhs, & Ahlstrom, 2018; 

Kircher, Nygårdhs, Ihlström, & Ahlstrom, 2017) and this is an important factor to include when designing and 

infrastructure. As can be expected, there was an effect of cyclist type on cycling speed, since participants were 

categorized after self-rated cycling speed compared to others. This was significant at b during condition 7 (Wide-

No Cycle Lane-Car), where participants in category 1 cycled slower, which indicates that the extra space was 

needed for the difference in speed to appear significant. Participants in category 3 cycled significantly faster than 

those in category 1 also at c, where there is plenty of space for all conditions, which supports this interpretation.  

3.9. Method discussion 

Having participants report on a Likert-type scale would have been useful when asking how participants felt at the 

position where they have stopped. That would have enabled direct quantitative comparison in the analysis. A 

technical property of the simulator visualisation system made it necessary to ensure that all subjects had 

approximately the same viewing position and viewing angle, requiring participants to be of a specific height. A 

more adjustable bicycle rig would rectify this. A presentation-order randomisation scheme was employed to, if 

possible, eliminate order effects. Post-hoc analysis of the quantitative data showed no such effects. The training 

and post-experiment runs that were included in the study to enable order effect normalization were therefore not 

needed.  

 

4. Conclusions 

The effect of vehicle type was clear. With a truck present, participants were more cautious, which was reflected in 

their choice of position (both when cycling and stopping), cycling speed and verbal expressions regarding the 

situation and their conscious and strategic choice of positioning.  

 

Lateral space is also a factor significant for the cyclists’ behaviour and feeling of safety. This was reflected in their 

stop position and clearly expressed verbally.  

 

Cycle lane or road markings have a positive effect of cyclists feeling of safety, which was revealed by their 

positioning and speed, but even more apparent in the verbal expressions.  
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Cyclist type matters and to increase cycling, this needs to be considered when designing intersections. Participants 

who have stated themselves as cycling faster compared to others, choose a stopping position more to the right and 

participants describe themselves as cycling slower than others, stop more to the left.  
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