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Abstract 12 

Nowadays, Spanish two-lane rural roads frequently accommodate sport cyclists. They usually 13 

ride on the shoulder or on the right edge of the lane, sharing the infrastructure with motorised 14 

vehicles. Due to the speed difference between road users, the most frequent and dangerous 15 

interaction is in overtaking manoeuvres. One key factor from a safety and traffic operation point 16 

of view is the overtaking duration. The main aim of this paper is to analyse how factors related 17 

to the road, the cyclists, and the overtaking manoeuvre influence the duration of overtaking to 18 

cyclists on two-lane rural roads. Naturalistic field data were obtained using instrumented 19 

bicycles. Seven groups of cyclists, formed by different numbers of cyclists riding in-line and two-20 

abreast, rode along five rural roads with different geometric and traffic characteristics. A total 21 

of 1592 flying manoeuvres, in which drivers did not reduce their speed, and 192 accelerative 22 

manoeuvres were analysed. The overtaking duration, considering each overtaking strategy, was 23 

modelled using Bayesian statistics. Results showed that flying manoeuvres were more prevalent 24 

than accelerative. They were performed with higher speeds and lower lateral clearances and, 25 

therefore, presented lower overtaking durations. For both overtaking strategies, duration 26 

increased on wider roads and with a larger size of the group. The presence of an oncoming 27 

vehicle decreased the overtaking duration. However, other factors presented opposite effects 28 

on the duration depending on the overtaking strategy. The developed predictive models allow 29 

obtaining overtaking durations varying road and cyclist grouping characteristics. Results can be 30 

used by road administration to manage and propose some specific countermeasures to 31 

integrate the cyclists in a safe and efficient way on two-lane rural roads. 32 

Keywords: Cycling safety, Overtaking duration, Two-lane rural road, Instrumented bicycle, 33 

Bayesian modelling 34 

1 Introduction 35 

Although Spanish two-lane rural roads were designed primarily for motorised vehicles, the 36 

presence of sport cyclists is now common on them. In fact, cycling is the third most practised 37 

sport in Spain, with 74,768 federated cyclists in 2019 (Ministerio de Cultura y Deporte, 2020). 38 

mailto:samolmon@upvnet.upv.es
mailto:grilomal@tra.upv.es
mailto:alexander.rasch@chalmers.se
mailto:marco.dozza@chalmers.se
mailto:agarciag@tra.upv.es


2 
 

However, most of Spanish two-lane rural roads do not have a specific cycling infrastructure, as 39 

is common in other European countries. This fact implies that cyclists and motorised drivers 40 

have to share the road and closely interact. Even though the number of federated cyclists 41 

remains stable in the last three years, the number of fatal accidents involving cyclists on rural 42 

roads has not decreased, occurring around 50 fatal accidents per year (Dirección General de 43 

Tráfico, 2019). This fact highlights the need to investigate the interactions between cyclists and 44 

drivers on rural roads, in order to integrate bicycle traffic in a safe and functional way. 45 

While in urban environment crossing scenarios account for most of the crashes between drivers 46 

and cyclists (Brown et al., 2021), due to the differences in terms of speed, volume, and 47 

protection system, the most frequent and dangerous interaction between cyclists and motorists 48 

on rural roads is the overtaking manoeuvre (Bella and Silvestri, 2017; Llorca et al., 2017). In 49 

Spain, the overtaking manoeuvre is regulated; in fact, cyclists have to ride on rural roads on the 50 

shoulder or on the right edge of the road (if the shoulder is impassable) and the minimum lateral 51 

distance to overtake them is 1.5 m (Ministerio del Interior, 2003). Previous research has 52 

explored the overtaking to cyclists with different aims, although most of these studies were 53 

focused on safety, analysing the minimum lateral clearance between the overtaking vehicle and 54 

the bicycle during the manoeuvre. Rubie et al. (2020) performed a complete systematic review 55 

of 42 published papers related to the influence of several factors on the lateral passing distance. 56 

The studies that analysed the lane width effect stated that wider lanes increased the lateral 57 

clearance (Llorca et al., 2017; Debnath et al., 2018; Feng et al., 2018; Chapman and Noyce, 2014; 58 

Bella and Silvestri, 2019; Mecheri et al., 2020). The effect of the shoulder width on the lateral 59 

clearance was not significant in the studies realised by Dozza et al. (2016) and Mecheri et al. 60 

(2021), while García et al. (2015) obtained higher lateral clearances when wider shoulders were 61 

present. The presence of on-road bicycle lane was also analysed. Some studies concluded a 62 

negative effect of bicycle lanes on lateral clearance (Beck et al., 2019; Debnath et al., 2018; Feng 63 

et al., 2018), while Bella and Silvestri (2019) obtained a higher lateral clearance when a bicycle 64 

lane was present. These contradictory results can be explained by Mackenzie et al. (2021), who 65 

concluded that when a bicycle lane was present, a higher lateral clearance was generally 66 

observed, but in the case of roads with high traffic volumes and higher speed limits, the effect 67 

was opposite. The effect of the horizontal alignment was also studied, comparing overtaking 68 

manoeuvres realised on tangents and on curves. Tangents presented higher lateral clearances 69 

than curves in three studies (Debnath et al., 2018; Llorca et al., 2017; Garcia et al., 2019), while 70 

a contrary conclusion was obtained by Bella and Silvestri (2017). Related to traffic factors, the 71 

presence of an oncoming vehicle was correlated with lower lateral clearance (Dozza et al., 2016; 72 

Llorca et al., 2017; Feng et al., 2018; Kovaceva et al., 2018; Bianchi Piccinini et al., 2018; Rasch 73 

et al., 2020a). 74 

Dozza et al. (2016) analysed the overtaking manoeuvre from the driver's point of view, 75 

identifying four phases of the manoeuvre: approaching, steering away, passing and returning. 76 

As a conclusion to their study, although lateral clearance is a key safety indicator, they stated 77 

that overtaking is a long and complex process that has to be fully described and analysed 78 

considering not only lateral clearance, but also more performance measures. Some of the 79 

previous studies included other safety indicators, additionally to lateral clearance, as overtaking 80 

vehicle speed, overtaking strategy or cyclist risk perception of overtaking events. Llorca et al. 81 

(2017) identified aerodynamic forces, measured by combining lateral clearance and vehicle 82 
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speed, as the variables most correlated with the risk of the cyclists overtaking manoeuvre. Rasch 83 

et al. (2020a) considered not only the lateral clearance when the vehicle was in parallel to the 84 

bicycle, but also the safety margins for all potential collisions, introducing all phases of the 85 

overtaking manoeuvre in the safety analysis. 86 

Another key factor related to the overtaking manoeuvre to cyclists is the overtaking strategy. 87 

Dozza et al. (2016) defined three types of overtaking strategy regarding the overtaking to 88 

cyclists: the flying strategy, in which drivers overtake cyclists while keeping their speed relatively 89 

constant; the accelerative strategy, in which drivers slow down and follow the cyclist for some 90 

time before passing; and the piggy backing strategy, adopted by drivers who follow the lead 91 

driver, so that two or more cars in a row overtake the cyclists. Previous studies focused on the 92 

differences between the strategy in which the overtaking manoeuvres are performed. Most of 93 

them related accelerative manoeuvres with higher lateral clearances (Dozza et al., 2016; Bianchi 94 

Piccinini et al., 2018; Rasch et al., 2020a). Farah et al. (2019), on the contrary, obtained lower 95 

lateral clearances for accelerative manoeuvres. In these previous studies, the accelerative 96 

strategy was considered safer since lower overtaking vehicle speeds were registered, and drivers 97 

had better control of the interaction with the cyclist and a possible oncoming vehicle. Bianchi 98 

Piccinini et al. (2018) concluded that the combination of lower safety margins and higher mean 99 

speeds in flying manoeuvres seems to pose a risk for cyclists. Therefore, when cyclists ride on 100 

two-lane rural roads, the overtaking manoeuvre type has a very important role. 101 

Even though the overtaking manoeuvre to cyclists has been analysed in depth in recent years, 102 

most of these studies considered only one cyclist riding individually. In Spain, the presence of 103 

groups of cyclists on rural roads is very common, as revealed by the number of federated cycling 104 

clubs, which was 3878 in 2019 (Ministerio de Cultura y Deporte, 2020). Spanish regulation allows 105 

cyclists to ride in a group following different configuration, in-line or at maximum two-abreast. 106 

The effect of different groups of cyclists was studied by García et al. (2019) and López et al. 107 

(2020), who considered a group formed by three and ten cyclists, respectively. They concluded 108 

that when cyclists rode two-abreast, the lateral clearance decreased. They also verified the 109 

conclusion of Llorca et al. (2017), indicating that the perceived risk of cyclists is related to a 110 

combination of lateral clearance and overtaking vehicle speed. López et al. (2020) stated that 111 

when cyclists rode two-abreast, a higher percentage of accelerative manoeuvres (19%) was 112 

observed compared to the in-line configuration (8%). They obtained higher overtaking vehicle 113 

speed and lower lateral clearance for flying manoeuvres, both for in-line and two-abreast 114 

configurations, confirming the dangerousness of this type of strategy. 115 

The main studies related to the overtaking manoeuvre to cyclists on rural roads are focused on 116 

safety, being the lateral distance, the overtaking strategy and the overtaking vehicle speed the 117 

main variables analysed. However, cycle traffic, especially when they ride in groups, also 118 

influences traffic operation on rural roads, mainly due to the difficulty that sometimes can exist 119 

to overtake the cyclists, and the time spent following them. Moll et al. (2021) analysed the 120 

influence on the traffic operation of sports cyclists on a narrow rural road by using a traffic 121 

microsimulator. They concluded that the presence of sports cyclists reduced the average travel 122 

speed and increased the percent followers and the delay of motorised vehicles. They also stated 123 

that the overtaking duration to different cyclist groups is a key factor to introduce the overtaking 124 

manoeuvre to cyclists into a traffic microsimulator. 125 
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Previous studies have investigated safety margins during overtaking to cyclists, but none of them 126 

has studied the influence of different factors related to overtaking manoeuvre on overtaking 127 

duration. The decision to overtake in a two-lane rural road requires the driver to invade the 128 

opposing traffic lane, with high head-on accident risk with opposing vehicles (Vlahogianni, 129 

2013). Asaithambi and Shravani (2017) stated that the overtaking duration can be considered as 130 

a road safety variable because this is a time during which extreme hazards are manifest. 131 

Therefore, the longer the overtaking vehicle stays in the opposite lane, the longer the exposure 132 

time to a frontal collision risk; however, a too-short duration of overtaking may involve a 133 

dangerous manoeuvre for cyclists. Chuang et al. (2013) stated that the time dimension (passing 134 

time) may be another important aspect that influences bicyclists' behaviours during passing 135 

events. 136 

To the best the authors knowledge, the car-bicycle overtaking has not been modelled. 137 

Therefore, this study contributes to research as the first to model duration in such manoeuvres. 138 

On the other hand, Vlahogianni (2013) and Bella and Gilusano (2020) modelled the overtaking 139 

duration between four-wheeled vehicles and realised by motorcycles, respectively, using 140 

classical survival analysis. They developed hazard-based duration models to analyse the 141 

likelihood of an overtaking manoeuvre to end. However, the Bayesian approach to data analysis 142 

provides a powerful way to handle uncertainty in all observations, model parameters, and model 143 

structure using probability theory (Gelman et al., 2020). Bayesian methods have several 144 

advantages over frequentist approaches, such as the ability to derive probability statements for 145 

every quantity of interest or explicitly incorporate prior knowledge about parameters into the 146 

model (Bürkner, 2018). On the other hand, Bayesian methods come with challenges, the main 147 

ones being proper prior selection and the high computational demand for fitting models. In 148 

recent decades, however, the rapid increase of computing power and new algorithms have 149 

contributed to overcoming model-fitting challenges (Bürkner, 2017). Bayesian statistics estimate 150 

the full (joint) posterior distribution of the parameters, which is more informative than 151 

estimating a single point, as in classical frequentist statistics (Bürkner and Vuorre, 2019).  152 

The main objective of this study was to obtain a predictive model of the duration of the 153 

overtaking manoeuvre between vehicles and bicycle groups considering different factors related 154 

to the road, the cyclist group, and the overtaking manoeuvre. Naturalistic data from overtaking 155 

events were collected using instrumented bicycles, and the overtaking duration and different 156 

factors were obtained from the field data processing. Taking into account the advantages, the 157 

overtaking duration was modelled using Bayesian statistics. Models considering different factors 158 

and response distributions were fitted and compared. Finally, the chosen models were 159 

validated, and the effects of each factor were analysed. 160 

By using the developed predictive models, it is possible to obtain overtaking durations varying 161 

road characteristics and cyclists grouping configurations. These results can help road 162 

administration improve the safety and traffic operation on two-lane rural roads with bicycle 163 

traffic, modifying the infrastructure design or regulating the traffic conditions for both 164 

motorised and bicycle. 165 
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2 Methods 166 

2.1 Data collection 167 

A naturalistic data collection was carried out in Valencia using instrumented bicycles with 168 

different configurations of group of cyclists and on five different rural road segments. By using 169 

this method, it was possible to collect real data from overtaking manoeuvres with a high 170 

ecological validity. However, this method requires a large sample and considerable time and 171 

effort for data collection and processing (Chuang et al. 2013). Figure 1 shows the instrumented 172 

bicycle used (panel A), the configurations in which the group of cyclists rode (panel B) and the 173 

main characteristics of the road segments where the experiment was performed (panel C). 174 

 175 

Figure 1. Data collection method. 176 

2.2 Instrumented bicycles 177 

The bicycles used to collect data were equipped with two small Garmin VIRB Elite video cameras 178 

with integrated GPS (1 Hz), which recorded HD videos with 30 frames per second. One camera 179 

was located at the rear of the bicycle, recording the approach of the overtaking vehicle and the 180 

initial phases of the overtaking manoeuvre. The second camera was located at the bicycle 181 

handlebar, recording the final phases of the manoeuvre and the oncoming traffic. The first and 182 

last bicycles of the group were also equipped with a laser device TruSense T200/T100 to collect 183 

the overtaking vehicle speed and the lateral clearance during the manoeuvre. The laser device 184 

was formed by two lasers located in the frontal and the rear part of the bicycles, and they were 185 

calibrated considering the distance between them. All this equipment was discreetly placed on 186 

the bicycles so as not to be detected by road users nor disturb cyclists (Figure 1.A). 187 
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2.3 Cyclist group configurations 188 

Cyclist group configurations were designed based on previous observations on two-lane rural 189 

roads. Seven group configurations with different number of cyclists and in-line or two-abreast 190 

configurations were considered (Figure 1.B). The data collection, considering the groups of ten 191 

cyclists, was carried out on weekends, which is when the larger groups were observed on rural 192 

roads. The data collection considering the individual cyclist and the groups formed by two and 193 

four cyclists was performed on weekdays. In this way, the traffic demand registered during data 194 

collection takes into account the different traffic conditions registered on weekdays and on 195 

weekends. 196 

Different cyclists participated in the experiment, who were changing their position within the 197 

group so that the results were not conditioned by the same cyclist. All the cyclists who took part 198 

in this experiment were semi-professionals and had experience riding on two-lane rural roads. 199 

They rode at the speed they considered as usual, so the study was more naturalistic. They wore 200 

sport clothes and bicycle helmet, since the helmet is mandatory in Spain. 201 

2.4 Road segments 202 

Data collection was carried out on five segments of two-lane rural roads. All of them have a high 203 

cycle demand and are part of common cycling routes. These road segments have different 204 

geometric and traffic (AADT) characteristics presented in Figure 1.C. AADT was obtained from 205 

data source of Provincial Council of Valencia (Diputació de València, 2020). The shoulders were 206 

paved and abutting the lane. The cyclists rode through these segments in the different group 207 

configurations considered in both travel directions. 208 

2.5 Data reduction 209 

A total of 24 data collection sessions were carried out. To obtain the study variables, data 210 

reduction and processing were required. In the field experiment, data from two sources were 211 

obtained: the cameras and the laser device. Garmin Virb Edit specific software was used to 212 

review the videos. Using this software, it was possible to synchronise the GPS data with each 213 

video to obtain the location of each manoeuvre and the speed of the bicycle. The review of the 214 

videos was performed manually, and the centre line type, the horizontal alignment, the invasion 215 

of the opposing lane, the lane and shoulder widths, the speed limit and the timeline of each 216 

overtaking manoeuvre were visually coded. 217 

Once the videos from all the cameras were reviewed, the laser device data were processed and 218 

synchronised to complete the dataset. The laser device offered the relative speed of the 219 

overtaking vehicle when it was in parallel with the bicycles. The vehicle speed was obtained by 220 

adding the bicycle speed registered by the GPS to the relative speed. The lateral clearance is the 221 

minimum distance between the vehicle and the bicycles. It was obtained as the lateral distance 222 

registered by the laser device minus half the bicycle handlebar and minus the vehicle side mirror. 223 

To unify data of each manoeuvre, the most critical values of the records of the first and last 224 

bicycle in the group were chosen., i. e. the minimum lateral clearance, the maximum overtaking 225 

vehicle speed, and the higher opposing lane occupation. 226 

2.6 Study variables 227 

To obtain the overtaking duration to cyclists, it is essential to understand the development of 228 

the overtaking manoeuvre. The timeline of each overtaking manoeuvre was annotated 229 
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considering the four phases defined by Dozza et al. (2016): 1) approaching, 2) steering away, 3) 230 

passing, and 4) returning (Figure 2). 231 

Different times were registered during each overtaking manoeuvre: 232 

• t0 is the time when the vehicle arrives to the last bicycle of the group, and it is around 3 233 

m behind the last bicycle. 234 

• ti is the time when the vehicle starts the overtaking manoeuvre in the steering away 235 

phase. It is noted as the time when the overtaking vehicle changes its trajectory or, in 236 

the case of flying overtaking without clearly visible trajectory change, it is the time when 237 

the overtaking vehicle arrives to the last bicycle of the group. 238 

• tp is the time when the vehicle is in parallel with the last bicycle of the group and starts 239 

the passing phase. 240 

• tp' is the time when the vehicle is in parallel with the first bicycle of the group and starts 241 

the returning phase. 242 

• tf is the time when the vehicle ends the overtaking manoeuvre and return to its natural 243 

position in the lane, ending the returning phase. 244 

• tov is the time when each oncoming vehicle is first seen from the frontal camera of the 245 

first bicycle of the group. 246 

The overtaking duration is defined as OD=tf-ti. It is the time in which the overtaking vehicle 247 

performs the passing manoeuvre due to the phases of steering away, passing and returning to 248 

its lane. The follow-up time recorded in accelerative manoeuvres corresponds to ti-t0, in that 249 

way, accelerative manoeuvres are defined when t0<ti. In flying manoeuvres, the overtaking 250 

starts when the vehicle arrives to the bicycles (t0=ti), or in some cases, even before reaching the 251 

bicycles (t0>ti). It is considered that an oncoming vehicle is present during the overtaking 252 

manoeuvre if tov < ti,. 253 

 254 

Figure 2. Timeline registered for each overtaking manoeuvre. 𝑡0 is the time when the vehicle arrives to the last bicycle; 255 
𝑡𝑖 is the time when the vehicle starts the overtaking manoeuvre in the steering away phase; 𝑡𝑝 and 𝑡𝑝′ are the times 256 
when the vehicle is in parallel with the last and first bicycles, respectively; 𝑡𝑓 is the time when the vehicle ends the 257 
returning phase; 𝑡𝑜𝑣 is the time when the oncoming vehicle is first seen from the first bicycle. 258 

The variables obtained from the field data collection used in this study were classified according 259 

to their relation to the road segment, the cyclist grouping and the overtaking manoeuvre. Table 260 

1 shows the variables, the type and the code used to include them in the model. 261 

Table 1. Variables registered in each overtaking manoeuvre. 262 

Variable description Variable Type Variable Code 

Related to the road segment      
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Lane width (m) Continuous Lane 

Shoulder width (m) Continuous Shoulder 

Speed limit (km/h) Continuous Slimit 

Annual Average Daily Traffic (veh/day) Continuous AADT 

Related to the cyclists     

Number of cyclists in the group Continuous Cyclists 

Configuration Categorical Conf 

Related to the overtaking manoeuvre     

Overtaking strategy Categorical Ostrategy 

Horizontal alignment Categorical Halign 

Oncoming vehicle presence Categorical OncVis 

Overtaking vehicle speed (km/h) Continuous Ovspeed 

Lateral clearance (m) Continuous Clearance 

Invasion of the opposing lane Categorical Invasion 

 263 

2.7 Overtaking duration model 264 

Bayesian regression models were used to model the overtaking duration considering different 265 

variables related to each manoeuvre. R Project's software and the brms package for Bayesian 266 

multilevel models, version 2.14.4, were used to fit the models. The brms package comes with 267 

many post-processing and visualization functions, including posterior predictive checks, leave-268 

one-out cross-validation, visualization of estimated effects, and prediction of new data (Bürkner, 269 

2017; Bürkner, 2018). 270 

The overtaking duration (OD) data used in this study presented non-negative and uncensored 271 

values since only completed events were registered. The most used response distributions to 272 

model durations are Weibull and log-normal, as they are often considered for situations where 273 

a skewed distribution for a non-negative random variable is needed (Dumonceaux and Antle, 274 

1973). In this study, exponential, Weibull and log-normal distributions, were used and compared 275 

in order to obtain the model that best fits the data. 276 

The parameters of the log-normal distribution are the log-normal mean 𝜇𝑂𝐷,𝑖, that is the 277 

predictor, and the standard deviation of the log-normal distribution 𝜎𝑂𝐷 which is assumed 278 

constant over all responses (Eq .1) 279 

𝑂𝐷𝑖  ~ 𝐿𝑜𝑔𝑛𝑜𝑟𝑚𝑎𝑙(𝜇𝑂𝐷,𝑖 , 𝜎𝑂𝐷)    (1) 280 

The predictor contains the 𝑖-th row of the design matrix, 𝑋𝑂𝐷,𝑖, and the vector of population-281 

level parameters 𝛽𝑂𝐷: 282 

𝜇𝑂𝐷,𝑖 = 𝑋𝑂𝐷,𝑖  𝛽𝑂𝐷      (2) 283 

Each row 𝑖 of the design matrix contains the values of each population-level effect considered 284 

(factors showed in Table 1). Since different models with different population-level effects have 285 

been considered, the number of population-level effects 𝐹 included in each model varies from 286 

1 to 𝑘. 287 

𝑋𝑂𝐷,𝑖 = [1 𝑋𝐹1,𝑖 … 𝑋𝐹𝑘,𝑖]     (3) 288 
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The vector of parameters 𝛽𝑂𝐷 contains the parameters to be fitted for each population-level 289 

effect considered in each model. 𝛽0 represents the intercept of the model, and 𝛽𝐹𝑘 corresponds 290 

to the parameter to be fitted for each effect included in each model. 291 

𝛽𝑂𝐷 = [𝛽0 𝛽𝐹1 … 𝛽𝐹𝑘]𝑇     (4) 292 

For the Weibull and exponential response distributions, the predictor is transformed using a log 293 

link function and contains the same design matrix row and the vector of population-level 294 

parameters explained before. 295 

Regarding the differences between the flying and the accelerative strategies highlighted in 296 

previous studies (Bianchi Piccinini et al., 2018; Rasch et al., 2020a; Farah et al., 2019), two sets 297 

of models, defined in Table 2 were fitted, one for flying manoeuvres and the other for 298 

accelerative ones. 299 

Table 2. Models' design considering different variables and response distributions. 300 

Factors M1 M2 M3 M4 M5 M6 M7 M8 

Lane X X X X X X X X 

Shoulder X X X X X X X X 

Slimit X X X X X X X X 

AADT X X X X X X X X 

Cyclists X X X X X X X X 

Conf X X X X X X X X 

Halign X X X X X X X X 

OncVis X X X X X X X X 

Ovspeed  X X   X X X 

Clearance    X X X X X 

Resp. distr. log-normal Weibull log-normal Weibull log-normal Weibull log-normal exponential 

 301 

In these models, different population-level effects were considered, and the response 302 

distribution was also varied. The overall goal was to determine 1) what factors best explain 303 

overtaking manoeuvres and 2) what distribution best fits these data. The invasion of the 304 

opposing lane was not considered, because it depends on the lateral clearance and the road 305 

width. Due to its high range of values, the AADT variable was standardised by subtracting the 306 

mean and dividing by the standard deviation. 307 

The models were fitted using four chains, each with 2000 iterations, of which the first 1000 were 308 

warmup to calibrate the sampler and discarded, leading to a total of 4000 posterior samples. 309 

Weakly informative prior distributions of the parameters were used (Bürkner, 2017). 310 

To evaluate the models and compare them, Bayesian leave-one-out cross-validation (LOOCV) 311 

was used (Vehtari et al., 2017). LOOCV gives a nearly unbiased estimate of the predictive ability 312 

of a given model and allows to compare different models applied to the same data. A higher 313 

estimate of the expected log predictive density (ELPD) indicates a better fit of the model (Vehtari 314 

et al., 2017). 315 

Bayesian R2 was conducted to measure the predictive performance of each model. Following 316 

the method described by Gelman et al. (2019), Bayesian R2 is defined from a Bayesian point of 317 

view as the predicted variance divided by the predicted variance plus the error variance. 318 

Bayesian R2 can be considered as a data-based estimate of the proportion of variance explained 319 
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for new data. The selected models were further assessed with 10-fold cross-validation. By using 320 

this method, the dataset was divided into ten folds. The model was refitted ten times, 321 

considering in each refit nine folds for fitting the model and the remaining fold for prediction. 322 

The root mean squared error (RMSE) was calculated for each refit and the average value 323 

considering all the validation process was obtained. 324 

3 Results 325 

3.1 Field data description 326 

After completing the data collection and reduction, 9346 interactions with other vehicles were 327 

registered from the recordings. Anomalous data due to equipment malfunction or data collected 328 

at intersections were excluded. Finally, 2346 overtaking manoeuvres were correctly recorded. 329 

In this study, only the manoeuvres performed by passenger cars and with all the variables 330 

registered were considered, thus, the final dataset was formed by 2028 overtaking manoeuvres. 331 

The flying manoeuvres represented 79% of these overtaking events (1592 manoeuvres), while 332 

9% (192) were accelerative manoeuvres. The rest were piggy backing manoeuvres, where the 333 

vehicle performed the overtaking while following another vehicle. Piggy backing manoeuvres 334 

were excluded from the analysis because of the involvement of the lead vehicle that could have 335 

affected the driver behaviour (Rasch et al. 2020b). 336 

The distribution of overtaking durations for each overtaking strategy is shown in Figure 3. The 337 

mean value of the overtaking duration for flying manoeuvres was 4.81 s (SD 2.41 s), while for 338 

accelerative manoeuvres, the mean overtaking duration was 6.88 s (SD 2.26 s). Generally, flying 339 

manoeuvres generated lower overtaking duration than accelerative. This is explained by the fact 340 

that accelerative manoeuvres start from a following state to the bicycles, so they are usually 341 

performed at a lower speed. 342 

 343 

Figure 3. Distribution of overtaking duration (s) for each overtaking strategy. 344 

Table 3 shows the overtaking duration values considering the variables obtained from the field 345 

data collection for flying and accelerative manoeuvres. 346 

Table 3. Overtaking duration results from field data for flying and accelerative manoeuvres. 347 

 Flying manoeuvres  Accelerative manoeuvres 

Variables Obs. Overtaking duration (s)  Obs. Overtaking duration (s) 
 N (%) Mean SD  N (%) Mean SD 

Lane width (m)          
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3 482 30% 4.38 2.29  60 31% 6.23 1.96 

3.2 726 46% 4.80 2.45  73 38% 7.30 2.55 

3.5 384 24% 5.35 2.38  59 31% 7.00 2.04 

Shoulder width (m)          

0 136 9% 6.99 2.26  44 23% 7.32 2.10 

1 389 24% 5.62 2.46  36 19% 7.97 2.70 

1.5 1067 67% 4.23 2.15  112 58% 6.35 2.01 

Speed limit (km/h)          

60 482 30% 4.38 2.29  60 31% 6.23 1.96 

70 136 9% 6.99 2.26  44 23% 7.32 2.10 

80 726 46% 4.80 2.45  73 38% 7.30 2.55 

100 248 16% 4.46 1.93  15 8% 6.07 1.58 

AADT (vehicles/day)          

4733 136 9% 6.99 2.26  44 23% 7.32 2.10 

4797 248 16% 4.46 1.93  15 8% 6.07 1.58 

5542 337 21% 3.86 2.07  37 19% 6.65 2.25 

6380 389 24% 5.62 2.46  36 19% 7.97 2.70 

16310 482 30% 4.38 2.29  60 31% 6.23 1.96 

Number of cyclists          

1 366 23% 3.73 2.04  17 9% 5.76 1.86 

2 542 34% 4.42 2.15  51 27% 6.16 2.06 

4 466 29% 5.05 2.25  65 34% 6.66 2.07 

10 218 14% 7.03 2.40  59 31% 8.05 2.29 

Group configuration          

In line 1019 64% 4.62 2.45  78 41% 7.21 2.35 

Two-abreast 573 36% 5.14 2.30  114 59% 6.65 2.18 

Horizontal alignment          

Left curve 126 8% 4.31 2.05  25 13% 7.04 2.09 

Right curve 123 8% 4.28 2.15  9 5% 6.67 1.12 

Tangent 1343 84% 4.90 2.45  158 82% 6.86 2.34 

Oncoming vehicle presence          

No 1096 69% 5.34 2.45  154 80% 7.21 2.25 

Yes 496 31% 3.62 1.84  38 20% 5.53 1.77 

Opposing lane invasion          

No 368 23% 2.86 1.62  13 7% 4.77 2.20 

Partial 1024 64% 5.04 2.15  117 61% 6.43 1.94 

Complete 200 13% 7.18 2.18  62 32% 8.16 2.20 

Overtaking vehicle speed          

km/h Mean = 67.43 SD = 15.63  Mean = 50.03 SD = 9.65 

Lateral clearance          

m Mean = 1.81 SD = 0.48  Mean = 1.94 SD = 0.49 

 348 

In Table 3, different relationships between the overtaking duration and the variables can be 349 

seen. There are some variables for which an increase in them presented a clear increase in the 350 

overtaking duration, such as the number of cyclists in the group. Other variables did not present 351 

a clear relationship, such as the speed limit or the AADT of each road. 352 

3.2 Overtaking duration models 353 

The eight models showed in Table 2 were fitted for flying and for accelerative manoeuvres. All 354 

models converged with large effective sample sizes. Trace plots were inspected visually, showing 355 

no signs of divergences, and the Rhat values equal to 1 suggested proper chains convergence 356 

(Bürkner, 2017). The results of the model comparison using the LOOCV are shown in Table 4. 357 
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Table 4. Results from Bayesian model comparison using the leave-one-out cross-validation. M7F and M6A were used 358 
as the baseline for all comparisons. 359 

Flying manoeuvres  Accelerative manoeuvres 

Model ELPD_diff SE_diff  Model ELPD_diff SE_diff 

M7F - -  M6A - - 

M6F -10 17.5  M7A -2.3 7.7 

M5F -22 7  M4A -6.1 3.4 

M4F -26.6 19.7  M5A -11.4 7.8 

M2F -150.7 22.8  M2A -11.8 7 

M1F -151.6 22.9  M1A -12.7 6.9 

M3F -185.5 18.1  M3A -25.9 10.4 

M8F -868.3 27.5  M8A -166.7 10.2 

 360 

From the LOOCV comparison, the best model for the flying manoeuvres was the M7F. This model 361 

included all the factors and used the log-normal distribution. For the accelerative manoeuvres, 362 

the models M6A and M7A presented the best results, and there was a small difference between 363 

them. In fact, the difference in ELPD was within the range of the standard error for M6 and M7 364 

in both strategies. Therefore, the log-normal and Weibull distributions both resulted in good fits 365 

of the overtaking duration models. To compare the results for both strategies, the model M7A 366 

was selected to increase the parallelism with the flying model (since models M7F and M7A 367 

included the same factors and had the same distribution). The average RMSE obtained after 10-368 

fold-cross validation was 1.88 s for flying manoeuvres (M7F) and 1.86 s for accelerative 369 

manoeuvres (M7A). 370 

The model for flying manoeuvres had a higher Bayesian R2 mean estimate compared to the 371 

model for accelerative manoeuvres, however, within the uncertainty of the estimate (Table 5). 372 

The parameter posterior distributions (mean, standard error, and 95% credible interval) are 373 

shown in Table 5. 374 

Table 5. Parameter distributions of the models for overtaking duration considering each overtaking strategy. Mean, 375 
standard error (SE) and lower and upper values of the 95% credible interval (l-95% CI and u-95% CI, respectively), 376 
reported for each parameter. σ is the standard deviation parameter of the log-normal distribution. CIs which do not 377 
include zero are represented in bold. 378 

 Flying manoeuvres model (M7F)   Accelerative manoeuvres model (M7A) 

 Mean SE l-95% CI u-95% CI   Mean SE l-95% CI u-95% CI 

Bayesian R2 0.55 0.01 0.53 0.57  0.47 0.04 0.39 0.54 

Parameters          

𝛽0 1.98 0.42 1.14 2.79  2.99 1.01 1.04 4.97 

𝛽Lane  -0.55 0.16 -0.86 -0.23  -0.27 0.37 -1.01 0.45 

𝛽Shoulder  -0.66 0.05 -0.76 -0.55  -0.11 0.13 -0.36 0.13 

𝛽Slimit  0.02 0.00 0.01 0.02  0.00 0.01 -0.02 0.01 

𝛽scaleAADT 0.19 0.03 0.13 0.25  -0.08 0.07 -0.22 0.06 

𝛽Cyclists  0.06 0.00 0.05 0.07  0.04 0.01 0.03 0.06 

𝛽ConfP  0.17 0.02 0.12 0.21  -0.07 0.05 -0.16 0.02 

𝛽HAlignRight  0.00 0.05 -0.10 0.10  -0.07 0.12 -0.30 0.15 

𝛽HAlignTangent  0.12 0.04 0.04 0.20  -0.04 0.06 -0.18 0.08 

𝛽OncVis -0.18 0.03 -0.24 -0.12  -0.17 0.06 -0.29 -0.04 

𝛽Ovspeed  -0.01 0.00 -0.01 0.00  -0.01 0.00 -0.02 -0.01 

𝛽Clearance 0.48 0.02 0.44 0.53  0.33 0.05 0.25 0.42 

𝜎 0.41 0.01 0.40 0.43  0.29 0.02 0.26 0.32 



13 
 

As shown in the parameter distributions presented in Table 5, the direction of each effect on 379 

the overtaking duration is clear. However, its magnitude can be hard to interpret since the 380 

regression coefficients are on the log scale. To ease interpretation, the effects were transformed 381 

and plotted on the original scale using conditional effects plots (Bürkner, 2019). Figure 4 shows 382 

the conditional effects of each variable on the overtaking duration for the flying and the 383 

accelerative manoeuvres. When creating conditional effects for a particular variable, the values 384 

of all other variables are conditionalised on the mean for numerical variables and the reference 385 

level for categorical variables. These plots show the expected overtaking duration response as 386 

predicted by model M7F and M7A for flying and accelerative manoeuvres, respectively. In Figure 387 

4, the shaded area represents the 95% credible intervals around the estimates. 388 

 389 

Figure 4. Conditional effects for each variable on the overtaking duration (OD), i.e., all other categorical variables 390 
being set to their reference level and numerical variables being set to their mean, considering flying and accelerative 391 
manoeuvres. The solid line represents the mean and the shared area represents the 95% credible interval. 392 

3.2.1 Flying manoeuvres model 393 

When considering the results of the flying manoeuvres, only the parameter distribution of the 394 

horizontal alignment for the right curve included zero inside the 95% CI. This result indicates 395 

that the overtaking duration was similar for overtakings performed in a right and a left curve. 396 

The rest of the parameters for flying manoeuvres have a notable effect on the overtaking 397 

duration, i.e. their distributions did not include zero. An increase in lane width and shoulder 398 

width resulted in a decrease in overtaking duration. However, shoulder width has a stronger 399 
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effect than lane width. An increase in speed limit and AADT produced higher overtaking 400 

durations. Considering the group of cyclists, when a group was formed by a higher number of 401 

cyclists, the overtaking duration was larger, and when the cyclists rode two-abreast, the 402 

overtaking duration was larger as well. About the factors related to the horizontal alignment, 403 

when the manoeuvre was performed on a tangent segment, the overtaking duration was higher 404 

than when it was produced in a curve. The presence of an oncoming vehicle generated a lower 405 

overtaking duration. The overtaking vehicle speed had an inverse relation to the overtaking 406 

duration. The lateral clearance had a considerable influence on the overtaking duration, with 407 

higher clearance associated with larger overtaking duration. 408 

The results of the overtaking duration model for flying manoeuvres showed an opposite effect 409 

for lane width than the obtained from observations. Furthermore, the lane width had a weak 410 

effect compared to shoulder width. If there is a shoulder, the position of the cyclists within the 411 

cross-section of the road is different. These results suggest that the width of the lane and the 412 

shoulder should be considered together for each road segment since it is the total space where 413 

drivers and cyclists interact, and considering it together may explain better the phenomenon. 414 

Additionally, considering only the lane width can lead to erroneous results, since in this study, 415 

the narrowest and the widest road segments had the same lane width. 416 

Therefore, a new model (M7FN) was fitted considering the lane and shoulder widths together. 417 

This model was based on model M7F, by deleting the lane and shoulder widths variables and 418 

introducing the lane and shoulder width considering together (LSWidth). The distributions of the 419 

parameters in the model M7FN only presented changes for the intercept parameter (𝛽0,𝑀7𝐹𝑁 =420 

2.32, [2.04, 2.59] 95% CI), and the distribution of LSWidth presented a stronger effect on the 421 

overtaking duration than when the lane and shoulder widths were considered separately 422 

(𝛽𝐿𝑆𝑊𝑖𝑑𝑡ℎ,𝑀7𝐹𝑁 = −0.68, [−0.78, −0.59] 95% CI). The conditional effects of all the other 423 

factors presented the same values in both models. M7FN was slightly better than M7F within 424 

standard error, based on the results of LOOCV comparison (ELPD_diff=-0.6, SE_diff=0.8), while 425 

the Bayesian R2 was similar for both models. 426 

3.2.2 Accelerative manoeuvres model 427 

Accelerative manoeuvres presented more parameters with 95% CI that included zero, indicating 428 

that these parameters did not have a clear effect on the overtaking duration. In accelerative 429 

manoeuvres, such parameters were related to the road segment: the lane and shoulder widths, 430 

the speed limit and the AADT. Regarding the parameters related to the group of cyclists, the 431 

number of cyclists in the group had a clear effect on the overtaking duration such that a higher 432 

number of cyclists produced a longer duration of overtaking. The configuration in which the 433 

group of cyclists rode had a weak effect on the overtaking duration. The horizontal alignment 434 

where the overtaking was performed were unrelated to the overtaking duration for accelerative 435 

manoeuvres. The presence of an oncoming vehicle during the manoeuvre had a clear effect on 436 

the overtaking duration, presenting lower values of overtaking duration when an oncoming 437 

vehicle was visible. Finally, the overtaking vehicle speed and the lateral clearance affected the 438 

overtaking duration in such a way that higher overtaking speeds and lower lateral clearances 439 

presented a reduction in the overtaking duration. 440 



15 
 

4 Discussion 441 

Flying manoeuvres (79%) were more prevalent than accelerative (9%), indicating that in most 442 

cases, drivers can overtake cyclists easily without having to follow them before overtaking. 443 

Flying manoeuvres are preferred by drivers because they are performed without speed 444 

reduction, then they penalise the traffic operation less. Most of the naturalistic previous studies 445 

presented the majority of flying manoeuvres (Dozza et al., 2016; Kovaceva et al., 2019). Flying 446 

manoeuvres were performed with higher overtaking vehicle speeds and lower lateral 447 

clearances, so the overtaking duration was lower than accelerative ones. These results are in 448 

correspondence with Dozza et al. (2016), Bianchi Piccinini et al. (2018) and Kovaceva et al. 449 

(2019), who concluded that accelerative manoeuvres are safer than flying because these 450 

manoeuvres are performed at lower speeds, and the driver has better control of the interaction 451 

with the oncoming vehicle and leaves higher clearances to the cyclists. The overtaking duration 452 

values obtained in this study, considering only one cyclist, agrees with the obtained by Dozza et 453 

al. (2016), who concluded that accelerative manoeuvres took longer than flying. Asaithambi and 454 

Shravani (2017) realised a study of overtaking manoeuvres in mixed traffic on rural roads and 455 

also obtained larger overtaking durations for accelerative than for flying types of manoeuvres. 456 

Flying manoeuvres implied a lower percentage of opposing lane invasion (77%) in front of 457 

accelerative manoeuvres (93%); this fact, additionally to the lower overtaking duration, shows 458 

that these manoeuvres were preferred by drivers. However, flying manoeuvres were performed 459 

at higher speeds and lower lateral clearances, and they presented a higher percentage of 460 

oncoming vehicle presence (31%) than accelerative manoeuvres (20%). These last results 461 

emphasise the danger of flying manoeuvres for cyclists. 462 

The main geometric characteristics of the road associated with the overtaking duration were the 463 

lane and shoulder widths. On two-lane rural roads, cyclists ride on the shoulder or on the right 464 

edge of the lane if the shoulder is inexistent or impassable. For flying manoeuvres, the effect of 465 

the shoulder width was stronger than the lane width since the shoulder width controls the cyclist 466 

lateral position within the driver’s field of safe travel. Previous research has shown that with an 467 

overlap between the overtaking vehicle’s and the cyclist’s paths in the approaching phase, safety 468 

metrics during the manoeuvre were reduced, and drivers preferred accelerative manoeuvres 469 

(Rasch et al., 2020). However, on two-lane rural roads without cycle lanes, considering the lane 470 

and shoulder widths separately can lead to wrong conclusions since the total space where 471 

motorised vehicles and bicycles interact is formed by the widths of the lane and shoulder 472 

considered together. Therefore, regarding the effect of the lane and shoulder widths considering 473 

together (M7FN), wider rural roads presented lower overtaking durations. On wider roads, 474 

cyclists ride on the shoulder, making it easier for the driver to perform the manoeuvre. 475 

Furthermore, wider rural roads usually presented larger lateral clearance as verified in various 476 

studies (Llorca et al., 2017; Debnath et al., 2018; Feng et al., 2018; Chapman and Noyce, 2014; 477 

Bella and Silvestri, 2019; Mecheri et al., 2020). The effect of the shoulder width was not clear in 478 

previous studies (Dozza et al., 2016; Mecheri et al., 2020; García et al., 2015). However, the 479 

results of this study presented a strong effect of the shoulder width on the overtaking duration, 480 

especially for flying manoeuvres, such that a wider shoulder reduced the overtaking duration. A 481 

study realised by Llorca et al. (2017) indicated that the provision of wider shoulders could be an 482 

appropriate measure to ensure safe overtaking manoeuvres considering the higher lateral 483 
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clearance. Moreover, when analysing the interactions between motorised vehicles and cyclists 484 

on two-lane rural roads, the total space where they interact has to be considered as a whole (i. 485 

e. the lane and shoulder widths). Therefore, wider roads, especially with wider shoulders, offer 486 

higher lateral clearance and lower overtaking duration, then, they can be considered a safe 487 

countermeasure from the cyclist’s and drivers’ point of view.  488 

The effect of the speed limit and the AADT of the road had the opposite sign for flying and for 489 

accelerative strategies. Nevertheless, in accelerative manoeuvres, the effect of the parameters 490 

related to the road segment seems unrelated to the overtaking duration since the 95% CI 491 

includes zero (Table 5), resulting in the wider shaded areas in Figure 4. In the accelerative 492 

strategy, overtaking usually starts from a low vehicle speed, since the vehicle was following the 493 

bicycles, and most of the manoeuvres were performed without an oncoming vehicle present, 494 

then the speed limit and the AADT had a poor effect on the duration. Rubie et al. (2020) stated 495 

that it is potentially difficult to interpret the effects of posted speed limits on lateral clearances 496 

because higher speed limits are not only associated with higher motor vehicle speeds, but also 497 

with different road types, passing strategy and lane widths. In fact, the effect of the speed limit 498 

is contrary to the overtaking vehicle speed for flying manoeuvres. Mackenzie et al. (2021) 499 

obtained larger passing distances in roads with higher speed limits; this result agrees with the 500 

obtained in the present study since larger lateral clearances can be related to higher overtaking 501 

durations. 502 

Regarding the configuration of the group of cyclists, in both strategies, when a higher number 503 

of cyclists were in the group, the overtaking duration was larger. This result agrees with García 504 

et al. (2016) and Debnath et al. (2018), who obtained for individual cyclists lower passing 505 

distance than for a group. The number of cyclists in the group also influences the strategy choice, 506 

such that with more cyclists in the group, more accelerative manoeuvres were observed. About 507 

the group configuration, in flying manoeuvres, the two-abreast configuration presented larger 508 

overtaking durations, since cyclists occupy more space in the lane and the driver had to evade 509 

farther into the opposing lane. However, in accelerative manoeuvres, the effect of two-abreast 510 

configuration had a weak effect on the overtaking duration, and when the cyclists rode two-511 

abreast, lower overtaking durations were registered. This fact can be explained because 512 

accelerative manoeuvres started from a low vehicle speed, and then, less time was needed to 513 

overtake a two-abreast configuration meaning a shorter length of the group. 514 

The horizontal alignment where the overtaking manoeuvres were performed had a weak effect 515 

on overtaking duration for accelerative manoeuvres. Instead, for flying manoeuvres, larger 516 

overtaking durations were registered in tangents than in curves, due to the higher available 517 

visibility on tangent sections, which is associated with larger opposite lane invasions and higher 518 

lateral clearances. This result is in line with Llorca et al. (2017), who obtained higher lateral 519 

spacing and speed on tangent sections compared to curves, but opposite to Bella and Silvestri 520 

(2019). 521 

The presence of oncoming traffic has been defined in studies from Dozza et al. (2016), Bianchi 522 

Piccinini et al. (2018) and Rasch et al. (2020) as the principal factor affecting safety margins. 523 

Bianchi Piccinini et al. (2018) stated that drivers who completed the overtaking manoeuvre 524 

without waiting for an oncoming vehicle to pass reduced their minimum safety margins in the 525 

steering away and passing phases. The same result was obtained by Rasch et al. (2020), who 526 
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stated that safety metrics during the entire manoeuvre decreased when the time gap to the 527 

oncoming vehicle was short. These results agree with the present study where shorter durations 528 

of overtaking were registered when an oncoming vehicle was present for both strategies. 529 

However, 80% of the accelerative manoeuvres were performed without an oncoming vehicle 530 

present in front of 69% of the flying manoeuvres, demonstrating that the presence of an 531 

oncoming vehicle induced more drivers to choose the accelerative manoeuvre (Bianchi Piccinini 532 

et al., 2018); already in accelerative manoeuvres, drivers usually wait for the oncoming vehicle 533 

to pass to start the manoeuvre. 534 

The overtaking vehicle speed and the lateral clearance had the same effect on both strategies; 535 

larger overtaking durations were observed with lower vehicle speeds and higher lateral 536 

clearances. Nevertheless, for flying manoeuvres, a higher mean value and a narrow credible 537 

interval of the parameter of lateral clearance was obtained, indicating a strong effect of the 538 

lateral clearance on the overtaking duration for flying manoeuvres. These results agree with 539 

Bella and Gilusano (2020), who analysed the overtaking manoeuvre performed by motorcycles, 540 

obtaining larger overtaking durations when higher lateral distances and lower speed differences 541 

were presented. Llorca et al. (2017) and López et al. (2020) constated that the subjective risk 542 

perception of cyclists was related to the combination of overtaking speed and lateral clearance 543 

during the overtaking manoeuvre. 544 

The overtaking duration models developed can be used to obtain predictive values considering 545 

other cyclist grouping configurations. These predictions can be used as input to traffic 546 

microsimulation models to calibrate the effective lengths of other groups of cyclists different 547 

from those observed, increasing the validity of the microsimulation studies (Moll et al., 2021). 548 

The results of this study are limited to the geometry and traffic characteristics of the roads 549 

where the data were collected, and also to the factors analysed. As further research, it will be 550 

interesting to collect data on roads with a higher presence of heavy vehicles and with other 551 

geometric characteristics such as cycle lanes, and include some additional factors with an 552 

important role in the overtaking manoeuvre such as the available visibility. Future research 553 

should also determine the relationship between the subjective risk perception of cyclists and 554 

drivers and the duration of the overtaking manoeuvre. 555 

5 Conclusions 556 

In this study, the duration of overtaking to cyclists on two-lane rural roads was modelled. Models 557 

were based on naturalistic data of overtaking events between motorised vehicles and bicycles 558 

obtained using instrumented bicycles. The sample of overtaking manoeuvres analysed (1592 559 

flying and 192 accelerative), and the variability of road segments and cyclist grouping 560 

characteristics, allowed to obtain reliable and clear conclusions. The overtaking duration to 561 

cyclists was modelled for flying and accelerative manoeuvres using Bayesian statistics. The 562 

factors analysed were related to the road segment (lane and shoulder width, speed limit, and 563 

AADT); the cyclist grouping (number of cyclists and configuration); and the overtaking 564 

manoeuvre (horizontal alignment, oncoming vehicle presence, vehicle speed, and lateral 565 

clearance). Different models were fitted and compared, obtaining the best results for the 566 

models that considered all the factors and the log-normal response distribution. 567 
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Results showed that flying manoeuvres (79%) were more prevalent than accelerative (9%), and 568 

they were performed with higher speeds and lower lateral clearances and, therefore, presented 569 

lower overtaking durations. The lane and shoulder widths have to be considered together since 570 

it is the total space where cyclists and drivers interact. Wider roads presented lower overtaking 571 

durations. However, the factors related to the road segment had a poor effect on accelerative 572 

manoeuvres. Groups formed by a higher number of cyclists presented larger overtaking 573 

durations, while two-abreast configuration had an opposite effect on the duration for both 574 

strategies. Flying manoeuvres performed in a tangent segment had a higher duration than in a 575 

curve; nevertheless, the horizontal alignment had a poor effect on the overtaking duration for 576 

accelerative manoeuvres. The presence of an oncoming vehicle decreased the overtaking 577 

duration, whereas a decrease in vehicle speed and an increase in lateral clearance increased the 578 

duration of overtaking. 579 

The results of this study allow researchers to better understand the phenomenon of interactions 580 

between motorised vehicles and bicycles on rural roads. By using the developed predictive 581 

models, it is possible to obtain overtaking durations varying the conditions of the road and the 582 

group of cyclists. These results can be used as an input to traffic microsimulation models to 583 

analyse the safety and traffic operation on two-lane rural roads. The results presented in this 584 

paper can also be used to improve the infrastructure design and manage traffic conditions by 585 

regulating the motorised vehicles speed or suggesting safer cyclist grouping configurations to 586 

obtain safer and effective rural roads that integrate all users. 587 
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