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Abstract 27 

Given their potential to reach higher speed levels than conventional bicycles, the growing market 28 

share of e-bikes has been the reason for increased concerns regarding road safety. Previous studies 29 

have shown a clear relationship between object approach speed and an observers’ judgment of 30 

when the object would reach a predefined position (i.e., time to arrival, TTA), with higher speed 31 

resulting in longer TTA estimates. Since TTA estimates have been linked to road users’ decisions of 32 

whether or not to cross or turn in front of approaching vehicles, the higher potential speeds of e-33 

bikes might result in an increased risk for traffic conflicts. The goal of the two experiments presented 34 

in this paper was to examine the influence of speed and a variety of other factors on TTA estimation 35 

for conventional bicycles and for e-bikes. In both experiments, participants from two age groups (20-36 

45 years old and 65 years or older) watched video sequences of bicycles approaching at different 37 

speeds (15 - 25 km/h) and were asked to judge the TTA at the moment the video was stopped. The 38 

results of both experiments showed that an increase in bicycle approach speed resulted in longer 39 

TTA estimates (measured as the proportion of estimated TTA relative to actual TTA) for both bicycle 40 

types (ηp
2

Exp.1 = .489, ηp
2

Exp.2 =   .705). Compared to younger observers, older observers provided 41 

shorter estimates throughout (Exp. I: MDiff = 0.35, CI [.197, .509], ηp
2 = .332, Exp. II: MDiff = 0.50, CI 42 

[.317, .682], ηp
2 = .420). In Experiment I, TTA estimates for the conventional bicycle were significantly 43 

shorter than for the e-bike (MDiff = 0.03, CI [.007, .044], ηp
2 = .154), as were the estimates for the 44 

elder cyclist compared to the younger one (MDiff = 0.05, CI [.025, .066], ηp
2 = .323). We hypothesized 45 

that the cause for this effect might lie in the seemingly reduced pedaling effort for the e-bike as a 46 

result of the motor assistance it provides. Experiment II was able to show that a high pedaling 47 

frequency indeed resulted in shorter TTA estimates compared to a low one (MDiff = 0.07, CI [.044, 48 

.092], ηp
2 = .438).  Our findings suggest that both the e-bikes’ potential to reach higher speeds and 49 

the fact that they reduce the perceived cycling effort increase the risk of TTA misjudgments by other 50 

road users.  51 
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1. Introduction 54 

In recent years, electric bicycles (e-bikes) have become increasingly popular (Rose, 2012). In 55 

Germany, already 1.6 million e-bikes are on the road (Zweirad-Industrie-Verband, 2014) and sales 56 

figures are expected to grow even more (Jellinek et al., 2013). Reasons for that popularity are that e-57 

bikes offer a reduction in cycling effort, the possibility to compensate for physical impairments, and 58 

the potential to reach farther destinations more easily (Jellinek et al., 2013; Kuratorium für 59 

Verkehrssicherheit, 2011; Schleinitz et al., 2014). While these are desirable outcomes, not all 60 

potential consequences of the increased popularity are positive. In particular, safety concerns have 61 

been raised because the design of e-bikes is hardly distinguishable from that of conventional bicycles. 62 

However, in comparison, e-bikes reach higher mean and maximum speeds (Schleinitz et al., in press) 63 

and it has been argued that this could result in other road users misjudging the speed of an 64 

approaching e-bike (bfu-Beratungsstelle für Unfallverhütung, 2014; Skorna et al., 2010). An e-bike 65 

user described it this way: “I had to be really conscientious of other drivers because they weren’t 66 

expecting me to approach as quickly as I was. And so, in the beginning, I feel like cars were kind of 67 

cutting me off because they thought they had plenty of time.“ (Popovich et al., 2014, p. 42).  68 

Unfortunately, actual crash statistics to support the assumption that e-bike riders are at an increased 69 

risk to be involved in a crash are not readily available. Data from China (Feng et al., 2010) appear to 70 

provide some evidence, with rates of casualties and injuries due to crashes involving an e-bike having 71 

increased over a period of five years, even after adjusting for growth of the e-bike population. 72 

However, an application of these findings to Western countries is limited since most of the two-73 

wheelers that are categorized as e-bikes in China would be characterized as mopeds in Europe or the 74 

in the US. First data from Switzerland show a rise in the absolute number of crashes that involved e-75 

bikes which resulted in severe injuries and causalities, however those numbers do not control for the 76 

fact that sales figures of e-bikes also increased (bfu-Beratungsstelle für Unfallverhütung, 2014). 77 

Findings from a naturalistic cycling study, which observed riders of conventional bicycles and riders 78 
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of e-bikes for a period of four weeks found that, while overall risk was comparable, e-bike riders 79 

were at higher risk of being involved in a safety critical event in the direct vicinity of an intersection. 80 

It also appeared that motorists failed more often to yield to an e-bike than to a conventional bicycle 81 

(Petzoldt et al., 2015; Schleinitz et al., 2014). Data show that in collisions with e-bikes, the second 82 

party involved was found to be at fault in 70% of all cases, compared to 61% for conventional 83 

bicycles. According to the authors, this suggests that others underestimate the speed of the e-bike 84 

rider (Scaramuzza et al., 2015). This might be somewhat surprising, as drivers have to estimate 85 

speed, or, more precisely, time to collision (TTC) or time to arrival (TTA), “the time remaining before 86 

something reaches a person or particular place” (Tresilian, 1995, p. 231), on a regular basis. However, 87 

it is well established that, while in general the human ability to estimate TTA is sufficiently accurate, 88 

it is also prone to a variety of biases and errors.  89 

Several experiments have shown an effect of speed on TTA estimation (e.g. Manser, 1999; Petzoldt, 90 

2014; Recarte et al., 2005). Results from all of these studies indicate that higher speeds go with 91 

longer TTA estimates (which in turn should result in riskier driver decisions). Unfortunately, the 92 

speed levels that were studied ranged from 30 km/h to 120 km/h, i.e., they are hardly relevant for 93 

bicycles. However, the clear trends observed in these studies allow for the assumption that also at 94 

cycling speed levels, higher speeds (as they would be reached by e-bikes) would be accompanied by 95 

longer TTA estimates.  96 

Another aspect that is linked to the specific features of e-bikes is the fact that they are, at least at the 97 

moment, attractive to a very specific user group. In Germany, for example, e-bike users are, on 98 

average, ten years older than conventional cyclists (Preißner et al., 2013). From other contexts, it is 99 

known that strong stereotypes exist in regards to the behavior of older road users. In a study by 100 

Joanisse et al. (2012), participants watched video clips with car drivers performing different driving 101 

behaviors and afterwards were asked to indicate how representative they thought the observed 102 

behavior was for a typical older driver. Not surprisingly, it was found that driving slowly was 103 
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considered representative for older driver behavior. Similar findings were reported by Davies and 104 

Patel (2005). Since cycling and especially cycling speed are dependent on physical fitness, it is 105 

reasonable to assume that such stereotypes play also a role in the perception of bicyclists. How far 106 

this translates into differences in perceived approach speed is a question that, as of now, has not 107 

been answered. 108 

However, not only the observer's perceptions of the rider and the riders’ speed might have an impact 109 

on TTA judgments of approaching bicyclists. The age of the observer has been repeatedly found to 110 

have an influence on judgments of time gaps as well. In a study by Schiff et al. (1992), older 111 

participants showed a significantly poorer accuracy in TTA estimations than younger participants. 112 

Their estimates were consistently shorter than those made by younger observers, i.e., older 113 

participants perceived vehicles as arriving much earlier. Comparable results were also be found by 114 

Hancock and Manser (1997). Again, however, it is unclear if the same effects occur with considerably 115 

lower cycling speeds. 116 

Therefore, the main interest of our experiments was to evaluate whether and to what extent 117 

variations in speed would result in corresponding variations in TTA estimates. For that purpose, two 118 

experiments were conducted to investigate the effects of speed and bicycle type (i.e., bicycle versus 119 

e-bike) on an individual’s TTA estimation. In addition, in Experiment I we examined the influence of 120 

the cyclist’s age. In Experiment II, we varied pedaling frequency, a manipulation that was suggested 121 

by the results of the first experiment. Finally, in both experiments we investigated whether the age 122 

of the observer had an influence on TTA estimations. 123 

2. Experiment I 124 

The purpose of Experiment I was to investigate the influence of approach speed, cyclist’s age, and 125 

bicycle type on the TTA estimations of older and younger observers. Based on prior studies, we 126 

hypothesized that older observers would provide shorter TTA estimates than younger observers 127 

would. To extend the results of studies investigating TTA estimates of approaching cars, we predicted 128 
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that an increase in speed would also lead to longer TTA estimations for smaller vehicles like bicycles. 129 

Based on results about the effects of stereotypes regarding the age of car drivers, that slower driving 130 

is representative of older people (Joanisse et al., 2012), we expected that an older cyclist would be 131 

estimated to arrive later than a younger one. In addition, we varied the bicycle type, using both a 132 

conventional bicycle and an e-bike. 133 

2.2. Method 134 

2.2.1. Participants 135 

We acquired a sample of 44 participants for two predefined age groups (22 persons per group). The 136 

younger participants (20-45 years old) were on average 33.3 years old (SD = 8.1), the older ones (65 137 

years and older) were on average 71.3 years old (SD = 3.7). Twenty-one participants were male and 138 

twenty-three were female (20-45 years: 8 male, 14 female, ≥ 65 years:  13 male, 9 female). All 139 

participants were in possession of a valid driving license. All had normal or corrected to normal visual 140 

acuity. For their participation, they received monetary compensation.  141 

2.2.2. Experimental design 142 

To address our hypotheses, we designed a video-based laboratory experiment in which different 143 

bicycles approached a stationary observer. The experiment made use of a mixed design where the 144 

age group of the observer was treated as a between subjects factor (see Table 1). The approaching 145 

vehicles were a conventional trekking bicycle (Diamant Ubari black) and a comparable e-bike 146 

(Diamant Supreme, Figure 1). Both types of bikes were ridden by either a typical older (65 years) or 147 

younger cyclist (28 years). They were riding at constant speeds of either 15, 20, or 25 km/h. 148 

Furthermore, we used three different TTAs in order to avoid that the participants adapt to a single 149 

TTA value. This resulted in a total of 36 combinations that were presented in random order to the 150 

participants. The estimated TTA was treated as the dependent variable. 151 
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    152 

Figure 1: Conventional bicycle (left) and e-bike (right) used in the experiment. 153 

Table 1: Overview of all factors and factor levels. 154 

Observer 
age group 

Bicycle type Cyclist’s age Speed TTA 

20-45 years 

≥ 65 years 

conventional 
bicycle 

e-bike 

young 

old 

15 km/h 

20 km/h 

25 km/h 

4 s 

6 s 

8 s 

 155 

2.2.3. Material 156 

We used real world video scenes of approaching bicycles (Figure 2) which were recorded on a 157 

straight taxiway of a small general aviation airport. All scenes were recorded from a driver’s point of 158 

view, i.e. the height of the camera position is comparable to the eye level of a driver sitting in a car. 159 

Figure 3 shows the bird’s eye view of the scenario. We pasted a white line on the street surface that 160 

marked the position of a potential collision between the oncoming cyclist and the observer when 161 

turning left. All combinations of bicycle type, cyclist’s age, and speed were filmed. When riding the e-162 

bike our cyclists received no instructions as to how much assistance from the motor they should use. 163 

Instead, they were asked to use the level of assistance they considered suitable for the intended 164 

speed level and to have a setting that was as natural as possible. In general, our cyclists were free to 165 

choose an appropriate gear to reach each speed level. The recorded material was then cut into clips 166 

of 4 s length, with the end of each video clip set according to the three TTA levels. The material was 167 



Cite as: Schleinitz, K., Petzoldt, T., Krems, J.F., & Gehlert, T. (2016). Drivers’ gap acceptance in front of approaching bicycles 
– Effects of bicycle speed and bicycle type. Accident Analysis and Prevention, 92, 113-121. 
dx.doi.org/10.1016/j.aap.2016.03.020 

 

9 
 

then presented to our participants using a projector (projection image 125 x 220 cm) in order to give 168 

the participants a more realistic view of the cyclists. Participants were seated at a desk at a distance 169 

of 250 cm from the screen. The visual angle of the oncoming bicycle, including the rider, ranged from 170 

1.87° to 4.67° (based on the last frame of the video before the bicycle was occluded) independent of 171 

bicycle and cyclist’s age (Table 2). 172 

Table 2: Overview over all factors and factor levels. 173 

Speed TTA Visual angle  

15 km/h 4 s 4.67° 

 6 s 3.42° 

 8 s 2.80° 

20 km/h 4 s 3.74° 

 6 s 2.80° 

 8 s 2.28° 

25 km/h 4 s 3.22° 

 6 s 2.39° 

 8 s 1.87° 

 174 

2.2.4. Procedure 175 

First, participants received instructions on the experiment. We explained that their task was to watch 176 

one short video clip at a time and while observing the approaching cyclist, participants were asked to 177 

put themselves in the position of a car driver at an intersection, waiting to make a left turn. After the 178 

clip ended (4 s runtime), the screen was blank and participants were asked to indicate the moment 179 

when they thought the bicycle would reach the white line by pressing the spacebar. After having 180 

been explained the procedure, the participants completed two practice trials to become familiar with 181 

the task. Then, in the experimental phase, they were presented with one clip for each factor 182 

combination, which resulted in 36 trials. The complete session lasted 15 to 20 minutes.  183 

 184 

http://dict.leo.org/ende/index_en.html#/search=in&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
http://dict.leo.org/ende/index_en.html#/search=the&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
http://dict.leo.org/ende/index_en.html#/search=position&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
http://dict.leo.org/ende/index_en.html#/search=of&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
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 185 

Figure 2: Screenshot from one of the video sequences (i.e., the observer’s perspective). The 186 

horizontal white line marked the position of a potential collision between the oncoming cyclist and 187 

the observer (when turning left). The dotted line represents the observer’s hypothetical left-turn 188 

trajectory. 189 

 190 

Figure 3: Bird’s eye view of the intersection. The solid line represents the trajectory of the 191 

approaching cyclist. The dotted line represents the observer’s hypothetical left-turn trajectory.  192 
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2.2.5. Analysis 193 

For a description of the overall accuracy of the participants’ responses (i.e., absolute error), figures 4 194 

to 6 display mean estimated TTA for the three TTA levels. For inferential statistics, we collapse the 195 

data across TTA levels since these levels were only introduced to provide some variation in the 196 

material and to avoid undesired learning effects. To collapse the data across TTA levels, a 197 

transformation of the raw estimates was necessary. For the transformation, we calculated a TTA 198 

estimate ratio, which was the proportion of estimated TTA relative to the actual TTA (e.g. Schiff and 199 

Oldak, 1990): 200 

TTA estimate ratio = estimated TTA / actual TTA 201 

 A value above 1 indicates an overestimation of the TTA and a value lower than 1 indicates an 202 

underestimation. We found no significant differences between the TTA estimate ratios of the 203 

different levels (F (2, 84) =2.19, p = .118, η2
p = 0.050) so we then created a single composite score for 204 

the main analysis, which was the mean of the three ratios. With the remaining factors, we conducted 205 

a four-factor analysis of variance (ANOVA) for mixed designs. Bonferroni correction was used for all 206 

pairwise comparisons. 207 

2.3. Results   208 

In Figures 4, 5, and 6, participants’ actual TTA estimates are illustrated. As can be seen from the 209 

graphs, TTA estimates increased with increasing speed, although the objective TTA was the same. 210 

This impression was confirmed by the ANOVA based on the TTA ratios (see Table 3 for an overview of 211 

all main effects and interactions). Pairwise comparisons showed significant differences between all 212 

three speed levels (all p < .001).   213 

Contrary to our previous assumption, actual TTA estimates for the older cyclist were shorter than for 214 

the younger cyclist at each of the three TTA levels (Figure 4). The ANOVA indicated significantly lower 215 

TTA ratios for the older cyclist (M = 0.60; SD = 0.29) than for the younger cyclist (M = 0.65; SD = 0.31). 216 
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 217 

Figure 4: TTA estimates for the different speed levels dependent on cyclists’ age. Error bars represent 218 

95% confidence intervals.  219 

Also somewhat surprisingly was we found a significant difference between the two bicycle types 220 

(Figure 5), with TTA estimate ratios for the conventional bicycle significantly lower (M = 0.61; SD = 221 

0.30) than for the e-bike (M = 0.64; SD = 0.32). There was also a significant interaction between 222 

bicycle type and the cyclist’s age. The lowest TTA ratios were measured for the older rider on a 223 

conventional bicycle (M = 0.57; SD = 0.29) whereas there were practically no differences between the 224 

other three rider-bicycle combinations (Mebike-old = 0.63, SD = 0.31; Mebike-young = 0.64, SD = 0.34; Mbicycle-225 

young = 0.65, SD = 0.33).  226 
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 227 

Figure 5: TTA estimates for the different speed levels dependent on bicycle type. Error bars represent 228 

95% confidence intervals.  229 

The observers’ age had a significant influence on TTA estimates as well. Older participants provided 230 

substantially shorter TTA estimates than the younger participants (Figure 6). The ANOVA revealed 231 

significantly lower TTA ratios for the older group (M = 0.45, SD = 0.17) compared to the younger 232 

group (M = 0.80, SD = 0.32). In addition, we found a significant interaction between observer age and 233 

age of the cyclist. The data show that while older participants did not really differentiate between 234 

the two riders (Mold = 0.44, SD = 0.16; Myoung = 0.46, SD = 0.17), the younger participants judged the 235 

older cyclist (M = 0.77, SD = 0.30) as arriving considerably earlier than the younger cyclist arrived (M 236 

= 0.83, SD = 0.33). Likewise, a significant interaction between speed and observer age was found. For 237 

the younger group, the TTA estimate ratios rose more steeply with increasing speed (Myoung 15 = 0.71, 238 

SD = 0.26; Myoung 20 = 0.81, SD = 0.36; Myoung 25 = 0.88, SD = 0.37) in comparison to the TTA estimate 239 

ratios of the older group (Mold 15 = 0.40, SD = 0.16; Mold 20 = 0.45, SD = 0.16; Mold25 = 0.50, SD = 0.18). In 240 
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addition, we found a significant interaction between speed, cyclist’s age, and bicycle type, for which 241 

no meaningful interpretation was possible.  242 
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 244 
Figure 6: TTA estimates for the different speed levels dependent on observer age. Error bars 245 

represent 95% confidence intervals.  246 

247 
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Table 3: Summary of ANOVA results for TTA estimate ratio (significant effects in boldface).  248 

  df F p ηp
2 

bicycle type 1, 42 7.67 .008 .154 

cyclists’ age 1, 42 20.01 <.001 .323 

speed  (*GGc) 1.515, 63.637 41.60 <.001 .498 

observers’ age  1, 42 20.91 <.001 .332 
     

bicycle type * observers’ age 1, 42 .10 .753 .002 

cyclists’ age * observers’ age 1, 42 5.00 .031 .106 

speed * observers’ age 2, 84 3.30 .042 .073 

bicycle type * cyclists’ age 1, 42 11.19 .002 .210 

bicycle type * speed (*GGc) 1.638, 68.791 .32 .687 .007 

cyclists’ age * speed (*GGc) 1.647, 69.192 .86 .410 .020 
     

bicycle type * cyclists’ age * observers’ age 1, 42 .13 .724 .003 

bicycle type * speed * observers’ age 2, 84 2.54 .085 .057 

cyclists’ age * speed * observers’ age 2, 84 .72 .491 .017 

bicycle type * cyclists’ age * speed (*GGc) 1.645, 69.075 6.46 .005 .133 
     

bicycle type * cyclists’ age * speed * 
observers’ age 

2, 84 .49 .614 .012 

Note: *GGc = Greenhouse-Geisser correction 249 

3. Experiment II  250 

The finding in Experiment I, that the e-bike was judged as arriving later than the conventional bicycle, 251 

was somewhat surprising since the two bicycles were chosen to be as similar as possible in terms of 252 

their design. From the video, it was impossible to differentiate between them (this was confirmed by 253 

the participants). Consequently, a possible explanation for this effect does not lie in the observers’ 254 

perception of the bicycle, but its rider instead. It appears that human perception is especially attuned 255 

for the biological motions of others (Johansson, 1973; Vanrie and Verfaillie, 2004). This perception of 256 

motion is often used to infer states, traits, intentions, and future actions of the observed. Schmidt 257 

and Färber (2009), for example, provided evidence that drivers use pedestrians’ posture and 258 

movement to infer a crossing intention. They noted that “there appears to be something special to 259 

the human motion which is necessary for intention recognition” (p. 307). Hemeren et al. (2014) 260 

found similar results for the prediction of cyclists’ behavior.  261 
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With the e-bike providing pedaling support to the rider, the riders’ effort, and especially his pedaling 262 

frequency, decreases when compared to riding a conventional bicycle at the same speed. An 263 

observer might interpret this comparatively low effort as an indicator for lower speed. This might 264 

also explain the finding that the older rider was perceived as arriving earlier than the younger one. 265 

During a second inspection of the video material the impression arose that, not surprisingly, it 266 

seemed like the older rider expended much more effort than the younger rider did to achieve the 267 

same speed. The observers might have interpreted this increased effort as an indicator for a 268 

somewhat higher speed. Because of the findings of Experiment I, the aim of Experiment II was to 269 

assess the effect of pedaling frequency on estimated TTA.  270 

Assuming that the perceived rider effort, and not the bicycle type (or the rider’s age), was 271 

responsible for the findings of the first experiment, the effect of bicycle type should disappear when 272 

we control for pedaling frequency. Aside from pedaling frequency and bicycle type, we also varied 273 

approach speed and observer age, again expecting longer estimates with increased speed and 274 

shorter estimates from older observers. 275 

3.2. Method  276 

3.2.1. Participants 277 

Participants consisted of 22 younger (20-45 years, M = 33.0, SD = 7.8) and 22 older adults (≥ 65 years, 278 

M = 71.3 years, SD = 3.7). Twenty- two participants were male and twenty-two were female (20-45 279 

years: 9 male, 13 female, ≥ 65 years:  13 male, 9 female). All participants had normal or corrected-to-280 

normal visual acuity and all of them had a valid driving license. Like in Experiment I, participants 281 

received monetary compensation for their participation.  282 

3.2.2. Experimental design 283 

Table 4 displays the factors and factor levels of this experiment. The mixed design again included 284 

observer age as a between-subjects factor. The three speed levels, two vehicle types, and three TTAs 285 
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(which were again included only to avoid learning effects) were identical to Experiment I. As a new 286 

factor, we introduced a variation of pedaling frequency (two levels). This resulted in a total of 36 287 

within factor level combinations that were then presented randomly to the participants. As 288 

dependent variable, we again measured the participants’ estimation of TTA. 289 

Table 4: Overview of all factors and factor levels. 290 

Observer age Bicycle type Pedaling frequency 
(Metronome speed)  

Speed TTA 

20-45 years 

≥ 65 years 

conventional bicycle 

electric bicycle 

Low (90 beats / minute) 

High (155 beats / minute) 

15 km/h 

20 km/h 

25 km/h 

4 s 

6 s 

8 s 

 291 

3.2.3. Material 292 

The video material used in this experiment was comparable to that used in Experiment I. Again, we 293 

recorded a cyclist approaching; he was riding one of the two bicycle types at one of the three speed 294 

levels. The two different levels of pedaling frequency were created with the help of a metronome 295 

that was played to the rider through an MP3 player. The metronome produced either 90 beats per 296 

minute (low condition) or 155 beats per minute (high condition), with the cyclist required to 297 

complete half a revolution per beat. Videos were again cut into 4s clips with the bike approaching at 298 

one of the three TTA level times. The videos were again presented to the participants by a projector 299 

(projection image 125 x 220 cm) with a distance of 250 cm between the participant, who was sitting 300 

at a desk, and the screen. The visual angle of the oncoming bicycle, including the rider, ranged from 301 

1.76° to 4.67° (final video frame before occlusion, Table 5). 302 

303 
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Table 5: Overview over all factors and factor levels. 304 

Speed TTA Visual angle  

15 km/h 4 s 4.67° 

 6 s  3.42° 

 8 s 2.70° 

20 km/h 4 s 3.74° 

 6 s 2.80° 

 8 s 2.18° 

25 km/h 4 s 3.22° 

 6 s 2.39° 

 8 s 1.76° 

 305 

3.2.4. Procedure 306 

The experimental procedure and room were the same as in Experiment I. Participants were 307 

presented with instructions and two practice trials before they began the 36 experimental trials. 308 

Again, their task was to indicate the arrival of the bicycle at the white line by pressing the space bar. 309 

The entire session lasted 15 to 20 minutes.  310 

3.2.5. Analysis  311 

The analysis procedure was identical to the one in Experiment I. Since we found no significant 312 

differences regarding the TTA estimates between the different TTA levels, F (2, 84) = 3.24, p = .051, 313 

η2
p = 0.072, we collapsed the data across TTA levels for the main analysis. A 4 factor mixed-design 314 

ANOVA was conducted for the TTA estimates ratio and Bonferroni correction was used for the 315 

pairwise comparisons. 316 

3.3. Results  317 

Figures 7, 8, and 9 display the actual estimated TTAs of the cyclists’ speed for each of the TTA levels 318 

depending on the factors bicycle type, pedaling frequency, and observer age. Like Experiment I, the 319 

effect of the cyclists’ speed on TTA estimates was statistically significant (see Table 6 for an overview 320 

of all main effects and interactions), with higher speeds being associated with increased TTA 321 
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estimates. Pairwise comparisons revealed significant differences between all three speed levels (all 322 

p < .001).  323 

Bicycle type (Figure 7), on the other hand, was no longer significantly associated with TTA ratios, with 324 

nearly identical mean TTA ratio values for the conventional bicycle (M = 0.75, SD = 0.40) and the e-325 

bike (M = 0.76, SD = 0.38). However, there was an interaction between bicycle type and speed. For 326 

15 and 20 km/h, the TTA estimates, as well as the ratios, were lower for the conventional bicycle 327 

than for the e-bike (Mbicycle 15 = 0.66, SD = 0.37; Mbicycle 20 = 0.73, SD = 0.39; Me-bike 15 = 0.68, SD = 0.37; 328 

Me-bike 20 = 0.78, SD = 0.40), whereas for 25 km/h, the TTA estimates ratios were lower for the e-bike 329 

than for the conventional bicycle (Mbicycle 25 = 0.86, SD = 0.47;  Me-bike25 = 0.83, SD = 0.39).  330 

0

1

2

3

4

5

6

7

8

ac
tu

al
 e

st
im

at
e

d
 T

TA
 in

 s

Speed 

Bicycle type x speed x TTA

E-bike Bicycle

TTA 4 s TTA 6 s TTA 8 s

 331 

Figure 7: TTA estimates for the different speed levels by bicycle type. Error bars represent 95% 332 

confidence intervals. 333 
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While bicycle type no longer played a main effect role in TTA estimates, we found a significant main 334 

effect of pedaling frequency. The actual estimated TTA for the higher pedaling frequency was clearly 335 

shorter than the estimates for the lower frequency (Figure 8). As a consequence, the TTA ratio for 336 

the higher pedaling frequency was significantly smaller (M = 0.72, SD = 0.38) than for the lower 337 

pedaling frequency (M = 0.79, SD = 0.41), i.e., participants perceived a bicyclist with a higher pedaling 338 

frequency as arriving earlier compared to a cyclist with a lower frequency. As expected, the age of 339 

our participants had a significant effect as well (Figure 9); the TTA ratios for our older group of 340 

participants were much lower (M = 0.51, SD = 0.15) than the TTA ratios for our younger group of 341 

participants (M = 1.01, SD = 0.40).  342 
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Figure 8: TTA estimates for the different speed levels by pedaling frequency. Error bars represent 344 

95% confidence intervals. 345 



Cite as: Schleinitz, K., Petzoldt, T., Krems, J.F., & Gehlert, T. (2016). Drivers’ gap acceptance in front of approaching bicycles 
– Effects of bicycle speed and bicycle type. Accident Analysis and Prevention, 92, 113-121. 
dx.doi.org/10.1016/j.aap.2016.03.020 

 

21 
 

0

2

4

6

8

10

ac
tu

al
 e

st
im

at
e

d
 T

TA
 in

 s

Speed 

Observer age x speed x TTA

20-45 65 and older

TTA 4 TTA 6 TTA 8

 346 

Figure 9: TTA estimates for the different speed levels by observers’ age. Error bars represent 95% 347 

confidence intervals. 348 

349 
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Table 6: Summary of ANOVA results for TTA estimate ratio. Significant effects in boldface.  350 

  df F p ηp
2 

bicycle type 1, 42 2.88 .097 .064 

pedaling frequency 1, 42 32.67 < .001 .438 

speed (*GGc) 1.604, 67.383 100.22 < .001 .705 

observer age 1, 42 30.47 < .001 .420 
     

bicycle type * observer age 1, 42 .03 .876 .001 

pedaling frequency * observer age 1, 42 2.18 .148 .049 

speed * observer age 2, 84 2.85 .064 .063 

bicycle type * cadence 1, 42 .01 .949 .000 

bicycle type * speed (*GGc) 1.755, 73.722 3.99 .027 .087 

pedaling frequency * speed (*GGc) 1.719, 72.197 1.14 .320 .026 
     

bicycle type * pedaling frequency * observer 
age 

1, 42 .01 .908 .000 

bicycle type * speed * observer age 2, 84 1.72 .185 .039 

bicycle type * pedaling frequency * speed 2, 84 .19 .825 .005 

pedaling frequency * speed * observer age 2, 84 1.20 .307 .028 
     

bicycle type * pedaling frequency * speed * 
observer age 

2, 84 .01 .997 .000 

Note: *GGc = Greenhouse-Geisser correction 351 

4. Discussion and conclusions 352 

We conducted two experiments examining the TTA estimations of approaching bicycles, in which 353 

approach speed, bicycle type, cyclist’s age, pedaling frequency, and observers’ age were tested as 354 

influencing factors on TTA judgments. Experiment I showed a large effect of the cyclist’s approach 355 

speed, observer’s age, cyclist’s age, and bicycle type on TTA estimation. The results for bicycle type 356 

suggested that the perception of the rider’s motion had an effect on the TTA estimates since the e-357 

bike, although visually indistinguishable from the conventional bicycle, was judged as arriving 358 

significantly later. It was hypothesized that the reduced cycling effort when riding an e-bike, e.g. 359 

through a reduced pedaling frequency, might be the source of this difference in perception. This 360 

hypothesis was tested in Experiment II. Indeed, the results showed a large effect of pedaling 361 

frequency on TTA estimations; cyclists approaching with a higher pedaling frequency were judged to 362 

be arriving earlier than cyclists pedaling with a lower frequency are. Moreover, the effect of pedaling 363 

frequency was independent of bicycle type, i.e., for both, the e-bike and the conventional bicycle, 364 
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higher pedaling frequencies were associated with shorter TTA estimates. At the same time, there was 365 

no longer an effect of bicycle type on participants TTA estimates. This result underlines the relevance 366 

of the cyclist’s motion pattern for TTA estimation. 367 

In both experiments, we found that the age of the observer had a strong effect on TTA estimates, 368 

with older participants consistently providing shorter estimates than younger observers did. This 369 

finding confirms results from previous studies (e.g. DeLucia et al., 2003; Hancock and Manser, 1997; 370 

Schiff et al., 1992). Unfortunately, although this finding should mean that older participants make 371 

safer decisions on the road (Scialfa et al., 1987), DeLucia et al. (2003) found no correlations between 372 

TTA judgments and driver performance measures. Based on further results, they argued that older 373 

drivers have problems judging whether or not a collision would even occur, because they have 374 

problems accounting for the trajectory of the approaching object. This, in their interpretation, could 375 

be one potential explanation for the increased crash rates of older drivers. 376 

The results from both experiments make it clear that approach speed has a considerable impact on 377 

TTA estimates, with increases in speed resulting in longer TTA estimates. While similar findings have 378 

been reported in regards to TTA estimates for motorized vehicles (e.g. Horswill et al., 2005; Manser, 379 

1999), our results are the first to confirm these findings for the cycling domain with its comparatively 380 

slower speeds. In addition, the fact that our relatively minor speed variations (in steps of 5km/h) still 381 

provoked this effect is an indicator for the stability of the phenomenon. This might be seen as slightly 382 

alarming, since the close link between TTA estimate and crossing decision (Petzoldt, 2014) implies 383 

that riders of e-bikes, with their potential to travel at higher speed, should be considered as being at 384 

an increased risk for collisions. 385 

This issue is further complicated by the fact that approaching e-bikes were judged as arriving later 386 

than conventional bicycles. As Experiment II showed, this effect is mainly driven by a perceived 387 

reduction in effort by the cyclist, due to a reduced pedaling frequency. The interpretation that 388 

perceived pedaling effort is an indicator of the cyclist’s speed also helps explain the apparently 389 
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counterintuitive finding that the older cyclist was perceived to have arrived earlier than the younger 390 

one. The situation in which an e-bike rider approaches another party with seemingly low effort, but 391 

at relatively high speeds, must therefore be considered a situation prone to misperception by the 392 

other party. 393 

Additional problems arise when comparing bicycles (in general) to other vehicles. It has repeatedly 394 

been reported that larger vehicles (e.g. Caird and Hancock, 1994), and larger objects in general  (e.g. 395 

DeLucia, 1999; van der Kamp et al., 1997), are judged to arrive earlier than smaller ones. This so 396 

called size-arrival-effect has even been suspected to be the cause of a considerable number of car 397 

drivers’ right-of-way violations in interactions with motorcycles (Horswill et al., 2005). As cyclists and 398 

their bicycles are probably physically the smallest group of road users, it has to be assumed that the 399 

high number of turning crashes between motorized vehicles (mainly those with four wheels) and 400 

cyclists are also a result of TTA overestimations. Overall, these findings indicate that there is no 401 

simple solution to the problem of a potential misperception regarding the TTA estimate of an e-bike 402 

rider.  403 

A first step towards such a solution might be to increase road user awareness of the fact that there is 404 

a growing presence of vehicles on the road that might look like conventional bicycles, but are 405 

possibly travelling much faster. Road safety organizations should take on the responsibility of 406 

educating other road users about electric bicycles and their capabilities (Bohle, 2015). Unfortunately, 407 

currently e-bike users themselves also have to be prepared that other road users might be unaware 408 

of the presence of e-bikes on the road, and thus should expect unsafe turning or crossing maneuvers 409 

in front of them.  410 

A step beyond the mere provision of more information would be to increase the distinctiveness of e-411 

bikes through design changes, to allow for a better differentiation between them and conventional 412 

bicycles. It is clear that road users are hardly able to visually distinguish between conventional 413 

bicycles and e-bikes, which is a problem. The view of a certain vehicle leads road users to form 414 

expectations about this vehicle’s behavior, including its acceleration and speed (Cherry and Andrade, 415 
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2001; Davies, 2009). Such expectations help to ease the decision making process. E.g., knowing that 416 

bicycles are usually rather slow helps to make a crossing decision in which a bike is in a considerable 417 

distance, without the need to actually observe the bicycle’s approach. After all, given its limitations, 418 

there should be no chance that the bicycle is so fast that a collision would be even possible. 419 

However, the behavior of e-bikes does not necessarily match such expectations. Therefore, it 420 

appears necessary to make it clear to other road users that the bicycle-shaped vehicle that is coming 421 

towards them is, in fact, not a conventional bicycle. While such an approach would not eliminate the 422 

size-arrival-effect, it would reduce judgmental errors that occur because road users erroneously 423 

assume that the vehicle coming towards them is an ordinary bicycle when in fact it is an e-bike.  424 

In addition, it might be assumed that, once the market penetration of e-bikes is high enough so that 425 

other road users have been able to experience them on a regular basis, their speed should no longer 426 

come as a surprise. However, given the persistence of the effects of speed or size of vehicles in 427 

general on TTA estimates, it is unrealistic to expect a clearer differentiation or an increase of 428 

exposure to fully eradicate any apparent misperceptions of an e-bikes approaching speed. The fact 429 

that differences in TTA estimation can still be found for long established vehicle types suggests that 430 

the unfavorable effects we found for e-bikes will not completely disappear, regardless of the 431 

measures that might be taken. 432 

 433 

5. Acknowledgments 434 

The research presented in this paper was funded by German Insurers Accident Research (UDV). 435 

 436 

References 437 

bfu-Beratungsstelle für Unfallverhütung, 2014. SINUS-Report 2014: Sicherheitsniveau und 438 

Unfallgeschehen im Strassenverkehr 2013. Bern: bfu. 439 

Bohle, W., 2015. Potential influences of pedelecs and other electromotive assisted bicycles on road 440 

safety , especially with regard to elder cyclists, in: Proceedings of the International Cycling 441 



Cite as: Schleinitz, K., Petzoldt, T., Krems, J.F., & Gehlert, T. (2016). Drivers’ gap acceptance in front of approaching bicycles 
– Effects of bicycle speed and bicycle type. Accident Analysis and Prevention, 92, 113-121. 
dx.doi.org/10.1016/j.aap.2016.03.020 

 

26 
 

Safety Conference 2015. Hannover. 442 

Caird, J.K., Hancock, P.A., 1994. The perception of arrival time for different oncomming vehicles at an 443 

intersection. Ecol. Psychol. 6, 83–109. 444 

Cherry, T.L., Andrade, P., 2001. Bright Cars and Outsiders : Evidence of Asymmetric Estimates in 445 

Vehicular Speeds. J. Appl. Psychol. 31, 2538–2544. 446 

Davies, G.M., 2009. Estimating the speed of vehicles: the influence of stereotypes. Psychol. Crime 447 

Law 15, 293–312. doi:10.1080/10683160802203971 448 

Davies, G.M., Patel, D., 2005. The influence of car and driver stereotypes on attributions of vehicle 449 

speed, position on the road and culpability in a road accident scenario. Leg. Criminol. Psychol. 450 

10, 45–62. doi:10.1348/135532504X15394 451 

DeLucia, P.R., 1999. Size-arrival effects: The potential roles of conflicts between monocular and 452 

binocular time-to-contact information, and of computer aliasing. Percept. Psychophys. 61, 453 

1168–1177. 454 

DeLucia, P.R., Bleckley, K.M., Meyer, L.E., Bush, J.M., 2003. Judgments about collision in younger and 455 

older drivers. Transp. Res. Part F Traffic Psychol. Behav. 6, 63–80. doi:10.1016/S1369-456 

8478(02)00047-5 457 

Feng, Z., Raghuwanshi, R.P., Xu, Z., Huang, D., Zhang, C., Jin, T., 2010. Electric-bicycle-related injury: a 458 

rising traffic injury burden in China. Inj. Prev. 16, 417–419. doi:10.1136/ip.2009.024646 459 

Hancock, P.A., Manser, M.P., 1997. Time-to-Contact : More Than Tau Alone. Ecol. Psychol. 9, 265–460 

297. 461 

Hemeren, P., Johannesson, M., Lebram, M., Eriksson, F., Ekman, K., Veto, P., 2014. The Use of Visual 462 

Cues to Determine the Intent of Cyclists in Traffic, in: 2014 IEEE International Inter-Disciplinary 463 

Conference on Cognitive Methods in Situation Awareness and Decision Support (CogSIMA). IEEE 464 

Press, San Antonio, pp. 47–51. 465 

Horswill, M.S., Helman, S., Ardiles, P., Wann, J.P., 2005. Motorcycle accident risk could be inflated by 466 

Time to Arrival illusion. Optom. Vis. Sci. 82, 740–746. 467 

Jellinek, R., Hildebrandt, B., Pfaffenbichler, P., Lemmerer, H., 2013. MERKUR - Auswirkungen der 468 

Entwicklung des Marktes für E-Fahrräder auf Risiken, Konflikte und Unfälle auf 469 

Radinfrastrukturen (Band 019). Wien: Bundesministerium für Verkehr, Innovation und 470 

Technologie. 471 

Joanisse, M., Gagnon, S., Voloaca, M., 2012. Overly cautious and dangerous: An empirical evidence of 472 



Cite as: Schleinitz, K., Petzoldt, T., Krems, J.F., & Gehlert, T. (2016). Drivers’ gap acceptance in front of approaching bicycles 
– Effects of bicycle speed and bicycle type. Accident Analysis and Prevention, 92, 113-121. 
dx.doi.org/10.1016/j.aap.2016.03.020 

 

27 
 

the older driver stereotypes. Accid. Anal. Prev. 45, 802–810. doi:10.1016/j.aap.2011.11.002 473 

Johansson, G., 1973. Visual perception of biological motion and a model for its analysis. Percept. 474 

Psychophys. 14, 201–211. 475 

Kuratorium für Verkehrssicherheit, 2011. Auswertung der Befragung von E-Bike- Nutzern in Salzburg. 476 

Salzburg. 477 

Manser, M.P., 1999. The role of ecological validity in the ability to estimate time-to-contact. Proc. 478 

Hum. Factors Ergon. Soc. Annu. Meet. 43, 1270–1274. doi:10.1177/154193129904302302 479 

Petzoldt, T., 2014. On the relationship between pedestrian gap acceptance and time to arrival 480 

estimates. Accid. Anal. Prev. 72, 127–133. doi:10.1016/j.aap.2014.06.019 481 

Petzoldt, T., Schleinitz, K., Heilmann, S., Gehlert, T., 2015. Safety critical events and their contextual 482 

factors when riding conventional vs. electric bicycles. Manuscript submitted for publication. 483 

Popovich, N., Gordon, E., Shao, Z., Xing, Y., Wang, Y., Handy, S., 2014. Experiences of electric bicycle 484 

users in the Sacramento, California area. Travel Behav. Soc. 1, 37–44. 485 

doi:10.1016/j.tbs.2013.10.006 486 

Preißner, C.L., Kemming, H., Wittkowsky, D., Bülow, S., Stark, A., 2013. Einstellungsorientierte 487 

Akzeptanzanalyse zur Elektromobilität im Fahrradverkehr. Dortmund: ILS – Institut für Landes- 488 

und Stadtentwicklungsforschung gGmbH. 489 

Recarte, M.Á., Conchillo, Á., Nunes, L.M., 2005. Estimation of arrival time in vehicle and video. 490 

Psicothema 17, 112–117. 491 

Rose, G., 2012. E-bikes and urban transportation: emerging issues and unresolved questions. 492 

Transportation (Amst). 39, 81–96. doi:10.1007/s11116-011-9328-y 493 

Scaramuzza, G., Uhr, A., Niemann, S., 2015. E-Bikes im Strassenverkehr – Sicherheitsanalyse (bfu-494 

Report Nr. 72 ). Bern: bfu-Beratungsstelle für Unfallverhütung. 495 

Schiff, W., Oldak, R., 1990. Accuracy of judging time to arrival: Effects of modality, trajectory, and 496 

gender. J. Exp. Psychol. Hum. Percept. Perform. 16, 303–316. doi:10.1037//0096-1523.16.2.303 497 

Schiff, W., Oldak, R., Shah, V., 1992. Aging persons’ estimates of vehicular motion. Psychol. Aging 7, 498 

518–525. doi:10.1037//0882-7974.7.4.518 499 

Schleinitz, K., Franke-Bartholdt, L., Petzoldt, T., Schwanitz, S., Kühn, M., Gehlert, T., 2014. Pedelec-500 

Naturalistic Cycling Study (Forschungsbericht Nr. 27). Berlin: Unfallforschung der Versicherer. 501 

Gesamtverband der Deutschen Versicherungswirtschaft e.V. 502 

Schleinitz, K., Petzoldt, T., Franke-Bartholdt, L., Krems, J., Gehlert, T., in press. The German 503 



Cite as: Schleinitz, K., Petzoldt, T., Krems, J.F., & Gehlert, T. (2016). Drivers’ gap acceptance in front of approaching bicycles 
– Effects of bicycle speed and bicycle type. Accident Analysis and Prevention, 92, 113-121. 
dx.doi.org/10.1016/j.aap.2016.03.020 

 

28 
 

Naturalistic Cycling Study - Comparing cycling speed of riders of different e-bikes and 504 

conventional bicycles. Saf. Sci. doi:10.1016/j.ssci.2015.07.027 505 

Schmidt, S., Färber, B., 2009. Pedestrians at the kerb – Recognising the action intentions of humans. 506 

Transp. Res. Part F Traffic Psychol. Behav. 12, 300–310. doi:10.1016/j.trf.2009.02.003 507 

Scialfa, C.T., Lyman, B.J., Kline, D.W., Kosnik, W., 1987. Age Differences in Judgements of Vehicle 508 

Velocity and Distance. Proc. Hum. Factors Ergon. Soc. Annu. Meet. 31, 558–561. 509 

doi:10.1177/154193128703100517 510 

Skorna, A.C.H., Treutlein, D., Westmoreland, S., Loock, C.-M., Paefgen, J.F., von Watzdorf, S., 511 

Ackermann, L., Bereuter, A., 2010. Baloise Group - Sicherheitsstudie 2010 Gefahren und 512 

Risikofaktoren beim Fahrradfahren in Deutschland. St. Gallen, Zürich. 513 

Tresilian, J.R., 1995. Theory and Evaluative Reviews Perceptual and cognitive processes in time-to-514 

contact estimation : Analysis of prediction-motion and relative judgment tasks. Percept. 515 

Psychophys. 57, 231–245. 516 

van der Kamp, J., Savelsbergh, G., Smeets, J., 1997. Multiple information sources in interceptive 517 

timing. Hum. Mov. Sci. 16, 787–821. doi:10.1016/S0167-9457(97)00017-1 518 

Vanrie, J., Verfaillie, K., 2004. Perception of biological motion: A stimulus set of human point-light 519 

actions. Behav. Res. Methods, Instruments, Comput. 36, 625–629. doi:10.3758/BF03206542 520 

Zweirad-Industrie-Verband, 2014. Jahresbericht. Bad Soden a. Ts. 521 

 522 


