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1. Introduction 
In the Netherlands, five percent of the people own a pedelec (PEDal ELEctric 
Cycle), with a relatively high ownership rate and mileage among women and 
people aged 60 and over (Van Boggelen et al., 2013). The pedelec market 
can be broken down into two categories: “pedelecs” and “speed pedelecs”. 
Unfortunately, neither research nor safety data distinguish between these two 
types of pedelecs so that the effects of potentially higher speed and of modal 
shifts on road safety are yet unclear. 
 Although a steady decline in bicyclist fatality rates can be seen, the 
number of seriously injured bicyclists has been increasing in the Netherlands 
in last 10 years, with the most serious injuries occurring among the older age 
groups (SWOV, 2013). About one third of bicycle accidents in which no 
motorized vehicle was involved happened on a pedelec (Davidse et al., 
2014a, b). Research should indicate whether the increasing number of 
injuries can be explained by individual factors (e.g., more and more older 
people riding a bicycle nowadays), by vehicle factors (e.g., mechanical 
differences between conventional bicycles and pedelecs), or by the third 
traffic pillar: infrastructure (e.g., bicycle lane widths). 

This poster categorizes contributing factors of pedelec crashes based on 
results of previous studies in the Netherlands. We use a framework of 
multilevel sociocultural and technical environment of road traffic (Özkan, 
2006).  

 Davidse, R., Van Duijvenvoorde, K., Boele, M., Doumen, M., Duivenvoorden, K., & Louwerse, R. (2014a). Letselongevallen van fietsende 50-plussers: Hoe ontstaan ze en 
wat kunnen we eraan doen? [Injury accidents involving cyclists aged 50 and over: How do they happen and what can we do to prevent them?]. R-2014-3. Den Haag: 
SWOV Institute for Road Safety Research.  

 Davidse, R., Van Duijvenvoorde, K., Boele, M., Duivenvoorden, K., & Louwerse, R. (2014b). Fietsongevallen van 50-plussers in Zeeland: Hoe ontstaan ze en wat kunnen 
we eraan doen? [Bicycle crashes in the province of Zeeland involving people aged 50 and over: How do they happen and what can we do to prevent them?]. R-2014-16. 
Den Haag: SWOV Institute for Road Safety Research.  

 European Parliament and the Council of the European Union, Directive 2002/24/EC relating to the type-approval of two or three-wheel motor vehicles and repealing 
Council Directive 92/61/EEC, 18 March 2002.  

 Kruijer, H., Den Hertog, P., Klein Wolt, K., Panneman, M., & Sprik, E. (2013). Fietsongevallen in Nederland  [Bicycle Crashes in the Netherlands]. Amsterdam: VeiligheidNL.  
 Kühn, M. (2012). Safety Aspects of High-Speed Pedelecs. Berlin: German Insurers Accident Research. 

 Lenten, G., & Stockmann, B. (2010). Elektrische fietsen en verkeersveiligheid: Een verkennend onderzoek door middel van literatuur, deskundigen en gebruikers 
[Electric bicycling and traffic safety: An exploratory study by means of literature, experts, and users]. Zwolle: ROVO/Hogeschool Windesheim. 

 Özkan, T. (2006). The regional differences between countries in traffic safety: A cross-cultural study and Turkish case. Doctoral dissertation. University of Helsinki, 
Helsinki. Retrieved from http://ethesis.helsinki.fi/julkaisut/kay/psyko/vk/ozkan/theregio.pdf on 10/12/2014. 

 SWOV. (2013). Cyclists. SWOV Fact sheet. Den Haag: SWOV Institute for Road Safety Research. 
 Reith, M. (2012). De Groeistuipen van de elektrische fiets [The growth spurts of the electric bicycle]. Fietsverkeer, 31, 32-35. 
 Twisk, D.A.M., Boele, M.J., Vlakveld, W.P., Christoph, M., Sikkema, R., Remij, R., & Schwab, A.L. (2013). Preliminary results from a field experiment on e-bike safety: 

speed choice and mental workload for middle-aged and elderly cyclists. Proceedings of the International Cycling Safety Conference, Helmond, The Netherlands.  
 Van Boggelen, O., Van Oijen, J., & Lankhuijzen, R. (2013). Feiten Over de Elektrische Fiets [Facts About the Electrically Assisted Bicycle]. Utrecht: Fietsberaad.  

A literature search was conducted to retrieve Dutch research studies that 
aimed for insight into i) ownership of a pedelec and ii) the safety of pedelecs. 
Of 12 reviewed research studies, 5 papers were chosen based on sample 
size, methodology, and studied factors. These studies serve as a starting 
point for the categorization of factors that contribute to the likelihood of 
pedelec accidents. 
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The characteristics of pedelecs and speed pedelecs in the Netherlands (Directive 
2002/24/EC; Reith, 2012; Kühn, 2012). *Regulation in Directive 2002/24/EC is 
currently not implemented in the Netherlands. 

 Registration of pedelec accidents as a separate category in crash reports 
 Examination of modal shifts and their impact on road safety 
 Investigation of the mechanical stability of pedelecs 

Numbers refer to studies mentioned in the table above. * Factor was suggested by the authors, but was not empirically investigated in the study. 

 Improvement of pedelec-handling skills among older persons 
 Investigation of commuters’ risky behaviour  
 Motivations for buying a (speed) pedelec: comfort and/or speed gain 

Old persons 1, 2, 3, 4, 5  

 High mental workload 3 
 Lack of experience with riding a bicycle 2* 

People with health problems 3*  

Commuters 1*, 2* 

Crash type 
 Single-bicycle crashes: fallen while (dis)mounting 1, 5; 

fallen while braking 1; fallen while turning at 
intersection 1 

 Cyclist-cyclist crashes: while overtaking 4 

Road section: Curves 1 

Injuries 
 Higher injury risk for older persons 1, 3*, 4*, 5* 

 Treatment in an emergency room ↑ for older   
persons 1, 4*, 5*, ↑ for women 1, 4, 5 

 Equally severe as in crashes with conventional  
bicycle 1 

Width of bicycle paths  
 Bi-directional bicycle paths: increased probability of conflicts 

because of overtaking due to speed differences 2*  
Organisation of intersections 
 More conflicts at intersections 2* 

Higher weight (50%) 1, 2*, 3*, 5 

 Balance and manoeuvring during         
(dis)mounting 1 , 2*, 3*, 5 and parking 2*; greater risk 
in crashes compared to the conventional bicycles 
(higher speed) 2* 

Higher acceleration 3* 

Higher centre of gravity 3* 

Silent running compared to moped 2* 

Braking from higher speed 1 

Conceptual framework for road safety 
environment (Adapted from Özkan, 2006)  

Use of a pedelec 
 Longer distances than on a conventional bicycle 2*, 3* 

 More trips than on a conventional bicycle 2 

Trip purpose 
 Older persons: recreation 2, bike tours 1, shopping 1 

 Younger bicyclists: commuting 1, shopping 1 

Studies investigating ownership of a pedelec and/or the safety of pedelecs.  

  Pedelec Speed pedelec 
 Pedal assistance Yes Yes 
 Motor (power is provided   
 only during pedalling) ≤ 250 W ≤ 250 W 

 Assistance up to 25 km/h 45 km/h 
 Categorization Bicycle Moped (L1e)* 

 Age restriction No Yes, ≥ 16* 

 Helmet Recommended Mandatory* 

 Plate and insurance No Yes* 

 License No Yes (AM)* 

 Allowed on bicycle lane Yes No* 

Authors Method Sources  
of Data 

Sample  
Size 

Type of bicycle 

Conventional Pedelec Speed pedelec 

1. Kruijer et al.  
(2012) Questionnaire Dutch Injury Surveillance 

System 2287 1990 297 0 

2. 
Lenten &  

Stockmann  
(2010) 

Interviews 
Focus group 

Experts 
Users - Bicyclists 

6 
18 

- 
0 

- 
18 

- 
0 

3. Twisk et al.  
(2013) 

Naturalistic cycling 
data Instrumented bicycles 58 58 58 0 

 
4. 
5. 

Davidse et al. 
(2014a) 
(2014b) 

In-depth accident 
analysis 

Interview with cyclist 
Pictures of bicycle 
Scene investigation 

Injury system in hospital 

 
41 
35 

 
25 
23 

 
16 
12 

 
0 
0 

Traffic components 
(internal factors) 

A country’s environment 
(external factors) Exposure 

Accidents and its 
consequences 

Individual level 

Organisational /  
Company level 

Group level 

National level 

Eco-cultural-socio-political level Road engineering/ 
Infrastructure 

Bicycle engineering/ 
Vehicles 

Road users 
(behaviour, skills) 
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Skills 
 Older persons have problems with bicycle 

handling in particular manoeuvres 3* 

Risky behaviour at intersections 
 Younger bicyclists are more likely to engage  

in risky behaviours at intersections 2 
Overtaking 
 Less likely to have accidents while being 

overtaken by another road user as compared 
to conventional bicycles 1 

 

Speeding 
 Higher average speed than on 

conventional bicycle 2*, 3 

• Straight road sections ↑ 4 km/h 3 

• Complex traffic situations ↑ 1,5 km/h 3 

 Older persons ride slower than middle-
aged cyclists 1, 2, 3; Older persons try to 
pay more attention to traffic 2 
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