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A B S T R A C T

E-bikes are becoming increasingly popular, and are given an important role in the green mobility of the future.
However, some have raised concerns that the increased speed and the increased weight of the e-bike can lead to
more accidents among cyclists riding an e-bike, as compared to conventional bicycles. Furthermore, it has been
suggested that e-bikes may appeal to new groups of cyclists with little cycling experience, which may further
impede cyclist safety. Previous research has not provided a clear picture. We investigate these questions with
data from three surveys carried out in Norway (N=7752). A logistic regression analysis comparing conven-
tional and electric bicycles, controlling for age gender and exposure, shows an overall risk increase (all acci-
dents) for e-bike users. The results suggest that this increased risk derives from females having a higher accident
risk on e-bikes. For men there is no risk difference between e-bikes and conventional bikes. Some, but not all, of
this elevated risk can be attributed to being unfamiliar with the bicycle. E-bikes are not more likely to cause
serious accidents than conventional bicycles. In-depth analysis of accident causation showed that there was no
difference in the factors leading to accidents, except that there was a somewhat higher prevalence of accidents
resulting from balance problems with e-bikes.

1. Introduction

In recent years, e-bike sales have increased significantly in Norway
(Tronstad, 2017). It is expected to increase further in the coming years,
as the authorities want to increase cycling shares. Increasing the usage
of e-bikes may be considered an environmental policy, as e-bike pro-
pulsion produce negligible carbon emissions. Another advantage is the
effect of e-bikes on the health of the population (Sundfør and Fyhri,
2017). The electric motor assists acceleration or up hills, but still re-
quires pedalling. E-bikes have proven to be an effective means to attract
new cyclists (Fyhri et al., 2016) and can make it easier for people with
physical disabilities to travel greater distances by their own.

E-bikes following the regulations made by the EU are formally
known as EPACs (electric pedal assisted cycle), but are also known as
Pedelecs. The EU regulations apply in Norway, which means that the
motor assistant is limited to 250W, and that the motor stops assisting
beyond 25 km/h. Other countries, such as China, have more liberal
regulations, with fewer restrictions on max speeds or need for applying
the pedals to move forward, so that e-bikes typically can reach above
60 km/h using only the motor assistance. Studies looking at the acci-
dent risk related to e-bikes need to take into account the laws and
regulations under which they are introduced (Fishman and Cherry,
2015).

Some have raised concerns that an increased use of e-bikes may lead
to more traffic accidents (Papoutsi et al., 2014; Schepers et al., 2014;
Weber et al., 2014). There are several factors that need to be taken into
account to when investigating whether the increased share of e-bikes
will increase the number of bicycle accidents. In discussing this claim,
we will distinguish between a mere exposure effect, an increased risk and
differences in injury severity.

Regarding the exposure effect, people tend to ride longer when they
switch from a conventional bike to an e-bike (Fyhri et al., 2016). An
Israeli study based on data from the National Trauma Registry, con-
cludes that electric-powered 2-wheeled vehicles (herein e-bikes) in-
crease accident numbers and “questions the social and economic ad-
vantages” of them (Siman-Tov et al., 2017, p. 318). However, the study
did not account for possible changes in number of e-bikes in traffic nor
for differences in usage between conventional and electric bikes. An-
other limitation is that trauma data only cover a small share of all ac-
cidents. Several studies have found substantive underreporting of bi-
cycle accidents, both to the police and to hospitals (Shinar et al., 2018).
Recent studies from Oslo, Norway, reveal that only 10% of bicycle
traffic accidents resulting in personal injury are reported to the police.
(Bjørnskau, 2005; Bjørnskau and Ingebrigtsen, 2015). This implies
limited ability to draw conclusions about all cyclist accidents, especially
if there are systematic differences in what kinds of accidents get
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reported; e-bikes are more expensive, which may increase willingness
to report accidents for insurance claims.

A Dutch study that accounted for exposure found a small, but sig-
nificant increase in accident risk for e-bikes (Schepers et al., 2014). This
is a methodologically sound study, albeit it has some short-comings.
The measure of exposure used, is only a crude sum of number of days
cycled. Furthermore, since it is a case-control study, it is imperative that
the groups are sufficiently matched on important background variables
that may impact the difference between the two groups. As previously
noted, e-bikes may be particularly attractive for specific segments of the
population, which may also be segments that are more prone to have
accidents.

In a replication of this study, a total of 2383 victims from emergency
wards responded to a survey about accident characteristics, and type of
bicycle used (Schepers et al., 2018). As in the former study exposure
data was collected from an external web-panel. In the follow-up study
no increased risk of accidents, nor any increased accident severity as-
sociated with e-bikes was found. The authors argue that the difference
in results may be attributed to improved control for exposure and over
secondary influences from poor health. However, other factors, such as
improved quality of e-bikes (mid- and back-wheel mounted motors as
opposed to front wheel motors) might also have contributed.

Some studies argue that e-bikes may cause more serious accidents
and injuries because of higher speeds and greater weight than con-
ventional bicycles (Lawinger and Bastian, 2013; Poos et al., 2017).
However, several other studies found no difference in severe accidents
between e-bikes and conventional bikes (Otte et al., 2014; Weber et al.,
2014), and Papoutsi et al (2014) concluded that their data was in-
sufficient to draw any conclusion about relative risk.

A Swedish study found that e-bicyclists brake harder, more sud-
denly, and have a higher mean speed than conventional bikes (Huertas-
Leyva et al., 2018). Similarly, a Norwegian study also found e-bikes to
have significantly higher mean speeds in Norway than conventional
bikes, (20.8 vs 21.8 km/h for male cyclists and 17.4 vs 20.4 km/h for
female cyclists), but small differences in maximum speeds (Flügel et al.,
2017; Johansson and Fyhri, 2018). A Dutch study, comparing the same
cyclists on the same route, with electric and conventional bicycles,
found that middle aged participants rode on average 2.6 km/h faster on
an e-bike than a conventional bike (Vlakveld et al., 2015). A study using
self-report data found that cyclists who reported to cycle fast, where
more likely to be involved in accidents, controlling for a range of other
known risk factors (Fyhri et al., 2010).

The added weight of the e-bike may also contribute to difficulty
handling the bike. This will also vary between bikes and by where the
engine and battery are placed. Some evidence suggests that e-bike ri-
ders more often experience accidents while turning or while mounting
and dismounting the bike, and older people may have greater trouble
handling the extra weight (Haustein and Møller, 2016; Schepers et al.,
2014). One study suggested that e-bikes are more unstable in phase one
(mounting the bicycle) but more stable in phase two (acceleration) of
riding (Twisk et al., 2017). The study found that there were age and
gender differences in the strategies used in phase one. However, in none
of the phases were there any interaction between age, gender and bi-
cycle type. So, males and younger participants accelerated faster, and
women and elderly had somewhat poorer stability, but using e-bikes
did no influence this pattern. A different study found that elderly do
have better stability while riding e-bikes compared to conventional
bikes (Kovácsová et al., 2016). Crash-tests suggests no extra risk asso-
ciated with e-bikes (Niska and Wenäll, 2017). In the latter study it was
argued that the motor and battery may lower the centre of gravity, thus
actually reducing the risk of tipping over while braking.

This literature review shows that to bring knowledge further there is
need for studies with large enough sample sizes to be able to compare
accident risk between electric and conventional bicycles. This also
implies having sufficient control with exposure (i.e. distance travelled
on the bicycle). Further, user groups differ, which might again have

implications for accident risk or injury severity; older women have been
suggested as a group with particular high risk while riding e-bikes
(Fietsberaad, 2013). Hence, having detailed information about im-
portant background characteristics of the cyclist is imperative.

1.1. Objectives

While a number of studies have investigated the accident risk of e-
bikes, evidence is still quite mixed. In this article, we aim to investigate
some of the questions regarding e-bikes and accident risk. The main aim
is to investigate if e-bikes have a higher risk for being involved in ac-
cidents than conventional bicycles. Further we aim to investigate if
women, and in particular older women have a higher risk on e-bikes
than male cyclists. We also investigate if a potential accident risk from
e-bikes can be attributed to their novelty for the users. Finally, we will
explore if the causes and consequences of e-bike accidents differ from
ordinary bicycle accidents; more specifically if they are more serious,
and if they more often happen because of higher speeds or manoeuvring
problems.

2. Methods

We used three data sets to carry out the analysis. Data set one (DS1)
was a two-stage survey carried out in nine Norwegian urban areas in
2017, where participants were first recruited in a large scale study
about general cycling behaviour and accident involvement and then
given a more detailed questionnaire about the accident they had been
involved in. Data set two (DS2) was a study about general cycling be-
haviour carried out in Norway’s four largest cities 2018, using the same
questionnaire items as in DS1. Data set three (DS3) was a study carried
out in 2018 among a random population sample covering all of
Norway, functioning as a baseline study of a coming campaign for
improved road safety (focussing on distractions in traffic).

There were some variations in questionnaire items (as will be ex-
plained), but a common feature of all questionnaires is that accident
involvement during the previous and current year was recorded.

2.1. Data set one (DS1)

2.1.1. Sampling
Participants were recruited in two steps. First, 40,000 participants

were randomly selected from the National Register of Bicycle Owners (a
voluntary register for reducing ‘own risk’ in insurance cases). Members
were invited via email to participate in a web survey during the summer
of 2017. Second, those who reported an accident while cycling during
the last three years, received an additional web survey a few weeks
later.

In the first data collection, a total of 6337 (16%) participants re-
sponded. Invitations to participate in the follow-up survey was sent to
555 persons who reported an accident, and 390 of these responded
(70.2%). Of these 390 respondents 66 (16.9%) had been using an e-bike
when the accident occurred.

2.1.2. Survey items
The first survey was quite extensive. In the following, we describe

the items used for the current analysis in the order in which they were
presented to the respondents in the survey.

We measured bicycle use with three questionnaire items. The first
was about how often they used a bicycle for transport purposes (More
than four days/week; two to four days/week; one day/week; one to
three days per month; less often; never). The second was about how
often they used a bicycle for recreation purposes (More than four days/
week; two to four days/week; one day/week; one to three days per
month; less often; never).

The third question was: “Approximately, how far (in kilometers) did
you ride your bike in the past week, i.e. in the past seven days?”
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Respondents were asked to distinguish between cycling for transport
purposes and cycling for recreation.

Respondents registered what kind of bike they used the most
(Mountain bike; Classical (retro) bike; “Hybrid bike” (commuter bike);
Racer bike; Shared bike; E-bike; Other).

Accident involvement was recorded with the question “Have you
had an accident with a bicycle in the last few years? With accident we
mean crashing, running of the road or falling over, and resulting in
damage either to yourself or to the bicycle” (Yes, in 2017; Yes, in 2016;
Yes, in 2015; No).

In the follow-up questionnaire a range of questions regarding the
accident was asked. Survey items included in the current paper were:

• Did you visit a doctor? (yes; no)

• What type of bicycle did you use? (Mountain bike; Classical (retro)
bike; “Hybrid bike” (commuter bike); Racer bike; Shared bike; E-
bike; Other)

The respondents were asked if the accident was a collision or a
single accident. Respondents who had been in a single accident were
asked to select one of 13 pre-defined categories of accident causes1 . For
the current study these were grouped into the following: Braked too
hard; Went off road/Hit object; Fell over (Hit tram-line, sidewalk, hole);
Object into wheel; Problem with the pedal; Lost balance.

Further all participants were asked to indicate on a 7-point Likert
scale ranging from 1 (totally disagree) to 7 (totally agree) for each of
the items:

• I was well used to the bike

• The accident happened because I did not know the bike

• The accident could have been avoided if I had a bike I was more
familiar with

• The accident happened because I did not brake fast enough

• The accident happened because I cycled too fast

• The accident happened because I accelerated too fast

2.2. Data set two (DS2)

2.2.1. Sampling
The survey was part of a large scale study aiming to recruit parti-

cipants to a number of interventions for increased cycling and walking
in everyday life.

In late August 2018, 40,000 members of the Norwegian Automobile
Federation (NAF), whose membership base covers 10% of the
Norwegian population, were contacted by email and invited to take
part in a web survey. The sample was a random selection of members
living in the cities of Oslo, Bergen, Trondheim and Stavanger (Fyhri
et al., 2017).

In addition, participants were recruited from an advertisement on
Facebook, and from other registers of willing participants available.

In total 7355 participants responded to the survey. The response
rate cannot be directly calculated since the total sample is not known,
but for the NAF sample it was 11% (4421 participants).

As a follow up to the baseline survey, respondents who had agreed
to be contacted again received an invitation to respond to a second
survey in October 2018, some six weeks after the baseline survey. Of
the 3514 participants who were invited, 1642 responded.

2.2.2. Survey items
We measured bicycle use in three ways. The first was about how

often they used a bicycle for transport purposes (More than four days/

week; two to four days/week; one day/week; one to three days per
month; less often; never).

The second was about how often they used a bicycle for recreation
purposes (More than four days/week; two to four days/week; one day/
week; one to three days per month; less often; never).

The third question was part of a questionnaire section about weekly
cycling activity. First respondents were asked to report which of the
days of last week they cycled a trip of more than 10min duration. They
were then presented with a list of the days they had reported, and
asked: “How many minutes and how many kilometers did you bicycle
in total on these days?”. Respondents could choose to answer both or
just one of these questions. Only the data about kilometres cycled were
used in the analyses presented in the following.

Respondents registered what kind of bike they used the most
(Mountain bike; Classical (retro) bike; “Hybrid bike” (city bike); Racer
bike; Shared bike; E-bike; Electric cargo bike; Other).

In the baseline survey accident involvement was recorded with the
question “Have you had an accident with a bicycle in 20172 ? With
accident we mean crashing, running of the road or falling over, and
resulting in damage either to yourself or to the bicycle”.

In the follow up survey accident involvement was recorded with the
question “Have you had an accident with a bicycle in 2018. With ac-
cident we mean crashing, running of the road or falling over, and re-
sulting in damage either to yourself or to the bicycle”. In addition, re-
spondents were asked if they had seen a doctor due the accident. All
participants who had a bicycle were asked for how long they had used
it.

2.3. Data set three (DS3)

2.3.1. Sampling
Data set three was a study carried out in 2018 among a random

population sample covering all of Norway, functioning as a baseline
study of a coming campaign for improved road safety (focussing on
distractions when walking and cycling in traffic).

In June 2018 23,700 holders of drivers licenses, were contacted by
postal mail and invited to take part in a web survey. Participants were
randomly selected from the national registry of drivers licences in
Norway.

In total 4170 participants responded to the survey, giving a response
rate of 17.6%

2.3.2. Survey items
Bicycle use was measured with the question: “Approximately, how

far (in kilometers) did you ride your bike in the past week, i.e. in the
past seven days?” Respondents were to distinguish between cycling in
traffic and off-road cycling.

Accident involvement was recorded with the question “Have you
had one or more accidents with a bicycle in the last five years? With
accident we mean crashing, running of the road or falling over, and
resulting in damage either to yourself or to the bicycle” (Yes, No). They
were then asked “In which year did the last accident happen?
(2014–2016; 2017; 2018).

Bicycle type, accident severity (injury) and experience with the bi-
cycle was measured in the same way as in DS2. The participants who
had been involved in an accident were asked if they had changed their
amount of cycling because of the accident (Yes, permanently; Yes,
temporarily; No).

2.4. Data preparation & analysis

In DS1, respondents in the follow-up were matched with the first
data collection using a unique ID. For those respondents who had

1 Those who had been in a collision (N=110) were asked a range of questions
about the other part and the cause of the crash, but these data are not analysed
here. 2 This was a typographical error in the survey, it should have been «2018».
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responded to the follow-up questionnaire (N=390), we recoded the
variable “bicycle type” according to what bicycle they reported to have
used in the accident.

The variables cycling frequency (transport/recreation) was recoded
so that higher numbers indicated higher cycling frequency.

For analyses of factors related to e-bike accidents, we use the data
from the 390 participants reporting an accident in DS1. These data, and
the data regarding injury involvement where analysed using simple chi-
square statistics, since the N was too low to run logistic regression
models.

For the logistic regression analyses, we hold data from 4230 parti-
cipants from DS1, 1945 participants from DS2, and 1577 participants
from DS3. To study the interaction between bicycle type, age and
gender we first included the interaction term between gender and bi-
cycle type in the model for both genders. We then ran separate models
for males and for females where the interaction term between age and
bicycle type was included. We only analysed accidents having occurred
in the current year, i.e. the period from January to the time of inter-
view. Further details about these analyses are presented in Section 3.2.

We initially tested logistic regression models with dummy variables
for each data set, and these analyses indicated that the accident risk
differed in each of the surveys. However, the overall patterns remained
the same. For reasons of clarity, and because the number of accidents in
each study is quite low we have not included dummy variables for each
data sets as explanatory variables in the models.

The data were analyzed using SPSS Statistics 24.

3. Results

3.1. Demographics and accident counts

The main categorical variables included in the study, are presented
in Table 1.

The main part of our respondents are between 35 and 54 years old.
The participants who mainly use e-bikes are on average two years older
than those who use other bikes. There is also a clear gender difference,
where more women use e-bikes. The descriptive analysis also indicates
that a larger share of those who mainly use e-bikes experience acci-
dents, at least in the current and previous year.

In DS3 the mean cycling distance is half that which is observed in
the other data sets, and the share of e-bikes is also lower. It should be
noted that this DS3 is from a national sample, including rural areas, as
compared to the DS1 and DS2 that are from urban areas. Also, the
categories of cycling contexts, for measuring distance, differed some-
what from the other two samples.

3.2. Logistic regression, all accidents

To test if e-bikes have an elevated risk for accidents above that of
conventional bicycles, we conducted a stepwise binary logistic

regression analysis with been involved in an accident (in the current year)
as dependent variable.

We used data from all data sets. At step one, independent variables
included in the model were age, gender, bicycle type (e-bike vs conven-
tional bike) and total number of kilometres cycled per week3 . At step two
the interaction term between gender and using an e-bike was included.
The results of this logit model is shown in Table 2.

Age (young people have higher risk), gender (females have lower
risk) and amount of cycling (kilometres per week) all predict accident
involvement. At step one having an e-bike significantly increases the
likelihood of an accident. When the interaction term between e-bike
and gender is introduced at step two, there is no effect of e-bike use
alone, but the interaction term is statistically significant, indicating that
female e-bike riders have a higher risk than females on conventional
bicycles, and higher risk than men.

To investigate deeper into the interaction effect by bicycle type, age
and gender on accident risk, we ran separate analyses for males and
females. We conducted binary logistic regressions with been involved in
an accident (in the current year) as dependent variable.

We used data from all data sets. The results of these two logit
models are shown in Table 7. For the interaction term between age and
using an e-bike we recoded age into a binary variable (over/under 50
years).

To test if the observed increased risk for females on e-bikes could be
explained by the fact that the bicycle was new and unfamiliar, we in-
cluded the variable length of use. Note that not all participants were
asked this question, hence the total N for this analysis is lower than in
Table 2.

In the model for males, age and amount of cycling (kilometres per
week) predict if cyclists are involved in accidents. E-bike and the in-
teraction term between e-bike and age is not significant. Among men
young age increases the likelihood of accidents.

For females e-bike and distance are both significant. Age and the
interaction term between e-bike and age is not significant. The model
can be interpreted such that females who cycle longer distances and
who use an e-bike are more likely to be involved in accidents.

For both male and female cyclists, distance cycled and length of use
show significant relationships with accident involvement. Longer cy-
cling distances increase the likelihood of an accident, and the newer the
bicycle is, the more likely it is to be involved in an accident.

3.3. Injuries

To investigate if e-bikes are involved in more serious accidents than
conventional bicycles, we compare the ratio of injury accidents to non-
injury accidents for different groups.

We used data from all three data sets. Of the 296 participants who
had been involved in an accident during the last year, there were 46
participants who reported they had consulted a doctor as a result of the
accident. These were coded as being injured from an accident. The
number of cases is too low to run a logistic regression, so we resolved to
analyse the relationship using Chi-square statistics.

Table 4 summarises the results from the crosstabs, and shows the
share of accident-involved participants who were injured in the dif-
ferent groups.

In general, there is a higher proportion of men who are injured as a
result of the accident. There is no total difference between e-bikes and
conventional bicycles (both have an injury to accident ratio of 16%).
However, there is an interaction between bicycle type and gender, so
that a higher share of men are injured on a conventional bike than an e-
bike, and a higher share of women are injured on an e-bike than a
conventional bike. Chi square tests show that none of these differences
are statistically significant. The gender difference for e-bikes is not

Table 1
Descriptive statistics for variables in the three data sets and in the total sample.

DataSet Bike type Total

1 2 3 Conventional E-bike

E-bike (%) 21 22 9 19
Age (mean) 47.6 46.9 50.8 47.7 49.7 48.0
Female (%) 45 36 45 40 54 43
Distance cycled/week (km) 55.4 54.5 24.2a 48.0 52.4 48.8
Accident. this year (%) 4 7b 2 5 6 5
Accident. previous year (%) 9 11 3 7 9 8
N 4230 1945 1577 6301 1451 7752

a Limited to cycling in traffic.
b Reported in the follow up survey in October. N=1642. 3 For DS3 this was measured as total distance cycled in traffic
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statistically significant, whereas for conventional bicycles it is, X2(1,
N= 229)=3.41, p < .05.

Some of the participants in our study (N=109) were asked if the
accident resulted in them cycling less than they used to before the ac-
cident. Five percent said that they permanently had reduced their
amount of cycling, 23 percent said that they temporarily had reduced
their cycling, and the remaining 72 percent had not changed their
amount of cycling. There was a slight tendency for women to reduce
their cycling to a larger degree, but this tendency was not statistically
significant.

3.4. Manoeuvrability

To closer investigate the causes of accidents, we use data from the
follow up survey in DS1. Table 5 summarizes answers to questions
about the cause of accident, distributed by bike type.

The only notable differences in accident causes between bicycle
types, are in braking hard (higher among conventional bicycles) and
losing balance (higher among e-bikes). The difference between bike
types in accidents relating to losing balance is not statistically sig-
nificant, using chi square statistics.

Table 6 summarises the results of gender*e-bike crosstabs for losing
balance.

Overall, there is no difference between men and women in the share
of accidents that are caused by losing balance. Men are more likely to
have balance related accidents on conventional bicycles and women are
more likely to have balance related accidents on e-bikes. This indicates
an interaction effect between bicycle type and gender. However, none
of these differences are statistically significant, using chi square statis-
tics, which is quite explainable given that there are only 18 balance
related accidents in total.

3.5. Speed as a cause of accidents

As e-bikes are equipped with an electric motor to help with accel-
eration, it could be assumed that some differences in accidents are re-
lated to speed. Thus, the motor assistant may also cause a greater need
for timely braking. Answers to questions regarding these issues are
presented in Table 7.

There are no clear trends in the answers to these questions. If
anything, more users of conventional bicycles attribute the accident to
high speed, but the difference is not statistically significant. We also
tested if there was an interaction between gender and bicycle type on
this question, but found no effect– female e-bike users did not report
more speed related accidents than females on conventional bicycles.

4. Discussion

The results from the different analyses are not uniform, but they
show some common outcomes. We find an overall increased risk of
accidents associated with e-bikes in the analyses of all accidents. Just

like in previous studies we find that males have a higher accident risk
on bicycles than females (Bjørnskau and Ingebrigtsen, 2015; Fyhri
et al., 2010). However, we do find that females, when riding an e-bike,
have a higher risk for accidents than when riding a conventional bike
(Tables 2 and 3). Some, but not all, of this elevated risk can be attrib-
uted to being unfamiliar with the bicycle (Table 3). E-bikes are not
more likely to cause serious accidents than conventional bicycles
(Table 4).

The finding that e-bikes do have a general higher risk than con-
ventional bicycles (Table 2) is somewhat at odds with previous results
(see e.g. Schepers et al., 2018), but it should be noted that the risk
increase we find is not very strong, and disappears when controlling for
gender*bicycle type interaction (Tables 2 and 3).

As has been shown previously, e-bikes run at a higher average speed
than conventional bicycles, particularly among women (Flügel et al.,
2017; Johansson and Fyhri, 2018). Moreover, women are more at risk
on e-bikes than on conventional bicycles. Hence, the increased speed
may be an important risk factor behind the higher risk of women on e-
bikes. An increased speed should imply an increased risk. For motor
vehicles the relationship between speed and accident risk is well
documented (Elvik, 2013). For bicycles this relationship between speed
and risk has also been assumed, even though there exists surprisingly
little empirical evidence using objective data to back it up (Schleinitz
et al., 2017).

E-bikes have the ability to accelerate faster than conventional bikes,
which could be a factor contributing to explain the elevated risk for
females we have found. The study by Twisk et al. (2017) looking at age
and gender differences in phase two (acceleration) of riding a bike
found a non-significant tendency that elder women benefitted more in
terms of improved balance from the e-bike than other groups. Our data
are not particularly suitable for examining this. However, we did ask
the respondents to specify the most probable causes of the accident and
there was no general difference between the answers between riders on
e-bikes and conventional bikes about acceleration being an accident
cause (Table 7). We did not find any gender difference in the response
to the question about acceleration as cause of accidents.

Apart from higher speeds among women on e-bikes, are there other
risk factors that may contribute to their elevated risk? One candidate
could be difficulties in handling and manoeuvring e-bikes due to their

Table 2
Logistic regression model with been involved in accident as dependent variable
(n=6661). Number of accidents= 267. Odds ratios (Exp (B)).

Step 1 Step 2

Gender (male= 0; female= 1) 0.77* 0.64**

Age (in years) 0.99* 0.99*

Distance cycled/week (km) 1.01*** 1.01***

Bicycle type (conventional= 0; e-bike= 1) 1.40* 0.45
Gender*E-bike 2.14*

Nagelkerke R2 0.026 0.029

* p< .05.
** p< .01.
*** p< .001.

Table 3
Logistic regression models with being involved in accident as dependent vari-
able. Separate models for males (n=1599) and females (N=1179). Odds
ratios (Exp(B)).

Male Female

Age (in years) 0.98** 1.01
Distance cycled/week (km) 1.01*** 1.01***

Bicycle type (conventional= 0; e-bike=1) 0.67 2.36*

Age 50+ * E-bike 1.45 0.51
Length of use 0.86** 0.80***

Nagelkerke R2 0.075 0.105

* p< .05.
** p< .01.
*** p< .001.

Table 4
Summary of crosstab results. Share of accidents that resulted in injury for male
and female cyclists, with conventional bicycle and e-bike. N=296.

Male Female

E-bike Conventional bike E-bike Conventional bike

Injury 12.0 19.2 14.4 9.6
No injury 88.0 80.8 85.7 90.4
Total 100 100 100 100
N 25 156 42 73
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greater weight.
Our data, and previous results (Haustein and Møller, 2016;

Kovácsová et al., 2016; Niska and Wenäll, 2017; Schepers et al., 2014;
Twisk et al., 2017), are not conclusive in terms of handling difficulty
(Table 5). It could be argued that the accident risk for females could
stem from the heavy weight of the e-bike and that women on average
are weaker than men. We found a non-significant tendency for women
having to have more handling problems with e-bikes than males
(Table 6). This corresponds with the non-significant tendency for an
interaction with bicycle type, gender and age in the mounting phase
(elder women having more mounting problems with e-bikes than other
groups) that was found by Twisk et al. (2017). But such accidents are
quite rare, and happen at low speeds, so it is not very likely that this is a
major cause for gender differences in risk.

Being inexperienced in traffic is a well-known risk factor for car
drivers and PTW riders (Bjørnskau et al., 2012; Bjørnskau and Sagberg,
2005). It seems that e-bikes attract more novel users to cycling (Fyhri
et al., 2017), and that these novel users to a larger extent are females. E-
bike users more often attribute the accident to themselves being in-
experienced cyclists (Johansson and Fyhri, 2018). Our study supports
such a “novel-user effect”, since familiarity with the bicycle is a strong
predictor of accidents, both for conventional and e-bikes (Table 3). This
being said, the gender effect is only reduced, not entirely removed,
when this variable is included in the regression model. It should be
noted that we could only include the variable “familiarity with the
bicycle” (due to lacking data) in our regression model, and not the more
general question about experience as a cyclist. These two questions
capture slightly different aspects of novelty, and should ideally both be
included in a regression model. Future studies should aim to ask about
general cycling experience among cyclists, and to compare accident-
involved cyclists with all cyclists on this matter.

The gender risk-effect may be illuminated by looking at three of the
studies carried out in the Netherlands from a time series perspective. In
the first large scale Dutch study about this (Fietsberaad, 2013), the
same risk difference between men and women was found. In the second
study from the Netherlands, there was a risk difference between e-bikes
and conventional bicycles (Schepers et al., 2014). In the third study, no
risk difference was found (Schepers et al., 2018). One likely explanation
for this difference in results is that it derives from methodological dif-
ferences. Another more substantial explanation is that e-bikes do in fact
change their risk profile over time.

It could be that when e-bikes are new to the market the novel users
are typically females. After a while, this gender difference in appeal
becomes less pronounced, and the “novel-user effect” is equally dis-
tributed among males and females. It could also be that e-bike users just
become more experienced, and that the novel-user effect is dissipated.

This study, as previous studies, clearly show the gender appeal of e-
bikes. On conventional bicycles, the males in our sample covers more
than twice as many kilometres as the females. On e-bikes females covers
slightly more kilometres than the men.

As opposed to in the first Dutch study (Fietsberaad, 2013), we found
no interaction effect with age and e-bikes for women. If anything, our
data points to the opposite, that the elevated risks for females was (not
significantly) more associated with young females. It is hard to tell why
this difference occurs, but it might be related to the difference in the
(early) e-bike market in the Netherlands and in Norway, where Dutch e-
bike users to a larger extent were reported to be of an older age
(Fietsberaad, 2013) than what we see in Norway (Fyhri and Sundfør,
2014).

The study gives an important contribution to a further under-
standing of whether e-bikes are a public health hazard or not. It is the
largest study until now that attempts at measuring accident risk for e-
bike users and comparing it with the accident risk of users of conven-
tional bicycles. Most previous studies on this topic have looked at injury
risk (the ratio of injuries to accidents), or have not had any valid
measure of exposure, thus not being able to say anything about risk, but
only about accident frequencies.

A strength of our study is that we have a relatively large sample of
participants, and quite specific data about exposure to risk (cycling
kilometres last week) for these. We also have included data about po-
tential confounding factors for the users, such as gender, age and ex-
perience with the bicycle. To our knowledge, this is the first large scale
study that shows that experience with the bicycle can explain accident
risk. This has been made possible by combining data from different
surveys. The slight differences in survey methods in these surveys
(sampling and framing of questions) is a potential challenge, but our
initial tests indicated that the trends in our data was the same in all data
sets.

One important limitation of the data is that we use self-reported
accident data, as opposed to official hospital data. Hence, the inter-
pretation of what is an “accident” is to a certain extent up to the in-
dividual respondents. We tried to limit this effect by providing a defi-
nition (“With accident we mean crashing, running of the road or falling
over, and resulting in damage either to yourself or to the bicycle”). Still
we cannot rule out this as a source for bias. If respondents system-
atically differ in how serious an incident should be before they report it,
this would pose a threat to the validity of our results. If, for instance
females are more likely to report a situation as an accident than men,
this would result in a higher risk for females. By also looking at acci-
dents where the respondent has had to see a doctor, some of this po-
tential bias is accounted for. Even if injury accidents were too few to
provide reliable estimates, the pattern that was found for all accidents
was confirmed (Table 4).

The sampling strategy was different for all three data sets. DS1 used
a registry of bicycle owners, DS2 used members of a car-owner’s asso-
ciation alongside a Facebook recruitment, and DS3 a general population
sample. The study is not intended to be representative of the whole

Table 5
Participants reported cause of accidents, distributed by bike type. Percent.
N=237.

Other bike (N=178) E-bike (N=59)

Braked too hard 18.0 15.3
Went off road/Hit object 10.7 10.2
Fell over (Hit tram-line, sidewalk,

hole)
61.8 61.1

Object into wheel 1.7 1.7
Problem with the pedal 1.1 1.7
Lost balance 6.8 10.2

Table 6
Summary of crosstab results. Share of accidents that was caused from losing
balance for male and female cyclists, with conventional bicycle and e-bike.
Percent, N=237.

Male Female
E-bike Conventional bike E-bike Conventional bike

Balance related 5.00 8.00 12.80 4.50
Other cause 95.00 92.00 87.20 95.50
Total 100 100 100 100
N 20 112 39 66

Table 7
Responses to the questions about cause of the accident, on a scale from 1
(strongly disagree) to 5 (strongly agree). Means, N=389.

Conventional bicycle E-bike

Did not brake fast enough 1.73 1.66
Cycled to fast 2.05 1.62
Accelerated too fast 1.24 1.24
N 301 88
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population, since the aim is to look for relative differences in accident
risk. The bike owner’s registry used in DS1 has a quite low membership
fee (30 Euros for 3 years) and it covers a wide range of bicycle types,
from the cheapest to the most expensive. With approximately 250.000
members it covers approximately 5% of all households in Norway. The
database has existed since 1993 (long before the advent of e-bikes in
Norway), and hence most of the members are not e-bike owners. The
car owner’s association used in DS2 contains predominantly car owners.
Still, this is not a requirement for being a member, since household
membership is quite common. A previous study recruiting from NAF,
found that 12 percent cycled on the day of interview, compared to the
official figure of 9 percent obtained from the national travel survey
(Fyhri et al., 2017). As can be seen (Table 1), the samples in DS1 and
DS2 have quite similar background characteristics. DS3 which was a
general population sample had the lowest accident involvement and the
lowest average cycling. It is important to note that this DS3 also con-
sisted of rural areas, whereas DS1 and DS2 where only from urban
areas, which might explain some of this difference.

The response rate is not known for the Facebook sample. For the
other samples it was fairly low, in the region of 10 to 20%. As already
mentioned some of the differences between the data sets, most likely
stems from differences in the original samples. Even if there were dif-
ferences in response rates, this should not pose any substantial threat to
the results above that of the differences from the original samples. The
generalizability of results is open for discussion. It is quite likely that the
share of cycling, and the share of participants having had an accident,
in our study is higher than what would have been found in the general
population. It is not likely that having a more representative sample
would have affected the results, other than that it would have required
a very large sample to obtain enough accidents to reach sufficient sta-
tistical power.

We have only used accidents occurring in the current year as out-
come variables. We have information about accidents occurring in
preceding years as well, and have tested regression models with these.
However, such models are difficult to substantially interpret, since we
do not know for certain that the data about cycling kilometres and type
of bicycle used is correctly accounted for (people are prone more to
forget or misrepresent what happened one year ago). Especially in this
case, where we are studying a phenomenon that is growing every year,
e-bike use, this might lead to strong biases in the results. There were
some variations in how the accident time frame was displayed. In DS1
and DS2 participants were asked to consider if they had been in an
accident in the current year, or in a previous year, straight away. In DS3
participants were first asked if they had been in an accident in the last
five years, and then in the follow-up question to specify which year.
This slight variation should not have any practical implication for the
results, since we in all instances were able to select out accidents having
occurred during the current year.

Still, a limitation of our analysis is that we cannot fully control for
the causal relationship between exposure and outcome (crash). The
possibility that people who have been involved in an accident might
reduce their cycling, and hence have a lower reported number of
kilometres post-accident than they had pre-accident might lead to an
elevated risk estimate. If this tendency is equally distributed among
different groups, this is not a challenge to our results, since we are
looking at relative differences. If it is not, it might bias the risk esti-
mates. In other words, if women are more prone to be scared away from
cycling by an accident than males, this will have the result that female
accident victims will systematically report a lower exposure than their
male counterparts, which again will artificially inflate females’ relative
risk. The same would hold for e-bike users vs. conventional bike users.
As we showed, there was a slight tendency for women to reduce their
cycling more than men following from an accident, but this was not
significant. Future studies should include information about pre-acci-
dent exposure to better deal with this potential bias.

The generalizability of the results is not known. The main reason for

this is that the study is performed in Norway where cycling modal share
is relatively low, and where the e-bike market has increased rapidly in
the last few years. Importantly, Norway follows the EU EPAC regula-
tions (capping the top speed at 25 km/h). The share of illegal e-bikes,
not adhering to this regulation is not known, but is assumed to be of
minor importance to the total picture. Speed-PEDELCS (with top speeds
of 45 km/h, and specific regulations) are legal, but are still a very minor
part of the e-bike market. Similar results can be expected in countries
with similar characteristics, most notably with the same formal reg-
ulation (and enforcement of such regulations) about e-bikes.

5. Conclusion

The main aim of this study was to investigate if e-bikes have a
higher risk than conventional bicycles. The following conclusions can
be drawn from our data:

• The overall accident risk for e-bikes is somewhat higher than that of
conventional bicycles, but only for female cyclists

• Males have a higher accident risk on bicycles than females

• E-bike users are just as likely to see a doctor after an accident as
conventional bicycle users

• Being unfamiliar with your bicycle increases accident risk

• E-bike accident victims are more likely to be unfamiliar with their
bicycle, which might explain some of the elevated risk for females
since females seems to be a large part of the novel user group

• E-bikes are more often involved in balance-related accidents which
might explain some of the elevated risk for females (even if these are
rare, and the difference is not significant)

E-bikes have been around for many years. Some countries have al-
ready experienced their dramatic influx, and have become used to their
presence. Some countries are in the middle of this change, and some
have yet to experience it. E-bikes tend to bring cycling to new groups
wherever they are introduced, and have strong impacts on travel be-
haviour. The study gives important new contributions to the on-going
debate about policies to meet these changes. Some cities (such as New
York City) have at present banned them.

Our results indicate that E-bikes (following the EU EPAC regulative
or any other regulative that caps their max speed at normal cycling
speeds) are not dangerous in themselves. True enough, we find an
elevated risk for female e-bike users. This result is hard to explain with
any known theory about risk factors in traffic, except that of the in-
fluence of inexperience on accident involvement. In other words, the
risk involved is most likely associated with their strong appeal to new
user groups. Promoting e-bikes is therefore not more dangerous than
any other policy aimed to attract new people to cycling, such as cam-
paigns and fiscal incentives, with the only difference that e-bikes ac-
tually are effective at achieving these goals.
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