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Abstract: Although it is generally accepted that innovators and early adopters have a particular
influence on the uptake of electric bikes, other groups, whose reactions to innovation have not been
studied, are perhaps wrongly marginalised. Such individuals, often relying on stereotypes, also
need to be included in researchers’ scope of interest. Therefore, the aim of the CAWI survey was to
determine the attitudes of respondents, both users and non-users of electric bikes, and on this basis
to classify by k-means analysis the attitudes towards the e-bike compared to the traditional bicycle
and the car. The results obtained show a large variation between the designated classes. What most
of them have in common is a strong attachment to the private car, which is typical for the cycling
culture of this part of Europe, but the psycho-physical characteristics of the surveyed remain the
strongest differentiating factor. Therefore, in the light of the opinions collected, it seems that the
group Gadget lovers 1 and 2, whose share was about one-quarter of the total number surveyed,
may be the most inclined to change their transport behaviour. This means that the e-bike, as an
innovation, can overcome a critical discontinuity stage on the innovation diffusion curve in the
Innovation Adaptation Lifecycle (IAL).

Keywords: e-bike; bicycle; cycling culture; cyclist typology; Poland

1. Introduction

In view of the increasing presence of electric bicycles on European roads, many
questions arise about their impact on the future shape of mobility. The hopes attached
to the beneficial effects of e-bikes seem justified, but it is worth basing them on rational
premises and reinforcing them with effective actions built on well-informed strategies.
Why, then, is it worth paying so much attention to e-bicycles? We can name several reasons.
Firstly, as Bucher et al. [1] and Fishman and Cherry [2] show, electric bicycles are one of the
most environmentally friendly means of transport. However, their role in the transition to
low-carbon mobility is, according to Rérat [3], underestimated in debates on e-mobility;,
which tend to be monopolised by e-cars [4]. In addition, electric bicycles can play a special
role in increasing the participation in cycling of those who have so far not used a bicycle at
all [3,5]. A user group of particular interest in this context may comprise those who will
benefit from increased travel range [6—10] or overcome their mobility limitations, which
is particularly important for older people [7,11-13]. However, it is crucial here to make
the public aware that contrary to some opinions [10], this type of transport brings not
only environmental [14,15], but also health [16,17], benefits. These arguments could be
very important as electric bikes have a real chance to replace car travel, as has already
been documented in research [18,19]. This is particularly relevant in countries with an
underdeveloped cycling culture [20] and a low level of cycling policy, such as Poland [21].

E-bike use depends on many factors such as wealth, age, health status [3,8], the
propensity to reach for innovative solutions [22-27], opportunity understood as free access,
resulting from the possibility of using one’s own or borrowed bicycle, environmental
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conditions (such as the climate of a given place), terrain [28], the presence of cycling
infrastructure (from cycle routes through service stations to safe parking places), and
similar features broadly understood as socio-economic and environmental conditions and
urban morphology [29-31]. These factors operate at different intensities depending on
the area or the respondents themselves [32-34]. The results of the research tackling the
influence that different determinants exert on the perception of e-bikes are certainly very
practical, especially at the micro-scale, for making specific spatial decisions. However, the
aim of the conducted research was not to search for e-bike users or to establish influence
on them, but to make a general diagnosis on the attitudes towards e-biking in Poland. The
groups of respondents classified on this basis were analysed in terms of their susceptibility
to adopt innovations, which is key to the e-bike research. This approach is related to the
adopted theoretical perspective set by the Innovation Adaptation Lifecycle (IAL).

The framework of this concept locates the e-bike as an innovation that is in the initial
phase of the product life cycle. The results of the survey showed that the percentage of
respondents who used this product did not exceed 8% of the total number of respondents.
Thus, this group can, according to the widely accepted concept of Moore [35], be categorised
as innovators and early adopters.

As many researchers have pointed out, the success of innovation is very much deter-
mined by the knowledge regarding users because, as [36] rightly pointed out, the diffusion
of consumer products is a social process, as already described by Everett Rogers in his clas-
sic 1962 work “Diffusions of innovations” [37]. He also paid special attention to innovators
and early adopters [37] because, in his opinion, through them, it is possible to change the
existing cultural and semantic context surrounding a new product or technology. Many
other publications have also paid attention to the category of early adopters [22-27,38,39].
In the context of e-bikes, Seebauer [23] wrote about early adopters, noting the heterogeneity
of actors in the diffusion process: those who are opinion leaders and those who display
varying degrees of susceptibility to innovation. In his research, he devoted attention to the
first group, but opened up the field for broader research with his insights. From this per-
spective, the authors see a research gap in the lack of research taking into account not only
the category of innovators and early adopters, but also others, i.e., potential users. Learning
about them provides an opportunity to understand the background of the stereotypes
constructed, which may be responsible for facilitating or hindering the diffusion of inno-
vation. A deeply manifested dislike of certain solutions can affect the opinions of others,
especially since the perception of the e-bike in the study area is determined by stereotypes
for more than 90% of the respondents. They are guided by such thought patterns because
they do not have their own experience in using e-bikes. Thus, functioning perceptions
based on unverified information become key elements in determining people’s opinions.
Their shape may vary as it depends on the individual characteristics of respondents, but
on a general scale, it is influenced by the broader spatial context [34,40—43].

The authors, therefore, considered two elements to be the experience determining the
attitudes towards the e-bike in Poland: (1) previous contact with and use of the e-bike, and
(2) the impact of the place of residence, understood in terms of the influence of cycling
culture—differing between countries with different socio-economic situations, mobility
traditions, etc.

The adopted perspective imposes the shape of the conducted narration as to its content,
which is also reflected in the formal arrangement of the paper. It starts with the description
of a broader background to the problem under study outlined in the section reviewing
relevant perspectives reported in the current literature. Further on, it describes necessary
explanations of the analytical methods used to classify the attitudes of the respondents into
users and non-users of electric bikes. The results collected open the field for discussion. It
refers to the conceptual framework set by the IAL as well as to the findings reported in
the literature, which take into account, among other things, the geographical context. The
deliberations end with conclusions with a suggestion for the implementation of the results
obtained.
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2. Literature Background

Although the main problem posed here is laying the groundwork for the successful
implementation of the innovation that the e-bike represents, as Rérat [3] rightly notes,
the growing popularity of the e-bike, its cohabitation with the mechanical bicycle, and its
replacement of the car are key elements in the transition to low-carbon mobility. Research is
also certainly needed on the similarities and differences between e-bikes and conventional
cycling in relation to the perceived role of the private car. All the more so as there has
been little research on this issue to date, particularly in central and eastern Europe, and the
cultural context seems particularly important here.

Cycling culture in Poland comes down to perceiving the bicycle mainly as a tool of
recreation. The preferred means of transport is the passenger car (the passenger car was a
marker of higher social status for years, and the difficulty of acquiring one until the 1990s
caused by low supply on the market placed it in the category of particularly desirable
luxury goods). However, the way the bicycle is used varies due to different perceptions of
the bicycle in western Europe [3], North America [44], and China [45], where the popularity
of e-bikes has increased significantly in recent years [46—48]. The results of studies carried
out so far confirm that cycling culture in the world is diverse, which confirms the relevance
of the geographical aspect adopted in our study. The transport function of the bicycle is
much more often realised in rural areas, where it was often perceived as a necessity in
view of the need to cover longer distances in the absence or significantly reduced range
of public transport and the lack of a car. At present, the significant popularisation and
availability of cheap second-hand cars have largely reduced the need for cycling (except
for selected social groups, such as elderly women). The car is not regarded as an indicator
of social status to such an extent as before, but the convenience it provides is still desired.
The bicycle, in this view, is rated much lower (it provides less comfort), and therefore it is
assigned a different role. In this context, on the one hand, it can be regarded as a certain
symbol:

“As an efficient means of locomotion, it is still more frequently used in the countryside
than in the city, but it is among the bustling streets, intersections, and pavements that it
gains a special status and becomes a sign of choice of a certain lifestyle that belongs to the
urban aesthetics and culture.” [49]

The bicycle is also assigned a recreational function, increasingly popular in the face of
the promotion of healthy lifestyles. However, this has some serious implications for the
perception of e-bikes. As shown in publications, e-biking can be beneficial for health and
fitness, providing a way for couples to exercise and cycle together (bridging differences
resulting from different physical conditions) [50], and can also supply moderate-intensity
physical activity [16]. Nevertheless, e-bikes are rated very low in this scope, and their cer-
tain features may be perceived negatively. As pointed out by some researchers [4,6,50,51],
the e-bike carries a kind of social stigma, being associated with the elderly or with the
idea that using electric assistance is ‘cheating’ rather than “proper cycling’, which discour-
ages many traditional bicycle users from reaching for the electric equivalent over longer
distances. The evaluation of e-bike use is further complicated by its perception as an innova-
tive or technophilic mode of transport [24], which, on the one hand, may help to overcome
the social pressure of the car, but on the other hand may be interpreted as a manifestation
of a fad not worth paying attention to. The multitude of attitudes and opinions concerning
the use of e-bikes confirms the need, also indicated by other researchers, to organise the
knowledge on the topic. In the development of the e-cycling form of mobility, a very
important but often overlooked issue is the adaptation of cycling infrastructure to both
traditional and electrically assisted bicycles. In the context of the needs and capabilities
of e-bikes, it is particularly important to create a network of cycleways convenient for
covering longer distances at higher speeds and avoiding collisions and interactions with
other road users [52]. Joining in the scientific discussion on how to successfully transition
to low-carbon mobility, we, like many other researchers, believe that one of the measures
could be the replacement of the private car by bicycle transport. It is therefore desirable
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that traditional bicycles continue to disseminate, but electric bicycles can play a greater
role, especially in the realisation of the transport function. We consider it more competitive
with the car as it allows you to cover more distance with little effort. We, therefore, want
to know what role is attributed to electric bicycles and what constraints on the use of this
mode of transport are indicated by both those who have had contact with it and those who
have not. Going further, we would like to examine how the opinions of the surveyed vary,
whether it is possible to identify certain groups among them, what priorities in mobility
behaviour these groups are guided by, and what is their judgement regarding e-bikes.
Finally, we aim to verify whether the experience of using e-bikes is the only factor that
influences the respondents’ opinions, or whether there are other elements, such as cycling
culture, geographical specifics, or individual characteristics. This will allow us to provide
guidelines for preparing an information campaign, e.g., as to who should be its target
audience in the first place (as it would give a better chance to change the recipients’ habits).
Such measures will ultimately make it possible to determine what the real chances are of
effectively reducing car traffic.

3. Research Methods

The problem tackled in this article determined the methods used by the authors. A
survey technique was used in order to investigate the perception of the electric bicycle
in comparison with the traditional bicycle and the passenger car. It took the form of a
computer-assisted web interview (CAWI). This technique allows the researcher to generate
an electronic version of the survey and the respondent to take part in the study at their
convenience by clicking on a link. Moreover, CAWI also offers additional possibilities,
such as the use of an extended range of functionalities, precise instructions, greater clarity
of questions, or finally, greater flexibility in the conduct of the survey itself [53-55]. As a
result, already in the mid-2010s, more than one-third of all social surveys in Poland were
conducted using this technique [56].

In the case of this original nationwide social survey, the questionnaire was designed,
and then the survey itself was conducted using the LimeSurvey online platform. An im-
portant rationale for abandoning the traditional PAPI (pencil and paper interview) survey
technique was the pandemic context. The survey itself was conducted in May 2021. Thus,
for the safety of both researchers and respondents, face-to-face contact was abandoned.
The prepared questionnaire in electronic form was placed in the form of a link on local
government websites. The survey mainly comprised of closed questions, which allowed
for greater standardisation of the data and comparability of the results obtained. It was
conducted in May 2021 and included 456 respondents. The selection of the sample was
non-random and dictated largely by its availability (cf. [57]). However, it was assumed
that such a sample size was sufficient for careful inference and generalisation of the results
obtained. The raw data collected were coded and validated in the PS Imago 27 program,
which also served to prepare statistical comparisons. An important limitation of the study
was the low percentage of people who used electric bikes. However, the sample attempted
to reflect the distribution of the variable in the population. Nevertheless, obtaining a higher
number of indications from respondents using electric bikes would allow for a wider
analysis of their perception and perceived benefits, which could have a significant impact
on recommendations related to encouraging people who have never used this form of
transport.

The study sample was predominantly female at 65.1%, while the remaining 34.9%
were men. The survey itself was designed to include people with different demographic
and social characteristics. Thus, for example, the age range of respondents was 18 to
72 years. Taking into account the size of the settlement unit, 55.9% of respondents declared
that they came from a big city with over 100,000 inhabitants, 15.1% from a medium-sized
city (20,000-100,000 inhabitants), 11.8% from a small town (<20,000 inhabitants), 2% from
a suburban area, and 15.1% from a village. The majority of respondents described their
material situation as good (59.2%) or average (28.9%). Key to the study, however, was
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to find people who used an electric bike. Their share in the total sample was 7.9%. The
opinions of e-bike users were contrasted in the empirical part with the opinions of people
who had never used this means of transport.

The adopted axis of division of the respondents was reflected in the proposed clas-
sification of attitudes and social behaviour concerning the electric bicycle against the
traditional bicycle and the car. Statistica 13 was employed for classification purposes. In
this context, two separate classifications were constructed, one including only respondents
who had used an electric bicycle, the other including respondents who had not yet had
contact with one. The k-means method was used to prepare both classifications on the
assumption that individual characteristics are insufficient to infer relationships between
variables. Furthermore, they may be subject to error due to the randomness of the data
collected. The k-means method belongs to a group of methods in multivariate statistics
in which homogeneous subsets of objects are extracted from the studied whole [58]. Im-
portantly, the procedure of separating similar subsets—clusters—is not a simple statistical
test. Rather, it is a collection of different algorithms that allow objects to be grouped into
clusters. In k-means analysis, two objects are assumed to be more similar, the smaller the
distance between them. The transition from a similarity function to a distance function
and vice versa is implemented by simple mathematical transformations. As a result, we
combine two objects into a single cluster if they lie close to each other yet far from other
clusters [59,60].

The k-means analysis yielded two classifications. The first one, as mentioned, included
only people who had ridden an electric bicycle before. Two clusters were distinguished
here, reflecting similar attitudes and behaviours. The second classification, which includes
people not previously using an electric bicycle, was divided into three clusters. Grouping
with the k-means method is an iterative procedure (cf. [61]). In each subsequent iteration,
objects are moved to other clusters in order to achieve the correct solution in which objects
are classified in the correct groups. In the data matrix introduced in the analysis, the
solution for the first classification was found in the third iteration, while two iterations
were necessary for the second classification. The k-means procedure using Euclidean
distance was carried out according to the formula:

N N
__'p q
dij_ N] dip+7Nj diq
where:
e 2
d(xy)=4| Y_(x1—y;)
i+1

where x = (xq, ..., Xp):
y=(1,.--yphp=123,...,n
In both cases, 44 variables were considered, as some of the key questions for the study

offered multiple choice. The list of questions and variables are listed in the Table 1.
All questions were standardised according to the following formula:

Xj —X

Zi =
Sx

where:

X—arithmetic mean
s—standard deviation.
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Table 1. List of questions and variables employed in the study.

No. Basic Question

Variables (Options of the Basic Question)

What do you think a traditional
1. bicycle and an electric bicycle
are used for?

x1—What do you think a traditional bicycle and an electric bicycle are used for?
(1—least, 5—most). Means of transport. Traditional bicycle;

xp—What do you think a traditional bicycle and an electric bicycle are used for?
(1—least, 5—most). Means of transport. Electric bicycle;

x3—What do you think a traditional bicycle and an electric bicycle are used for?
(1—least, 5—most). Recreation. Traditional bicycle;

x4—What do you think a traditional bicycle and an electric bicycle are used for?
(1—least, 5—most). Recreation. Electric bicycle;

xs—What do you think a traditional bicycle and an electric bicycle are used for?
(1—least, 5—most). Health and fitness. Traditional bicycle;

xg—What do you think a traditional bicycle and an electric bicycle are used for?
(1—least, 5—most). Health and fitness. Electric bicycle;

Assuming you have access to
both a traditional bicycle and an
2. e-bike, please indicate which
one you would use in each
situation?

x7—Assuming you have access to both a traditional bicycle and an e-bike, please
indicate which one you would use in each situation? Shopping (+1 electric bicycle,
0—none, —1 traditional bicycle);

xg—Assuming you have access to both a traditional bicycle and an e-bike, please
indicate which one you would use in each situation? Commuting to work/school (+1
electric bicycle, 0—none, —1 traditional bicycle);

x9—Assuming you have access to both a traditional bicycle and an e-bike, please
indicate which one you would use in each situation? A trip out of town (+1 electric
bicycle, 0—none, —1 traditional bicycle);

x10—Assuming you have access to both a traditional bicycle and an e-bike, please
indicate which one you would use in each situation? Visiting friends/family (+1 electric
bicycle, 0—none, —1 traditional bicycle);

x11—Assuming you have access to both a traditional bicycle and an e-bike, please
indicate which one you would use in each situation? Trip to the allotment (+1 electric
bicycle, 0—none, —1 traditional bicycle);

x1p—Assuming you have access to both a traditional bicycle and an e-bike, please
indicate which one you would use in each situation? Running errands (e.g., doctor,
office, etc.) (+1 electric bicycle, 0—none, —1 traditional bicycle);

Please rate the following means
of transport in the aspects
indicated (1—not suitable,

5—Dbest suitable).

x13—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Commuting to work and school, shopping. Traditional
bicycle;

x14—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Commuting to work and school, shopping. Electric bicycle;
x15—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—best suitable). Commuting to work and school, shopping. Car;
x16—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Recreation. Traditional bicycle;

x17—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Recreation. Electric bicycle;

x13—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Recreation. Car;

x19—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Health and fitness. Traditional bicycle;

xp0—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Health and fitness. Electric bicycle;

xp1—Please rate the following means of transport in the aspects indicated (1—not
suitable, 5—Dbest suitable). Health and fitness. Car;
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Table 1. Cont.

Basic Question

Variables (Options of the Basic Question)

Which of the options listed
below best fits the
characteristics indicated?

xpp—Which of the options listed below best fits the characteristics indicated: it is
suitable for everyone (1—yes, 0—no);

xp3—Which of the options listed below best fits the characteristics indicated: it is
especially useful for the elderly (1—yes, 0—no);

xp4—Which of the options listed below best fits the characteristics indicated: it can
travel long distances (1—yes, 0—no);

xp5—Which of the options listed below best fits the characteristics indicated: it is useful
when the terrain is not flat (1—yes, 0—no);

xp6—Which of the options listed below best fits the characteristics indicated: it is trendy
(1—yes, 0—no);

xp7—Which of the options listed below best fits the characteristics indicated: it gives
more pleasure from riding it (1—yes, 0—no);

xp8—Which of the options listed below best fits the characteristics indicated: it is safer
(1—yes, 0—no);

xp9—Which of the options listed below best fits the characteristics indicated: it is
expensive (1—yes, 0—no);

x30—Which of the options listed below best fits the characteristics indicated: it is more
suitable for everyday use (1—yes, 0—no);

x31—Which of the options listed below best fits the characteristics indicated: it is more
practical (1—yes, 0—no);

x3p—Which of the options listed below best fits the characteristics indicated: for
villagers (1—yes, 0—no);

x33—Which of the options listed below best fits the characteristics indicated: for city
dwellers (1—yes, 0—no);

x34—Which of the options listed below best fits the characteristics indicated: it is
ecological (1—yes, 0—no);

x35—Which of the options listed below best fits the characteristics indicated: I would
prefer to have (1—yes, 0—no);

Please tick the statements with
which you agree.

x36—Please tick the statements with which you agree: the fashion for electric bikes is
temporary and will soon pass (1—yes, 0—no);

xzy—Please tick the statements with which you agree: I tend to use my car a lot, even for
short distances (1—yes, 0—no);

xzg—Please tick the statements with which you agree: electric bikes should be available
in bike hire schemes (1—yes, 0—no);

xzg—Please tick the statements with which you agree: a bike is good for a trip, but a car
is better for everyday life (1—yes, 0—no);

xgo—Please tick the statements with which you agree: I would be happy to reduce my
car use and replace it with a traditional bike (1—yes, 0—no);

x41—Please tick the statements with which you agree: I would be happy to reduce my
car use and replace it with an electric bike (1—yes, 0—no);

x4p—Please tick the statements with which you agree: A car is an indicator of higher
material status (1—yes, 0—no);

x43—Please tick the statements with which you agree: the electric bicycle is an indicator
of higher material status (1—yes, 0—no);

x44—Please tick the statements with which you agree: the electric bike is better than the
traditional bike (1—yes, 0—no).

Source: Own elaboration.

Data were standardised to eliminate the influence of the different measurement scales
by which they were collated. This procedure also allowed for a better comparison of the
variables, which was not without influence on the final result of the classification [62,63]
(cf. Figure 1).
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*designing a standarised questionnaire survey in LimeSurvey program

J

~

conducting a nation-wide survey in the CAWI technique (Computer Assisted Web
Interview)

~

*coding and validating data collected, statistical analyses and comparisons in the PS
Imago 27 program

J

*providing two independent classifications of social attitudes and behaviours of
users (2 clusters) and non-users (3 clusters) of e-bikes on the basis of 44 variables
by the use of the k-means method in Statistica 13

J

Figure 1. Outline of the research methodology. Source: own elaboration.

4. Research Results: Classification of Attitudes and Behaviours among Users and

Non-Users of Electric Bicycles

Two classifications of attitudes and behaviours towards the e-bike versus the tradi-
tional bicycle and the car are proposed to present the obtained results and to indicate

regularities (see Figure 2).

Attitude
A

Gadget lovers 2 Gadget lovers 1

Cautious

explorers

Adoption < > Adoptio

Opponents Open

traditionalists

v
Attitude

Figure 2. Types of e-bike users and non-users. Source: own elaboration on the basis of the questionnaire survey.
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4.1. Users of Electric Bicycles

The first classification only included people who had used electric bikes before (Figure 3).
Within this group, two clusters (subgroups) reflecting different attitudes and behaviours
were identified. They were equal in size and included 3.9% of the respondents each. In
terms of socio-demographic characteristics, this group was relatively young (1 = —0.68),
had a good opinion of their material situation (i = 0.45), and declared a high level of edu-
cation (the vast majority were people with university and secondary education). Moreover,
almost 60% of all respondents were male, mainly from urban areas (1 = 0.19).

Gadget lovers 1. The first cluster was represented by respondents who were strong
supporters of the electric bike for recreational purposes (1 = 0.64), moderate supporters
for health and fitness (i = 0.37), and minimal supporters of the electric bike as a means of
transport (= 0.10. Assuming equal access to electric and traditional bikes, respondents
assigned to this cluster preferred to use electric bikes in particular when visiting family
and friends (n = 0.71), going for a trip out of town (u = 0.44), or going to the allotment
(1 = 0.37). Interestingly, if they had equal access to both bikes, they would also choose to
use the electric bike to commute to work (p = 0.60), and slightly less often to go shopping
(1= 0.30), or to run errands such as the doctor’s or an office (i = 0.12). However, it is worth
noting that they rated the car highest as a means of transport (i1 = 0.44) and the electric
bicycle for recreation and health and fitness purposes (1 = 0.41 and p = 0.27, respectively).
They concurred that the electric bike was expensive (i = 1.0), but at the same time trendy
(1 =0.70), more fun to ride (1 = 0.66), and they would therefore prefer to own one (n = 0.70).
They saw electric bikes as dedicated to both urban (i = 0.57) and rural dwellers (i = 0.50),
probably because in their opinion they were more practical (i = 0.50), suitable for everyday
use (p = 0.50), and could cover long distances (i = 0.44) and reliefs (i1 = 0.44). They also
believed that e-bikes were more environmentally friendly than traditional bikes (i = 0.30),
but not particularly suitable for the elderly (1= —0.44). In general, this group saw the
e-bike as a kind of gadget, emphasising that the fashion for e-bikes was temporary and
would soon pass (1 = 0.70); however, they deemed the e-bike an important marker of
material status (n = 0.57), and therefore they strongly preferred it to a traditional bike
(1 = 0.57). That said, they tended to use a car on a daily basis, even for short distances
(n=0.44).

Open traditionalists. In contrast to the first group of e-bike users characterised above,
the second group rated the traditional bicycle as most important for recreation and health
and fitness purposes (1 = 0.65 and p = 1.00, respectively), and the e-bike as having some
importance for transport purposes (1 = 0.17). Assuming equal access to both bikes, they
would choose the traditional bicycle to go to work and school (1 = —0.72), but also for
recreational purposes (including a trip out of town (u = —0.80), visiting friends and family
(u = —0.85), or going to the allotment (un = —0.62)). In general, they rated both bikes
very high for transport purposes (traditional bike 0.54 and electric bike p = 0.41), while
rating the car low (u = —0.62). The traditional bicycle was the only mode of transport
that received very high or high ratings for recreational and health and fitness purposes
(1 =0.53 and p = 0.30, respectively). The cluster considered electric bikes to be expensive
(1 =1.00) and recommended primarily for older people (1 = 0.44). On the other hand, the
traditional bicycle was seen as giving more riding pleasure (u = —0.99), trendy (u = —0.98),
better for everyday use (n = —0.83), especially for city-dwellers (1 = —0.80), practical
for longer distances (n = —0.62), and therefore this group preferred it over the electric
bicycle (u = —0.98). What was particularly surprising was that they did not think that
the fashion for e-bikes was temporary (u = —0.98), nor perceive e-bikes as an indicator
of higher material status (1 = —0.57). They quite rarely used the car for short distances
(1= —0.44). This group, on the basis of their attitudes and declared behaviour, treated the
electric bicycle as one of the possible means of transport, especially in the city, at the same
time trying to reduce the use of the car as much as possible by utilising the traditional
bicycle and treating it as a lifestyle and conscious choice.
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Figure 3. Mean values of clusters for the classification of users of electric bicycles. Explanation as in Table 1. Source: own elaboration on the basis of the questionnaire survey.
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4.2. Non-Users of Electric Bicycles

The second classification analysed the declarations of people who had never used
an electric bike before (Figure 4). This group stood out among respondents by the high
proportion of women (almost 2/3). Moreover, the respondents classified here declared a
lower-than-average level of education (a lower percentage of respondents with secondary
and higher education and a higher percentage with basic vocational and primary education)
and income (i = —0.33). In contrast to the group of people who had previously used e-bikes,
they were also older (i = 0.41) and had a wider age range. They were slightly more likely
than e-bike users to declare a rural origin (u = —0.23). Three clusters (subgroups) were
identified here.

Opponents. The representatives of the first group, who accounted for 42.1% of all
respondents, were strong opponents of electric bikes, despite the fact that they had never
used one. When comparing the preferences of this group regarding traditional and electric
bikes, they ranked electric bikes low as a means of transport (1 = —0.28), and very low
as a tool for recreation (i = —0.70), and health and fitness (1 = —0.59). Assuming equal
access to both types of bicycles, they would opt for the traditional bicycle both for trips
to work, school (1 = —0.13), for shopping (1 = —0.33), for errands such as doctors, offices
(= —0.31), or for recreational trips to the allotment (1 = —0.39), to visit friends (1 = —0.26),
or for trips out of town (u = —0.26). When evaluating modes of transport, they consistently
rated the electric bicycle very negatively, while assessing the traditional bicycle and the
car positively, but the latter only as a means of transport (1 = 0.26). They agreed that the
traditional bike had more advantages, as it was better for everyday use (i = —0.30), suitable
for everyone (n = —0.25): both the urban (n = —0.33) and rural population (u = —0.24),
safer (n = —0.27), and above all, trendy (1 = —0.39). If they were to reduce their use of the
car, it would only be by replacing it with the traditional bicycle (1 = 0.11), because in their
opinion, the electric bicycle was not an indicator of higher material status (u = —0.29), and
the fashion for the bicycle was temporary and would soon pass (1 = 0.17).

Cautious explorers. The second group included respondents (28.3%) who showed a
strong interest in electric bikes, but only in a recreational (i = 0.81) and health and fitness
context (1 = 0.97). Assuming equal access to an electric and a traditional bicycle, they
would opt for an electric bicycle when riding for recreational purposes to the allotment
(1 = 0.43) or for a trip out of town (1 = 0.31). For work, school (1 = —0.25), shopping
(1 = —0.15), and errands such as the doctor or the office (u = —0.22), they would rather
use a traditional bike. When rating transport modes, they ranked the electric bicycle very
high in the recreational (1 = 0.83) and health and fitness (1 = 0.90) contexts, while in the
transport context, they tended to prefer the traditional bicycle (1 = 0.26), and very rarely the
car (u = —0.33). Interestingly, they assessed the car quite positively as a tool for recreation
(1 = 0.28) and health and fitness (1 = 0.29). This group is quite poorly profiled regarding
identification with both traditional and electric bikes. Nevertheless, when it comes to
indicating which bike is suitable for everyone (1 = —0.34), for everyday use (1 = —0.27),
and is more practical (u = —0.25), they were inclined to point to the traditional one. For
them, the electric bicycle was an indicator of higher material status (u = 0.23), but they
would rather reduce their use of the car as a means of transport by replacing it with a
traditional bicycle (1 = 0.24).
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Gadget lovers 2. The third group (21.7% of all respondents) expressed interest in the
electric bicycle as a means of transport (i = 0.38) and partly as a recreational tool (1 = 0.31).
Assuming equal access to both types of bicycles, they would certainly choose an e-bike for
running errands such as the office or the doctor (i = 0.89), shopping (it = 0.84), commuting
to work or school (i = 0.58), and even for visiting friends and family (1 = 0.48), or slightly
less frequently for going to the allotment (i1 = 0.20), or for a trip out of town (u = 0.11).
At the same time, they rated the traditional bicycle very low as a means of transport
(1 = —0.83), with the car rated highest in this respect (1 = 0.16). However, they recognised
a number of advantages of the electric bike, including the fact that it was suitable for
everyone (1 = 0.94), for everyday use (i = 0.92), more practical (i = 0.89), especially for
city-dwellers (n = 0.71), and also safer (iu = 0.51), and therefore trendy (1 = 0.48), so they
would prefer it greatly to the traditional bike (1 = 0.60). This cluster tended to use the car
even for short distances (i = 0.45). In addition, they considered the car (i = 0.43), but also
partly the electric bicycle (i = 0.27), to be indicators of higher material status. Therefore,
if they were to reduce car use, it would only be in favour of e-bikes (i = 0.72). They also
postulated that electric bikes should be available in rental schemes (i = 0.53).

5. Discussion

The early identification of innovators and early adopters is considered fundamental
when developing marketing strategies [64]. This is certainly a legitimate approach towards
choosing routes to market expansion, especially with an awareness of the risk described
by Moore in his work ‘Crossing the chasm’ [35] as a discontinuity in the diffusion of the
innovation curve. The e-bike in Poland considered from the perspective of the IAL is,
according to our research, approaching the biggest discontinuity, according to Moore [35].
A well-chosen strategy for bridging the gap in attracting innovation recipients from the
successive groups of the early and late majority seems to be crucial for the success of the
implementation of eco-mobile solutions, in this case, related to e-bikes.

The present study indicates that it may be important to identify not only the attitudes
and behaviours of those using the innovation but also those who may benefit from it in
the future. Their varying degrees of susceptibility to the new product open up a very
interesting area for discussion on the need to monitor the opinions of this section of the
public as well. Their views, as we know, are based on stereotypes that show variability
over time [65]. That is why it is so important to know the different motives that shape
them, and in particular, the motives of the group of determined opponents, especially as it
represents as much as 42.1% of the total number of respondents.

Moreover, the survey revealed that the respondents were quite unfamiliar with electric
bicycles, which partly underpinned the negative perception of electric bikes. The need
to promote electric bicycles as a means of transport that is particularly beneficial to cities
and their inhabitants was therefore once again demonstrated. This is a demand that
has also appeared in earlier publications [10,24,25,66,67]. However, the results obtained
from this study allowed us to outline the differences between the opinions about electric
bicycles in different groups of respondents. In effect, it was possible to delineate two
groups comprising a total of five subgroups of respondents characterised by different
attitudes towards electric bikes. This aimed to describe types of people with different
characteristics and attitudes towards this mode of transport. At this stage, this yielded a
better understanding of the stated attitudes, and in subsequent stages, it will help better
target measures related to raising awareness of the benefits of this mode of transport.
Furthermore, as pointed out by Felix et al. [68], the breakdown by group allowed for
better identification of the needs of individual respondents, which is not negligible in
the context of promoting this solution. Previous studies have also shown that differences
in perceptions of cycling, in general, may be rooted both geographically (due to cycling
culture) [69] and in the psycho-physical characteristics of respondents [70].

No typology related to e-bikes has been developed in the published works so far,
either in a narrower dimension, i.e., the group of e-bike users, or in a broader dimension of
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the whole population. The literature has introduced typologies of cyclists into the scientific
discussion, based on different contexts and characteristics of the people studied. One of
the most widely discussed is the classification of Geller [71], also analysed in the works of
Dill and McNeal [72], Dill and McNeal [73], and Cabral and Kim [74], referring to attitudes
towards cycling among Portland respondents. Another typology was proposed by Damant-
Sirois et al., 2014 [75], referring to cyclists” attitudes in the context of cycling conditions. In
turn, Francke et al. [76] applied their typology to the safety levels of infrastructure. There
are also typologies relating to bicycle-sharing system use [77] as well as bicycle use in
multimodal transport [78]. As part of our study, we verified the similarities between our
delineated respondent types and three typologies frequently cited in the literature—those
of Geller [71], Damant-Sirois et al. [75], and Francke et al. [76]. In putting together the
characteristics of the different groups, we kept in mind that only to a certain extent can
they correspond to the typologies set out in earlier studies (cf. Table 2).

Table 2. Proposed typology against the background of other classifications.

Typology Proposed in the Author(s) Geller [71] Damant-Sirois et al. [75] Francke et al. [76]
Research Year 2006 2014 2019
Gadget lovers Strong and the Feal.rless, Dedicated cyclists Ambitious cyclist
Enthused and Confident
USERS

.. . Interested but . . . .
Open traditionalists Concerned Path-using cyclists Passionate cyclist
Gadget lovers Enthused and Confident  Fair weather utilitarians Pragmatic cyclist

. Interested but . . . .
NON USERS Cautious explorers Concerned Leisure cyclists Functional cyclist

Opponents No way. No how - -

Source: own elaboration on the basis of literature in the field.

Comparing the characteristics attributed to the first group of Users (people who
have used electric bikes), the Gadget Lovers subgroup had the greatest convergence of
characteristics with the groups that, according to Geller [71], are most oriented towards
cycling—Strong and Fearless, and Enthused and Confident. This is mainly due to their con-
viction that the bicycle should be used as the main means of transport. For the same reasons,
this subgroup also shows similar characteristics to the Dedicated cyclists group designated
by Damant-Sirois et al. [75] and the Ambitious cyclists group of Francke et al. [76], due
to their high level of commitment to participate in this transport type. As in Geller’s
typology [71], our subgroup is not the largest one. The subgroup of Open Traditionalists
shares traits with Geller’s [71] Interested but Concerned because of the low participation of
these people in daily cycling. We also find similarities with the Path-using cyclists group of
Damant-Sirois et al. [75] because of the wider use of cycling—also for sport and recreation.

In the Non-users group, i.e., people who have not used electric bikes, Gadget Lovers
are similar in characteristics to Geller’s [71] Enthused and Confident. Parallels can also be
seen with Fairweather utilitarians of Damant-Sirois et al. [75] because of the convenience-
dependent approach to cycling for transport and the postulated need to encourage cycling.
The Cautious Explorers subgroup is characterised by similar characteristics to Geller’s [71]
Interested but Concerned group. This subgroup also shows similarities to the Leisure
cyclists proposed by Damant-Sirois et al. [75], for whom electric bikes primarily have a
recreational potential. A similarity to the subgroup of Functional cyclists identified by
Francke et al. [76] is also apparent here, as indicated by the lower motivation for frequent
cycling among these individuals. The Opponents subgroup, due to its negative attitude
towards electric bikes, can be likened to the No Way. No How subgroup in Geller’s
typology [71]. At the same time, it should be stressed here that not all classifications in the
literature included people who do not use bicycles.
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The similarity of the classifications shows that with greater generalisation, regardless
of the context (including spatial context), we are dealing with similar groups of opinions
about cycling. This is particularly relevant in view of the questions posed about the
shape of geographically and culturally determined attitudes. Although it is not possible
to unequivocally equate the groups for which typologies have been drawn, it seems to
be noteworthy to look for commonalities and similarities. This has its own important
implications if we are to better understand on what the respondents representing each
group base their opinions. An attempt to compare converging features shown in various
studies will allow us to describe those groups better, which in turn will help target cycling
measures more precisely. The groups described above represent very different attitudes
towards e-bikes. Mobility behaviour also differs between the groups, which to a large
extent, determines their attitudes towards transport modes. The strong attachment to the
private car is deeply rooted in the transport culture typical of central and eastern European
countries, which have entered the phase of egalitarian private cars relatively recently. This
means that for part of the population, the car is still an indicator of higher material status.
This is certainly a factor hindering the transition to low-carbon mobility, but it does not
preclude the changes that are taking place, especially as transport culture can be shaped by
an additional element, i.e., the level of environmental awareness. Assuming progress in
this area, it can be inferred that susceptibility to responsible choices will increase, also in
the area of individual mobility.

However, the above-mentioned geographical context related to cycling culture is not
the one that influences the judgements and attitudes to the greatest extent. The psycho-
physical characteristics of individuals seem to be the ones primarily responsible for the
perceived differences. They even seem to influence the ratings more than the experience of
using an e-bike or lack thereof. For instance, Opponents and Cautious explorers (Non-users)
see more of the negative features of e-bikes, similar to Open traditionalists (Users) (Table 3).
Gadget lovers 1 from the Users group perceive e-bikes in a very similar way to Gadget
lovers 2 from the Non-users category. The experience of using this mode of transport has
not fully convinced Open traditionalists who strongly prefer traditional bicycles, as do
the Cautious explorers from the Non-users group. All the groups mentioned recognise,
to a varying extent, e-bike applications (Table 4). Gadget lovers 1 and 2 prefer the electric
bicycle over the traditional bicycle, whether for commuting, shopping, or leisure trips.
Open traditionalists (Users) and Cautious explorers (Non-users) prefer to use a regular
bicycle as a means of transport (commuting), and e-bikes when going shopping, to the
allotment, or for a trip. Only the Opponents group, unfortunately quite numerous (42.1%
of all respondents), seems to be uninterested in this means of transport altogether—they
do not see any positive features, in transport nor recreational applications.

When looking into which of the identified groups could be most inclined to change
their mobility behaviour, it seems that according to their declarations, Gadget lovers 1 and
2 are most willing to reduce the use of the car and replace it with an electric bike (Table 5).
Of course, this is only a declaration that should be confirmed or refuted in a further study,
because what is worrying in the case of the above-mentioned groups is the very frequent
use of the car, even for short distances, and the very high rating of the car, both as a means
of transport and a recreational tool.

The other groups do not declare a willingness to make such a switch, especially as
they primarily see the use for e-bikes in leisure situations in which the use of the car is
limited anyway. They associate commuting to work or school, going shopping, or running
errands with the car. Perhaps Open traditionalists and Cautious explorers should be
further informed of e-bike transport applications. This should be possible since these
groups do not exclude the use of e-bikes, and their attitude towards these vehicles is not
absolutely negative. The image of the electric bicycle should be improved there, and a shift
in emphasis from recreational to transport applications should be made.
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Table 3. Opinions and evaluations on electric bicycles among all types of users and non-users.

+ (Advantages)

— (Disadvantages)

Users

1. Gadget lovers 1 (3.95%)

It is trendy +++

It gives more pleasure from riding it +++

They prefer to have it +++
It is more practical +++

It is more suitable for everyday use +++

It is more ecological ++

It is expensive ———
It is not useful for the elderly ——

2. Open traditionalists (3.95%)

It is especially useful for the elderly ++

It is expensive ———

It does not give more pleasure from riding it ———
It is not trendy ———

It is not suitable for everyday use ———

They do not prefer to have it ———

Non-users

3. Opponents (42.1%)

None

It is not suitable for everyday use ——

It is not suitable for everyone —

It is less safe —

It is not trendy ——

It is not an indicator of material status —

The fashion for electric bikes is temporary and will
soon pass —

4. Cautious explorers (28.3%)

It is an indicator of material status +

It is not suitable for everyone ——
It is less practical —
It is not suitable for everyday use —

5. Gadget lovers 2 (21.7%)

It is suitable for everyone +++

It is suitable for everyday use +++
It is more practical +++

For city dwellers +++

It is safer +++

It is trendy ++

They prefer to have it +++

None

Source: Own elaboration on the basis of the questionnaire survey.

Table 4. The use of the traditional and electric bicycle among all proposed types.

Electric Bicycle Traditional Bicycle

Users

1. Gadget lovers 1 (3.95%)

Commuting to work/school +++
Shopping ++
Running errands (e.g., doctor, office, etc.) +
Trip to the allotment ++
Visiting friends/family +++
A trip out of town ++
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Table 4. Cont.

Electric Bicycle Traditional Bicycle

Users

2. Open traditionalists (3.95%)

Commuting to work/school +++
Shopping ++
Running errands (e.g., doctor, office, etc.) +
Trip to the allotment +++
Visiting friends/family +++
A trip out of town +++
Non-users
3. Opponents (42.1%)
Commuting to work/school +
Shopping ++
Running errands (e.g., doctor, office, etc.) ++
Trip to the allotment ++
Visiting friends/family +
A trip out of town +
4. Cautious explorers (28.3%)
Commuting to work/school +
Shopping +
Running errands (e.g., doctor, office, etc.) +
Trip to the allotment ++
Visiting friends/family +
A trip out of town ++
5. Gadget lovers 2 (21.7%)
Commuting to work/school +++
Shopping +++
Running errands (e.g., doctor, office, etc.) +++
Trip to the allotment +
Visiting friends/family ++
A trip out of town +
Source: Own elaboration on the basis of the questionnaire survey.
Table 5. Opinions on the car among users and non-users of e-bikes.
Car I Tend to Use My A Bike Is Good for I Would Be Happy to A CarIs an
As aMeans  As a Tool of Car a Lot, Even a Trip, Buta Car Is Reduce My Car‘Use and 'Indicator of'
. for Short Better for Everyday Replace It with an Higher Material
of Transport Recreation Distances Life Electric Bike Status
Users
Gadget lovers 1 ++ ++ ++ * ++ *
Open o L L L L +
traditionalists
Non-Users
Opponents + - - + - -
Cautious
explorers o * B o - B
Gadget lovers 2 + + ++ + +++ ++

Explanation: * No relation. Source: own elaboration on the basis of the questionnaire survey.
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6. Conclusions

Summarising the obtained results, it should be stressed once more that the comparison
of the typology set out in this paper with other existing classifications shows a structure of
attitudes towards e-bikes similar to those related to the use of traditional bikes shown, e.g.,
in the typology of Geller [71]. This is an important observation, indicating once again that
the differences between traditional and electric bikes, especially in terms of the advantage of
the latter, are still unknown to the public. Similarly, as in the case of traditional bicycle use,
there is a smaller, highly committed group participating in e-bicycle transport and a much
more numerous group of people unconvinced about this form of transport. If, following the
results of the research published to date, e.g., by [2,3,5,7,8,10], we assume that electric bikes
could, through their technological advantages over traditional bikes, increase the share of
cycling in general; the results obtained in our study indicate that this is possible, but in
specific user groups. In terms of our research, these will certainly be the Gadget lovers 1 and
2 (both users and non-users) groups, and to a slightly lesser extent, Cautious explorers and
Open traditionalists. Opponents, on the other hand, will require dedicated promotional
and educational activities aimed at overcoming their existing attitudes towards e-bikes.
However, it seems that these measures will be of great importance, not only for changing
the perception of the electric bicycle, or for changing mobility patterns, but predominantly
for shaping the whole cycling culture in Poland.
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