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Background: Learning to cycle is an important milestone for children, but the popularity

of cycling and the environmental factors that promote the development and practice of

this foundational movement skill vary among cultures and across time. This present study

aimed to investigate if country of residence and the generation in which a person was

born influence the age at which people learn to cycle.

Methods: Data were collected through an online survey between November 2019

and December 2020. For this study, a total of 9,589 responses were obtained for

adults (self-report) and children (parental report) living in 10 countries (Portugal, Italy,

Brazil, Finland, Spain, Belgium, United Kingdom, Mexico, Croatia, and the Netherlands).

Participants were grouped according to their year of birth with 20-year periods

approximately corresponding to 3 generations: 1960–79 (generation X; n = 2,214);

1980–99 (generation Y; n = 3,994); 2000–2019 (generation Z; n = 3,381).

Results: A two-way ANOVA showed a significant effect of country, F (9,8628)

= 90.17, p < 0.001, η
2
p = 0.086, and generation, F (2,8628) = 47.21, p <

0.001, η
2
p = 0.122, on the age at which individuals learn to cycle. Countries

with the lowest learning age were the Netherlands, Finland and Belgium and

countries with the highest learning age were Brazil and Mexico. Furthermore,

the age at which one learns to cycle has decreased across generations. There

was also a significant country x generation interaction effect on learning age,

F (18,8628) = 2.90, p < 0.001; however, this effect was negligible (η2p = 0.006).
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Conclusions: These findings support the socio-ecological perspective that learning to

cycle is a process affected by both proximal and distal influences, including individual,

environment and time.

Keywords: cycling, country, generation, active travel, children

INTRODUCTION

Learning to cycle is an important milestone in childhood that
has important implications for future life (1, 2). Across many
cultures, the use of bicycles is the first personal active traveling
behavior for children to extend their territorial scope, ranging
from home to school and other meaningful places (3–6). Being
able to cycle extends children’s possibilities to actively play
outdoors and increases their autonomy, allowing for independent
travel at longer distances and higher speeds than walking (7).
Cycling is considered to be a foundational movement skill, since
it impacts an individual’s capability to be physically active and
can promote physical activity and health across the lifespan (8).
Moreover, cycling is associated with extensive health, economic
and environmental benefits (9, 10). In some contemporary cities,
as people start valuing sustainability and believing that the car’s
liabilities outweigh its benefits, the bicycle has emerged as an
alternative to the car, mainly for commuting (11, 12). Cycling
as a means to actively commute, has several positive health
implications such as enhancement of cardiorespiratory fitness
(13). Additionally, bicycles are a non-polluting (or low-polluting
in the case of electric bicycles), highly energy-efficient mode
of active and sustainable transport. As such, cycling can be
considered central to different sustainable development goals
outlined by the United Nations, including promoting healthy
lives and well-being for all and making cities and communities
inclusive, safe, resilient and sustainable (14).

Although the benefits of cycling are highly recognized,
the popularity of cycling among people, as well as the
status of cycling in transport infrastructure and policy, have
varied across time and cultures (15–18). This has potentially
influenced the importance placed on learning to cycle in different
countries across different generations. The influence of time
and culture in the process of learning to cycle can be framed
by Bronfenbrenner’s bioecological theory (19). This theory
states that development occurs through an evolving process of
reciprocal interactions between the person andmultidimensional
levels of the environment. Specifically, Bronfenbrenner’s Process-
Person-Context-Time (PPCT) model can be used to theoretically
describe the process of learning to cycle. Learning to cycle can be
seen as a proximal process that is dependent on the reciprocal
interaction between the person and the environment, which
occurs on a fairly regular basis over an extended period of time
(19, 20). From this perspective, the individuals who teach the
child to cycle as well as the bicycle itself are important elements
of the immediate environment with which the child interacts
regularly during the learning process.

According to the PPCTmodel, the process of learning to cycle
will also be influenced by the personal characteristics of the child

who is learning (e.g., age, skill level ormotivation). Each child will
learn at a different pace. This individual learning process is also
impacted by the child’s environment, involving four interrelated
systems, from proximal to distal: (a) the microsystem, (b)
the mesosystem, (c) the exosystem and (d) the macrosystem.
The microsystem refers to the environments where face-to-face
interactions occur, such as the child’s home, school, or peer group.
If people in these microsystems (e.g., parent/caregiver) value
cycling and offer the child opportunities to regularly practice
cycling, the learning process is enhanced (21). The mesosystem
refers to the interactions between different microsystems (e.g.,
family- and peer relationships). The exosystem refers to the
contexts that have an indirect influence on a child’s development,
even though the child is not an active participant in these contexts
(e.g., parents’ work context). Finally, the macrosystem refers to
the social and cultural context in which the child is immersed,
with its set of values and traditions. If, in a given culture, cycling
is valued and bicycle-friendly infrastructures (e.g., bike lanes, safe
paths) allowing children to cycle safely are available, it is expected
that more children will use their bicycles to travel to school or
to hang out with friends than when those conditions are not
present (22). The final concept of the PPCTmodel is time. Time is
related to the chronosystem, which consists of the socio-historical
context the child lives in, as well as the changes that occur over
the child’s life course. For example, the importance given to
cycling and active transportation has changed across different
generations (15, 23) as well as the type of bicycles available for
learning (15, 24). Even within the same generation, the average
age at which children are given their first bicycle could vary and
this will influence the learning process (19, 20).

The social, cultural and geographic influence on the
development of foundational movement skills is also considered
in the lifelong physical activity model proposed by Hulteen
et al. (8). The authors suggest that foundational movement skills,
such as cycling, should be viewed through a “socio-cultural and
geographical” filter. That is, the importance placed on learning
certain skills will vary across different cultures and geographic
locations (i.e., countries, regions). As such, cycling may be
considered a more important foundational skill in countries
where cycling is highly valued, compared to countries where a
cycling culture is less present (23, 25, 26). For instance, in the
Netherlands cycling is frequently used to commute from home
to school or work and learning to cycle is an important first step
to maintain health-enhancing physical activity habits across the
lifespan; however, in other countries (e.g., Brazil), learning how to
play soccer is culturally considered as a better way to fulfill that
purpose. Learning a foundational movement skill—a result of a
simultaneously proximal and distal process—needs to be framed
by its cultural geography. That is, where cycling is considered
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a socially valued travel mode, also enabled by bicycle–friendly
urban planning, it can help increase the perceived importance
of learning and developing such a foundational skill. As noted
by Hulteen et al. (8), these cultural constraints can influence the
timing and onset of cycling.

The adoption of Bronfenbrenner’s bioecological theory (1995)
andHulteen and colleagues’ conceptual model of physical activity
across the lifespan (2018) provides a comprehensive approach
to understanding the process that enables a child to learn to
cycle. In the present study, we focus specifically on studying
the influence of the macrosystem and the chronosystem in
the learning process. More specifically, an international online
survey was created to investigate the association of (1) the
country of residence (macrosystem), and (2) the historical time or
generation in which a person was born (chronosystem) in the age
of learning how to autonomously cycle (with pedals and without
training wheels). It was hypothesized that the age of learning how
to cycle would differ across geographical locations of residence
and generation of birth (8, 20).

METHODS

Survey
The international project L2Cycle (Learning to Cycle) aims to
assess different aspects related to the process of learning to cycle
in different countries (e.g., learning age, learning paths, type of
bicycles used, people involved in the learning process). For this
purpose, a survey was created on LimeSurvey and it was hosted
at the Faculty of Human Kinetics (University of Lisbon) server.
The survey was approved by the Faculty of Human Kinetics
ethics committee (process number 22/2019), launched online
on November 22, 2019 and publicized through social media
(Facebook, Instagram, Twitter and WhatsApp), and by email.
In addition, partnerships with cycling federations, children’s and
parents’ magazines and non-profit cycling organizations were
established in different countries for dissemination on their
websites and in paper magazines. Data for the current study were
collected between November 22, 2019 and December 2, 2020.

At a first stage, an initial version of the survey was developed
by a group of four experts in child development and was tested
online among 485 participants. A sub-sample of 30 participants
was additionally asked about the comprehension of the survey.
Adjustments were made accordingly (e.g., deleting questions
related to age of achieving certain motor milestones, and some
questions were reformulated refining questions to improve
clarity). At a second stage, the survey was discussed with a group
of five international experts who provided further suggestions
(e.g., adding questions regarding mother language and different
seasons of the year). Finally, the survey was translated into 10
different languages [Portuguese (Portugal and Brazil), English,
German, Croatian, Finnish, French, Dutch, Italian, Japanese and
Spanish], by experts on motor behavior or motor development,
and validated by country specific native speakers.

The final form of the survey took approximately 5 to 15min
to complete (depending on the number of children), could be
answered anonymously, and comprised three sections:

1. “About you”-Questions about the participant’s own cycle
experience and biographical data (e.g., place of residence, age,

sex, physical activity habits, if they know how to cycle, if not–why
not, if yes-when did they learn how to cycle, what types of bicycles
were used and in what sequence, where did they learn, who taught
them, how often do they cycle, what do they use it for).

2. “About your oldest child” (to be completed only if the
participant has at least one child)-These questions are the same
as the questions in the first group but regarding the participant’s
oldest child.

3. “About your youngest child” (to be completed only if
the participant has more than one child)-These questions are
the same as the questions in the first group but regarding the
participant’s youngest child.

Sample
A total of 10,640 responses regarding adults and children
(parental responses) living in 29 countries were completed
online. For the purpose of this study, only countries with more
than 80 responses were considered. This number was based
on a sample size calculation performed using the G ∗ Power
3.1.7 Software (Universität Düsseldorf, Germany), considering
the analysis of variance (Anova–one way), for a power of 0.8,
alpha significance level ≤ 0.05, and estimated effect size of 0.25
(minimum difference to be detected = 2.05 and estimated SD =

10). In order to analyze differences in earliest independent cycling
age across generations, participants were grouped according to
their year of birth considering 20-year periods that roughly
correspond to 3 generations: 1960–79 (generation X; n = 2,214;
1980–99 (generation Y, or the millennials; n= 3,994); 2000–2019
(generation Z; n = 3,381). Responses regarding children born in
2020 (too young to be able to ride a bicycle) or adults born before
1960 - a limited number in many countries-were not included in
this study. Descriptive data of the participants included in this
study is presented in Table 1.

Statistical Analysis
Descriptive statistics and frequency analysis were used to
characterize the final sample. For the subsequent analysis, a two-
way ANOVA was performed to investigate the effects of country
of residence (ten countries), generation (three generations), and
the interaction between country and generation, on the age at
which individuals learned to cycle independently (i.e., riding a
traditional bicycle with pedals and without training wheels). Due
to non-homogeneity of variances, unequal N HSD post hoc tests
were used to further investigate significant interaction and main
effects. The significance level was set at 0.05.

RESULTS

Learning Age Across Countries
The country of residence significantly influences the age at
which one learns how to cycle independently with pedals and
without training wheels, F(9,8628) = 90.17, p < 0.001, η

2
p =

0.086. Significant differences were found in learning age among
most countries (Figure 1). More specifically, our findings show
different “learning age-geographical” landscapes.

In the Netherlands and Finland, learning age was significantly
lower than in all other countries, except for Belgium (no
significant differences). In Belgium, learning age was significantly
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TABLE 1 | Sample distribution (n), means and standard deviations of age (years), sex distribution (%), and frequency of people who know how to ride a bicycle (%) in the

sample of study.

Country n Age (years) Sex (%) Able to cycle (%)

Total Gen X Gen Y Gen Z M (SD) Female Male No Yes

Portugal 2,386 562 828 996 26.05 (15.36) 57.4 42.6 12.5 87.5

Italy 1,585 370 714 501 27.60 (14.88) 64.7 35.3 9.0 91.0

Brazil 1,455 381 650 424 29.06 (14.91) 64.2 35.8 13.1 86.9

Finland 906 240 367 299 28.82 (16.00) 56.0 44.0 5.0 95.0

Spain 884 153 381 350 25.77 (14.77) 49.4 50.6 9.3 90.7

Belgium 703 240 223 340 24.40 (16.15) 56.8 43.2 7.8 92.2

UK 630 239 265 126 34.17 (15.03) 49.4 50.6 3.5 96.5

Mexico 552 43 318 191 23.69 (8.72) 62.4 37.6 12.1 87.9

Croatia 369 71 180 118 26.31 (14.12) 65.3 34.7 7.0 93.0

Netherlands 119 15 68 36 27.38 (13.01) 68.9 31.1 2.5 97.5

Total 9,589 2,214 3,994 3,381 27.30 (15.07) 58.9 41.1 9.7 90.3

FIGURE 1 | Mean age to learn how to cycle independently by country. Error bars represent 95% CI.

lower than in the other countries, except for the Netherlands,
Finland and Italy (no significant differences). In Italy, learning
age was significantly higher than in the Netherlands and Finland,
and significantly lower than in all other countries; it was
not significantly different than in Belgium, UK and Croatia.
In the UK, learning age was significantly higher than in the
Netherlands, Finland and Belgium, and significantly lower than
in Portugal, Brazil and Mexico, but not significantly different
than in Italy, Spain and Croatia. In Croatia, learning age
was significantly higher than in the Netherlands, Finland and
Belgium, and significantly lower than in Brazil and Mexico, but
not significantly different than in Italy, UK, Spain and Portugal.
In Spain, learning age was significantly higher than in the
Netherlands, Finland, Belgium and Italy, and significantly lower
than in Brazil and Mexico, but not significantly different than

in the UK, Croatia and Portugal. In Portugal learning age was
significantly higher than in the Netherlands, Finland, Belgium,
Italy and UK, and significantly lower than in Brazil and Mexico,
but not significantly different than in Croatia and Spain. In Brazil
and Mexico, learning age was significantly higher than in all
other countries.

Learning Age Over Generations
There was a significant main effect of generation on the age at
which a person learns to cycle, F(2,8,628) = 47.21, p < 0.001,
η
2
p = 0.122. As shown in Figure 2, the learning age was lower

in younger generations. Post hoc analysis showed there were
significant differences in learning age between all generations.
Specifically, Generation X (i.e., born in 1960–79) learned to cycle
independently at a later age compared to Generation Y (i.e.,
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FIGURE 2 | Mean age to learn how to cycle independently by generation. Error bars represent 95% CI.

born in 1980–99) (p < 0.001), as did Generation Y compared to
Generation Z (i.e., born in 2000-19) (p < 0.001).

Learning Age by Generation and Country
There was a significant generation x country interaction effect on
learning age, F(18,8,628) = 2.90, p < 0.001. Generational changes
differed slightly among countries with the decline in learning
age being less evident in countries in which the learning age has
been consistently low across generations (e.g., the Netherlands;
see Figure 3), but the interaction effect size was negligible (η2p
= 0.006). The learning age for independent cycling is generally
lower in later generations in all countries, and countries generally
maintained their rank relative to the others across time.

DISCUSSION

In the present study we confirmed the hypothesized influence
that the macrosystem and the chronosystem have on the age of
learning to cycle (20). Results indicated that age to learn how
to cycle differs across geographical locations of residence and
the generation of birth, as discussed in greater detail in the
next sections.

Learning Age in Different Countries
Based on the results of the present study, we can divide the
participating countries in three main groups according to the
age at which children learn to cycle independently: group 1 (the
Netherlands, Finland and Belgium), group 2 (Italy, UK, Croatia,
Spain and Portugal), and Group 3 (Brazil and Mexico).

These group differences suggest there are geographical, social,
cultural and political aspects underlying the status of active travel
and cycling in different countries. These aspects are linked to
spatial properties and features within the built environment,
which make the places for children to learn how to cycle more
or less inviting (27). The groups and the order of the countries
within each group in our study also seem to reflect the cycling

modal share in each country. European reports and statistics
(28, 29) indicate that within Europe, the share of cycling as
a travel mode varies between 27.0% in the Netherlands and
0.5% in Portugal. The order of the European countries in the
cycling modal share statistics is the same as in our results (except
for Croatia for which there was no information on the modal
share). The Latin American countries are also known to have
low levels of cycling modal share (26, 30). In fact, Goel et al.
(26) studied cycling behavior in 17 countries across six continents
and concluded that among the studied countries, the Netherlands
had the highest level of cycling modal share (26.8%) and Brazil
had the lowest (0.8 %) (Mexico was not included in the study).
Thus, it seems that in countries with a higher cyclingmodal share,
children tend to learn to cycle earlier than in countries where
cycling is less popular.

In group 1 (the Netherlands, Finland and Belgium), measures
for active transportation and environmental sustainability seem
to be more at the heart of political concerns than in the other
two groups, and therefore more embedded within the socio-
cultural tissue. Northern European countries seem to be leading
initiatives for transition from motorized vehicle transport to
active travel, e.g., Finland has set goals to increase cycling and
walking by 30% in 2030 (31) and to become carbon neutral by
2035 (32). Conversely, in Southern European or Latin American
countries such initiatives are only now starting to emerge, which
might explain why children in these countries learn to cycle at a
later age.

Among all participating countries in this study, Netherlands,
Finland and Belgium have the highest gross domestic product
(GDP) per capita (33). This indicates that families in these
countries may be more likely to own bicycles, which in turn
provides more opportunities for children to learn and practice
to cycle. The Global Matrix of Physical Activity Report Cards
(34, 35) show that the Netherlands and Finland perform better
on active transportation compared to other countries in the
present study. In the Netherlands, cycling has been embedded
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FIGURE 3 | Mean age to learn how to cycle independently by generation and country. Error bars represent 95% CI.

in the culture for over 100 years, having been promoted as a
decent and safe mode of transport for ’good civilians’ since early
1900 (36). Finland’s active transportation among children and
youth is ranked as the second highest compared to the other
countries in the present study. Active transportation among
children is closely linked to children’s independent mobility
(CIM), which is prominent in Finland (37). Furthermore, CIM
and active transportation are both dependent on community
and built environment (37), an issue which also separates the
Netherlands and Finland from the other countries of the present
study. Children and youth living in the Netherlands, Finland,
and Belgium share good results regarding the opportunities for
active play (34). Active play, especially if performed outdoors,
is associated with greater moderate-to-vigorous physical activity
and lower sedentary levels (38), thus contributing to the
development of a better motor competence (39). It is also worth
noting that outdoor play is common in Finnish children’s daily
life at home and in early childhood education settings (40), and
the snowy and icy winter months offer additional stimuli for
motor learning.

Belgium is the country with the highest learning age in
group 1, presenting non-significant differences with Italy (i.e.,
the first country in group 2). Belgian respondents on average
learned to cycle around the age of five. The current results,
therefore, confirm the findings of previous studies regarding
the development of cycling skills in Flemish children (i.e.,
children living in the northern region of Belgium) (41, 42).
Belgian children typically master riding a bike when progressing
from kindergarten to primary school, although some regional
differences exist.

Results found in group 2 (Italy, the UK, Croatia, Spain
and Portugal) reflect a lower level of political commitment
and investment toward active transportation, environmental
sustainability and child-friendly policies among these countries.

A clear example related to riding a bike as a cultural and
intrinsically integrated aspect of citizen’s lives is active transport
in urban environments, which is also linked to CIM. Findings
from the international study on CIM across 16 countries (37)
revealed that England occupies the 7th position, while Portugal
and Italy share the 14th position, as the countries in Europe with
lower levels of CIM licenses. Although Italy shares the 14th place
with Portugal in the European CIM rank, the bicycle culture
seems to bemore embedded in Italy where children learn to ride a
bicycle earlier than in Portugal. Between 1800 and 1900 Italy was
essentially an agricultural country and the most popular sport
was cycling, which was considered a “symbol of progress”. Now
the bicycle is the most economical way of transport. ISTAT data
from 2015 (43) showed that the bicycle was used by only 3.6% of
the population and that cycling has increased unevenly on Italian
territory. In Croatia, about 5% of all trips are made by bicycle and
cycling is the least popular method of travel for going to work
or to school (44). In Spain, only around 1.5% of children and
3% of adults cycle daily (45–48) and cycling is still classified as
emerging (45). Portugal is the country in group 2 with the highest
reported learning age. According to Shaw et al. (37), in Portugal
bicycles play a scarce role on children’s mobility—either alone
or accompanied by parents—in terms of journeys between home
and school. The reasons explaining the low levels of active and
independent traveling in Portugal are related to stranger danger
and the parents’ perception of traffic hazards (49).

In countries from group 2, there have been efforts to promote
sustainable mobility through the proliferation of soft modes of
travel in urban centers and the planning of infrastructure to
promote these behaviors (e.g., increasing bike lanes, bicycle share
programs, etc.), and a number of cycling related community
projects and initiatives have emerged [e.g., (50, 51)]. However,
the majority of people opt for passive motor transport, with
negative impact for health. Also, habits of using other modes of
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transport (i.e., passivemotor transport) have a negative impact on
bicycle use. Adults who use passive motor transport (i.e., car or
motorbike) as themost frequent type of transport to commute are
the most strongly opposed to cycling (52). Alternatively, leisure
cyclists are likely to be commuter cyclists in the future (45, 52).
So, increasing the cycling experience (in the leisure-time and/or
sport activities) increases the valuation of attitudinal beliefs and
decreases the barriers to cycling as a way of transportation.

Group 3 comprises the two Latin American countries in our
study (Brazil and Mexico), in which children learned to cycle
independently at a later age. Brazil and Mexico are the two
only countries in our study that are not considered high-income
countries according to the GDP data of the world bank (33).
Possibly, buying a bicycle in these countries does not represent a
priority in the families’ domestic budget. In Brazil, until 1999, the
use of bicycles was related to three aspects: (1) leisure, widespread
in all socioeconomic levels; (2) competitive or non-competitive
sporting activity; (3) toys, representing the development of motor
skills and experiencing the first moments of freedom for children
between 6 and 12 years old (53). In the last decade, there
have been some changes to promote the use of bicycles (e.g.,
construction of bike lanes and implementation of bicycle sharing
systems in large cities and in tourist cities). This has motivated
families to encourage children to ride their bicycles before the age
of 5/6; favoring the performance of leisure activities in the family,
generating greater well-being and increased physical activity for
all family members; in addition to the use of bicycles as a means
of transport (urban mobility) by families of all socioeconomic
levels (54).

In Mexico, the use of the bicycle does not seem to be popular
or widespread. A recent study based on the national intercensal
survey of 2015 (30), showed that although active transportation
to school is fairly common among Mexican schoolchildren and
adolescents, cycling is not (66.2% of the students walk to school
whereas only 1.6% cycles). Moreover, when considering active
and passive transportation modes, the bicycle falls into the last
position in all states of Mexico.

Learning Age Over Generations
There could be some important and universal elements affecting
the learning age for cycling (e.g., cooperation for learning, time
on task, prompt feedback, etc.) that can be applied around the
globe in diverse populations. Generation X learnt to cycle later
than generation Z, which could be due to less financial availability
of previous generations to acquire bicycles and to less shared
leisure time between parents and children of those generations.
In fact, parents and relatives of people in generation X had limited
leisure time and consequently less time to support children in
learning this motor task. Changes in the number of children per
family, in the cultural ideals of parenthood and of parental levels
of supervision and engagement in play should also be considered
(55). For instance, it has been shown that younger siblings
usually learn to cycle earlier than older siblings and only children
(56). Homes, families and schools are powerful environments
for empowering cycling enculturation (45). Specifically, family
can be the social group with the most positive influence on
the decision to use the bicycle (52) and/or learn to cycle. To
do so, riding a bike should not only be seen as a mode of

transport, guided by adult rationality, but as a form of active
play, leisure, recreation or sport, which lays the foundation of
positive practical experiences (45). Most children learn to cycle
with the help of their families. Although structured programs
with cycling lessons exist, they seem to be more frequent for
children with disabilities (57). However, for all children, learning
is enhanced when (1) it is more like a team effort than a solo race,
(2) frequent opportunities to perform and receive suggestions for
improvement exist and/or (3) learners use realistic amounts of
time for effective learning (58). When a child persists, he/she can
learn how to cycle. However, in addition to persistence, when
the child is supported by an adult who provides feedback and
encouragement to help him/her learn how to cycle, the path of
learning might increase. In addition, the design of bicycles and
their size have become more child-friendly across generations. It
is possible that many children from generation X did not have
access to bicycles correctly body-scaled to them (59), and instead
they had to use adult bicycles. After entering the newmillennium,
our findings reveal another drop in the age that children learn
how to cycle independently. Possibly, this is due not only to
the more central place the bike adopts within the family context
nowadays, but also due to the transition from learning how to
cycle with training wheels to the use of the balance bikes (55, 60).
In many countries, cycling is considered a traditional leisure time
activity during childhood as many parents offer bikes to their
children for playing when they are young. Moreover, cycling
has become increasingly valued for its potential to improve
physical literacy/motor skills and physical activity (61). Also, the
greater importance that has been given in the recent decades to
policies that promote healthy lifestyles and active transport (62)
is probably another factor that influences the cycling learning age.

The results of the present study reveal the influence of changes
in the macrosystem and chronosystem dimensions in proximal
processes related to learning how to cycle, between generations
X and Z. These changes are essential for the child to be able
to cycle in the public space, alone or with other children,
without adult supervision. This is one of the main licenses of
independent mobility and a privileged component in a child-
friendly community (63).

As a way of low-carbon city strategies around the World,
policy and decision makers are engaged in the planning of
initiatives that promote cycling (46) and there has been increased
attention for cycling and its infrastructure to meet climate
goals (64).

Learning Age Over Generations by Country
The bike is increasingly being considered an enjoyable,
cheap, ecological and efficient mode of transportation, which
promotes health and well-being. During youth, appropriate
cycling promotion is associated with empowering confidence,
knowledge, competence and attitudes (65).

Our findings revealed a significant interaction between
country and generation indicating that generational changes
differed slightly among countries with the decline in learning age
being less evident in countries in which the learning age has been
consistently low across generations.

It is not surprising that in countries from group 1 (especially
in the Netherlands), the learning age has not changed as much
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over generations as in countries from group 2 or 3, in which
investments in infra-structures and policies that promote cycling
are more recent. However, it should be noted that the interaction
effect was negligible (η2p = 0.006). Whilst learning age for
independent cycling is generally lower in later generations,
countries generally maintained their rank relative to one another
across time. Although national governments have increased their
support for cycling in the past decades, there are other factors that
may hinder or facilitate cycling. For instance, the perception of
road safety has changed across generations, and fears about safety
have often been mentioned as a reason to not cycle, especially in
countries from group 2 (e.g., UK, see 18) and 3 (e.g., Mexico, see
30). The cycling culture and the efficacy of cycling campaigns also
vary, and the plans for cycling investment are diverse (66). It is
thus clear that policies and an urban planning framework that is
friendly to the use of bicycle as an expressive daily travel mode
by children and adults, as well as valuing the learning of cycling
as an educational and developmental asset, are paramount for a
widespread cycling culture and behavior.

Strengths and Limitations
To our knowledge, this is the first international study that
examines the age for learning to cycle in different countries and
across time. Additionally, this study has a large sample size, which
was made possible through a web-based survey. However, some
limitations need to be considered when interpreting the present
findings. First, this cross-sectional study used retrospective self-
report and parental reports, which are prone to response bias.
Future studies should involve longitudinal designs to further
understand when and how (young) children learn to cycle.
Second, as participant recruitment took place via social media
and with the help of different partners (e.g., parents’ magazines,
early childhood teachers’ organizations, cycling federations and
non-profit organizations), this may have led to sampling bias. For
instance, members of cycling organizations will cycle more than
the general populations in the respective countries, which might
bias the average learning age for cycling within the study sample.
Further research should consider personal/demographic factors
(e.g., socio-economic status, ethnicity) and psychosocial factors
(e.g., attitudes, habits, perceptions) to gain better insights into
learning to cycle (67). Third, there were some large differences in
sample size and variance between countries although unequal N
HSD post-hoc tests have been used to address the issue of unequal
group size and heterogeneity of variance. Finally, the present
study focused on comparing learning ages for cycling among but
not within countries. As cycling levels have been shown to vary
within countries (68, 69), future studies should explore potential
differences in learning age within countries and regions.

CONCLUSIONS

Learning to cycle is associated with physical, social and emotional
benefits; as such, the earlier a child can ride a bike independently,
the sooner they will experience those benefits. The present study
specifically examined the influence of the macrosystem and
chronosystem-as noted in Bronfenbrenner’s bioecological theory
(1995)-and their interaction, on the learning age of cycling. The
interaction effect between country and generation was negligible,

but our results show that the difference in age for learning to
cycle independently can vary by about 3 years (usually between
4 and 7 years of age), depending on the country where the child
lives (macrosystem) and the time of birth (chronosystem). A
child from generation Z born in a high-income country where
the bicycle use is culturally imbedded (e.g., the Netherlands
or Finland), will on average learn to cycle independently at
a much younger age than a child from generation X born
in a middle-income country without a strong cycling culture
(e.g., Brazil or Mexico). This latter group of countries would
benefit the most from cycling promotion campaigns, policies that
improve perceived public and road safety, and investments in
infrastructures to promote active modes of transport. Finally,
learning to cycle depends mostly on the child’s microsystem—
specifically, the face-to-face interactions between the children
and the adults that support them to cycle. Our results indicate
that the cycling culture, expressed by the cycling modal share
that exists in a given country and a given time, seems to be
closely related to the age at which children learn how to cycle,
highlighting the interdependency between the different levels of
a person’s environment (19, 20).
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