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A B S T R A C T   

Introduction: Cycling confers many health-related benefits but is rarely used as a mode of travel in 
the UK. There is comparatively limited research on enablers and barriers to cycling in children 
and their parents, even though understanding this dyad is key for developing effective active 
school travel interventions. We used the COM-B (capability, opportunity, and motivation to 
engage in an identified behaviour) model as a framework to design and interpret data from an 
online survey administered to schoolchildren and their parents, regarding barriers and enablers 
for cycling. 
Methods: Two hundred-and-forty-six UK schoolchildren aged 9–15 years (M = 12.2 yrs; SD = 1.1 
yrs) and one of their parents completed an online survey in which they reported their cycling 
behaviour, physical and psychological capabilities regarding cycling on roads, social and physical 
opportunities for cycling, and their motivation to cycle on roads. A structural equation model was 
hypothesized and fitted to the data. Model modifications were made to improve the model fit. 
Results: A structural equation model of survey data revealed that parents’ cycling frequency 
predicted the frequency of their children’s cycling. Both children’s and parents’ cycling fre-
quencies were determined by their affective judgements regarding cycling – i.e., their automatic 
motivation to cycle – and whether they had access to a roadworthy cycle. Parents’ cycling fre-
quency was also influenced by the proportion of their close friends who cycled. 
Conclusions: Interventions targeted at enhancing children’s and parents’ attitudes toward cycling, 
and increasing parents’ cycling behaviour, may increase children’s cycling frequency journeys 
such as the school commute.   

1. Introduction 

Despite the benefits of regular physical activity for physical and mental health (Henson et al., 2013; Cao et al., 2022; Bell et al., 
2019; Cheng et al., 2020; Hoare et al., 2016), the percentage of UK children and young people classified as physically active is less than 
50% at the time of writing (England, 2023). However, the physical inactivity problem is a multifaceted one (Blair, 2009): Many factors 
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influence people’s physical activity levels, including their perceptions of social support for physical activity (Schalkwijk et al., 2015; 
Sawka et al., 2013), opportunities in the built environment to be physically active (Tappe et al., 2013; Arvidsen et al., 2022) and their 
expectations regarding the consequences of being more active (Garcia et al., 2022). Consequently, successful behaviour change 
strategies require consideration of a multitude of barriers and enablers for physical activity and the various contexts in which it occurs 
(Harvey and Kitson, 2015; Koenders et al., 2021). 

Active travel presents an ideal context for children and young people to incorporate physical activity into their daily routines. There 
is recent evidence that higher levels of active travel to and from school (e.g., walking and cycling) are associated with greater 
moderate-to-vigorous-physical activity in children (Salway et al., 2019). It has been shown that 76% of school journeys are under 2 
miles (Department for Transport, 2014), and cycling is underrepresented as a mode of active school travel relative to walking, driving, 
and taking a bus in UK children over this journey range (Department for Transport, 2022). Hence, it is important to deepen our un-
derstanding of the factors that influence active travel behaviour in adolescents, so that we can design appropriate interventions to 
increase children’s physical activity levels. 

Several researchers have examined individual, social and environmental influences on cycling-related attitudes and behaviour, 
both in children and adults (Charreire et al., 2021; Bishop et al., 2023a; Verhoeven et al., 2017; Ikeda et al., 2019; Salmon et al., 2007; 
Liu et al., 2023). A recent systematic review on barriers and enablers for cycling in adults showed that the main barriers were 
infrastructure- and safety-related – particularly concerns about sharing the road with motor vehicles (Pearson et al., 2023a). However, 
research has also highlighted the importance of the individual’s motivation to cycle and social support for cycling (Benson and Scriven, 
2012; Mendoza et al., 2014; Ross and Wilson, 2021). In fact, research has suggested that the individual’s motivation to cycle and social 
support for cycling may supersede environmental barriers (Bjørnarå et al., 2020; Fitch et al., 2019). For example, Fitch and colleagues 
(Fitch et al., 2019) coded several road characteristics to describe the cycling and walking environments in three Northern California 
communities (e.g., bike lane presence and width, on-street parking, speed limit), and surveyed high school children from these 
communities about their usual travel modes and personal attitudes. Using a series of categorical regression models, the authors showed 
that the children’s attitudes toward cycling predicted their travel mode choices almost twice as strongly as the road environment. That 
said, evidence suggests that motivations and attitudes toward cycling changes over the course of childhood, adolescence and into early 
adulthood (Underwood et al., 2014; Thigpen and Handy, 2018). Cycling is perceived as fun in childhood whereas in adolescence, cars 
replace cycling as the mode of transport related to fun and independence, and teenagers may discontinue cycling even if they enjoy it, 
because of unsupportive social norms (Underwood et al., 2014). Efforts to explore the complex interaction between individual, social, 
and environmental influences on cycling behaviours is warranted to develop multi-pronged behaviour change interventions that in-
crease children and adolescents’ cycling frequency (Emond and Handy, 2012). 

Parental attitudes and confidence appear to be strong determinants of their child’s active travel patterns (Salmon et al., 2007; Ross 
and Wilson, 2021; Woldeamanuel, 2016; Trapp et al., 2011; Wilson et al., 2018). Parents’ positive cycling behaviour and attitudes can 
serve as a model for the children and assist in overcoming common barriers to cycling – although parents with negative perceptions of 
cycling can impose rules that restrict the child’s cycling behaviour (Thigpen and Handy, 2018), even when the child’s attitudes and 
confidence are in direct contradiction to theirs (Pfledderer et al., 2021). For example, Chillón and colleagues’ (Chillón et al., 2014) 
found that parents’ safety and weather concerns, and their perceptions of their child’s unwillingness to walk or cycle, increased the 
likelihood that they would chauffeur their children to school (Carver et al., 2013); unfavourable parental attitudes regarding 
commuting distance also increases car usage (Woldeamanuel, 2016; Trapp et al., 2011; Ridgewell et al., 2009; Mandic et al., 2022). 
That said, the child’s attitude to cycling, and their perceptions of control over their cycling behaviour, are also significant enablers of 
cycling as a mode of active travel in children (Bjørnarå et al., 2020; Zaragoza et al., 2020). Therefore, it is important to examine the 
attitudes of children and their parents in tandem. 

The combined influence of child and parent attitudes on children’s active travel is captured in the conceptual framework developed 
by Panter and colleagues (Panter et al., 2008), which is based on their review of evidence from 24 studies of children and adolescents. 
The framework also highlights other environmental determinants of active travel in children, such as parent and child characteristics 
(e.g., physical ability, ethnicity, household income, occupational status, etc.), and factors related to the physical environment (e.g., 
route length, neighbourhood attributes, and destination attributes) – including the parents and children’s perceptions of this envi-
ronment. However, Panter et al. acknowledged the inconsistent findings regarding environmental influences, and the potential in-
fluence of unmeasured child and parent characteristics. Consideration of such individual characteristics may facilitate the tailoring of 
behaviour change interventions for active travel, to maximise their efficacy. 

The COM-B model (Michie et al., 2011) was proposed as a framework for designing and implementing behaviour change in-
terventions. It encompasses three overarching factors that individually and collectively influence people’s behaviour: their motivation 
to engage in the behaviour, both reflective (e.g., reasons to be active) and automatic (e.g., attitudes towards physical activity); opportunities 
in their social and physical environments to engage in the behaviour (e.g., social norms and the built environment); and their physical and 
psychological capabilities regarding the behaviour (e.g., skills, thought processes and knowledge). The COM-B model framework has 
been used successfully to identify the contributions of these factors to people’s physical activity in a variety of contexts and populations 
(Howlett et al., 2019; Huynh et al., 2023; van Kasteren et al., 2020; Johnson et al., 2022; Ellis et al., 2019; McDermott et al., 2022), and 
has good explanatory power for young adults’ physical activity levels (Willmott et al., 2021). Other frameworks have been used to 
explore cycling behaviour, in both adults and children – for example, those based on social-cognitive models such as the Theory of 
Planned Behaviour (Liu et al., 2023; Murtagh et al., 2012) – and many have identified individual, social, and physical enablers and 
barriers for cycling as a mode of active travel. However, the COM-B model not only explicitly acknowledges such opportunities to 
perform a behaviour, but also recognises the contributions of the individual’s physical and psychological capabilities. 

Michail and colleagues (Michail et al., 2021) used the COM-B model to investigate active school travel in 192 schoolchildren, only 
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5% of whom cycled to school. The children completed a short survey to report their usual mode of school travel, their experiences of 
their journeys, and their likes/dislikes relating to those journeys. Using thematic analysis, the authors identified several sub-themes 
pertaining to the children’s motivation to engage in active school travel (traffic, personal safety, and comfort), and their opportu-
nities to do so (planning, street design, nature, family, friends, and community), which the authors summarised as four overarching 
domains, namely, environmental context, emotions, social influences, and trip factors. However, Michail et al. did not collect data relating 
to the individual’s physical and psychological capabilities. 

Research into the influence of children’s physical and psychological abilities on cycling to school is scarce (Panter et al., 2008; Yang 
et al., 2016). Pearson et al.‘s (Pearson et al., 2023b) systematic review of barriers and enablers for cycling identified eight studies that 
suggested a ‘lack of fitness’ as a perceived barrier to cycling in adults. Findings are comparable for children: The extra effort required to 
cycle to school, compared to travelling by car, has been identified as a deterrent for cycling, particularly for teenage girls (Higgins and 
Ahern). Relatedly, if individuals perceive that the distance to their workplace or school is too far to cycle, possibly because of their 
physical abilities, they are unlikely to cycle – and perceptions of distance are more strongly associated with cycling behaviour than 
actual distance (Emond and Handy, 2012). Regarding psychological capabilities, a recent systematic review of children’s cycling skills 
showed that perceptual-cognitive skills including hazard perception, attention, planning, and decision-making, are important con-
siderations when investigating cycling behaviour (Zeuwts et al., 2020). For example, high levels of attentional control are required to 
navigate complex road networks, particularly in built-up areas, whilst engaging with other road users in a safe manner. Given the 
contributions of inattention to collisions involving cyclists (Møller et al., 2021; Salmon et al., 2022), and the relationship between poor 
attentional control and cycling errors and violations (Bishop et al., 2023a), attentional control is a psychological capability that de-
serves closer scrutiny. Moreover, explicit knowledge of rules of the road and awareness of road user priorities are a feature of the 
National Standard for Cycle Training (Department for Transport and Driver & Vehicle Standards Agency, 2019) and should also be 
considered. 

1.1. Aims of the present study 

There is a dearth of research using the COM-B (capability, opportunity, and motivation for behaviour) model as a framework to 
investigate enablers and barriers for children’s cycling, despite its explanatory power for physical activity (Willmott et al., 2021). Our 
aim was to use the COM-B model as a framework to investigate the contributions of children’s and parents’ physical and psychological 
capabilities for cycling, their social and physical opportunities to cycle, and their motivation to cycle, to the child’s cycling frequency 
(Department for Transport, 2014; Department for Transport, 2022). 

To build on existing research, we characterised participants’ psychological capabilities in terms of their cycling-related knowledge 
and their attentional control (Bishop et al., 2022, 2023a), and their physical abilities in terms of their cycle control (Bishop et al., 
2023a) and their ability to cycle under various environmental demands. We conceptualised social and physical environment de-
terminants similarly to previous studies. Individual motivation was characterised in terms of deliberative reasons to cycle (e.g., so-
cietal, health; reflective motivation), and affective judgements regarding cycling on roads (automatic motivation). Because habitual 

Fig. 1. Conceptual Model of Children’s and Parents’ Capabilities, Opportunities and Motivation Regarding Cycling on Roads, and their Associations 
with Cycling Behaviour. 
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behaviour is a reliable predictor of future behaviour in health contexts (Moran and Mullan, 2021; Zhang et al., 2022), and the 
prevalence of weather as a barrier to active school travel (Bjørnarå et al., 2020; Kamargianni and Polydoropoulou, 2013), we also 
sought to ascertain the influences of the types of cycling performed by participants, and the seasonality of their cycling behaviour – 
notably, their cycling frequency in spring/summer versus autumn/winter. Hypothesized associations between elements of the COM-B 
model and participants’ cycling behaviour are depicted in Fig. 1. Considering the research evidence presented above, which shows that 
cycling-supportive attitudes, social norms, and infrastructure all influence cycling behaviour, we predicted that the participants’ 
motivation to cycle and their social and physical opportunities to cycle would predict their cycling frequency. We also hypothesized 
that their judgements of their cycling capabilities (in the absence of an existing reliable measure of cycling ability) would predict their 
cycling frequency, because there is evidence that such judgements are related to use of cycling as a mode of active travel (Mertens 
et al., 2019; Lois et al., 2015). Finally, we predicted that parents’ motivation to cycle and their cycling frequency would predict the 
children’s cycling frequency, because of the demonstrable influence of parental attitudes and behaviour on children’s active travel 
behaviour. 

2. Methods 

2.1. Study setting, participants and design 

The population of the United Kingdom in mid-2021 was estimated to be 67.0 million, of which approximately 8% were children 
aged 9–15 years (Office for National Statistics, 2022); most children in England within this age range are offered formal cycle training 
via their schools (The Bikeability Trust, 2022). In the same year, an estimated 3% of children aged 5–16 years cycled to school 
(Department for Transport, 2021). 

Two hundred and forty-six children aged 9–15 years (M = 12.2 yrs; SD = 1.1 yrs; median = 12 yrs) who attended state primary and 
secondary schools in five boroughs of west London, UK – namely, Brent, Ealing, Harrow, Hillingdon and Hounslow – and one of their 
parents/carers (hereafter parents; M age = 43.6 yrs; SD = 6.33 yrs; median = 43 yrs) who could confirm their eligibility (see Procedure) 
completed an online cross-sectional survey; this included information regarding demographics, which are summarised in Table 1 (NB: 
age is summarised above). Parents’ education levels, employment statuses and marital statuses are summarised in Tables A-C of 
Supplementary Information. Participants also reported the frequency with which they cycled on different types of thoroughfares – 
namely, segregated cycle lanes, cycle paths, residential streets, busy urban roads, minor roads, dual carriageways, and pavements/sidewalks – 
the number of years for which they had cycled, whether they could ride a cycle, their membership of cycling clubs or organisations, and 
any formal cycle training they had undertaken. These are summarised in Tables D and E of Supplementary Information. 

2.2. Procedure 

After obtaining institutional research ethics committee approval, emails were circulated via local Bikeability training providers 
from March to June 2022, to parents of children aged 9–15 years in the five London boroughs (see Section 2.1) whose schools offer 

Table 1 
Participants’ demographics – summary.  

Protected Characteristic Category Percentage of Sample 

Child Parent 

Gender Female 42.7% 61.0% 
Male 52.0% 36.6% 
Non-binary/Third Gender 1.2% 0.0% 
Prefer not to say/no response 4.1% 2.4% 

Race/Ethnic Group White 37.4% 40.2% 
Indian 17.9% 17.9% 
Black or African American 5.3% 6.1% 
Middle Eastern 2.8% 2.8% 
Pakistani 2.4% 3.7% 
Bangladeshi 2.0% 2.0% 
Other ethnic groups (all n’s < 5)* 23.6% 22.0% 
Prefer not to say/no response 8.9% 5.7% 

Religion or belief Christian 34.6% 37.4% 
No religion/atheist 20.7% 19.5% 
Hindu 12.2% 12.2% 
Muslim 11.4% 12.6% 
Sikh 7.3% 7.7% 
Other religions (all n’s < 5) 2.8% 3.3% 
Prefer not to say/no response 11.0% 7.3% 

Disability No impairment 54.5% 55.3% 
Long-term health condition (e.g., cancer, HIV, diabetes, chronic heart disease, epilepsy) 0.4% 2.0% 
Learning difference (e.g., dyslexia, dyspraxia, ADHD) 2.4% 0.8% 
Prefer not to say/no response 42.7% 41.9%  
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cycle training to their pupils – a total of 415 schools. Participation was incentivised by the offer of a £10 gift card; participants also had 
the opportunity to express their interest in three other cycling-related studies, each of which included participation incentives. Those 
who expressed an interest in completing the survey were invited to a brief video call with one of the research team to establish their 
identity. We used this process to confirm participants’ authenticity, because visual inspection of early survey responses contained 
erroneous responses (e.g., straightlining; see section 2.4.1). Those who were willing to verify their identity and confirm their eligibility 
received a unique link to the survey, which was completed via an online survey platform (Qualtrics, Provo, UT), in their own time and 
in a location of their choosing. The survey was completed by the parent and child together, but they provided responses in sections 
clearly demarcated as relating to ‘Parent’ or ‘Child’. It was stated clearly which question related to which participant and how they 
should respond to each question. In the instructions, the parent was asked to neither influence the child’s responses nor respond for 
them, and only to help them read and understand questions. The survey was to be completed within one week of receipt of the link 
before the link expired. Data collection ceased once an adequate sample size was obtained to conduct suitably powered analyses, and 
when expressions of interest dwindled. A total of 1123 participants provided responses, only 428 of whom completed the survey in full 
– a completion rate of 38.1%. The final sample size after screening for response quality (see Results) – 246 – is adequate considering the 
previous suggestions for sample sizes of 100–200 (Boomsma, 1985), (Wolf et al., 2013) and of 5–10 observations per parameter 
(Bentler et al., 1987). 

2.3. Measures 

The survey was designed using the COM-B behaviour change wheel (Michie et al., 2011) as a framework. Respondents 
self-identified their physical and psychological capabilities regarding cycling on roads; the social and physical opportunities they 
perceive for cycling; and their motivation to cycle, both reflective and automatic. Child and parent were asked to provide responses to 
all items, except for those relating to highest level of education and employment status, to which only the parent responded. 

2.3.1. Outcome variable 
In 2021, most trips made in the United Kingdom via active travel modalities were 2 miles or less (Department for Transport, 2022). 

Parents and children stated the frequency with which they travelled journeys of 2 miles or less using various modalities: walking, bus, 
train, car, motorcycle, taxi, cycle, scooter, or other (participants could specify). They did so via a scale ranging from 1 (Never) through 2 
(Occasionally) and 3 (Frequently) to 4 (Very frequently). Almost one-third of child participants (29.3%) and just over one-fifth of their 
parents (20.2%) stated that they cycle frequently or very frequently; the majority either did so only occasionally (39.8% and 30.9%, 
respectively) or never (19.1%) and 41.5%, respectively) (see Table F, Supplementary Information). 

The response to the cycling item above was combined with the number of hours per month that participants typically cycled in spring/ 
summer and in autumn/winter (see Table G, Supplementary Information), and the frequency with which they performed recreational cycling 
and the frequency with which they performed commuter cycling (see Table H, Supplementary Information) to form two composite outcome 
variables, one for children and one for parents. 

2.3.2. Physical activity 
Children and parents self-reported their moderate and vigorous physical activity levels (hours per week), height (m), and weight 

(kg); the latter were used to calculate participants’ body mass indices. These data are summarised in Table I (Supplementary 
Information). 

2.3.3. Physical and psychological capabilities 
Physical Capabilities. Participants indicated their confidence in their ability to “Control your cycle and come to a safe stop with a 

front tyre puncture when travelling at speed”, on a scale ranging from 1 (Not at all confident) through 2 (Fairly confident) to 3 (Very 
confident). This item has been used previously to ascertain cyclists’ self-reported abilities (Bishop et al., 2023a). 

Participants also stated their belief in their ability to cycle under various environmental conditions: when it is raining, it is cold, the 
road surface is slippery, you have a heavy load to carry, your route is hilly, there are lots of motor vehicles around you, motorists are driving 
aggressively, there are lots of cyclists around you, and there are lots of pedestrians around you, on the same scale as above. These items were 
chosen to collectively represent a proxy for the participants’ physical fitness (Pearson et al., 2023b), and ability to navigate their 
environment safely (Bishop et al., 2023a), in the absence of objective performance data in this regard. 

Psychological Capabilities. Because inattention is a contributory factor in collisions involving cyclists (Salmon et al., 2022), and 
experienced cyclists’ inability to control distractions is associated with greater errors and violations (Bishop et al., 2023a), items 
relating to attention allocation and distraction control while cycling were included in the survey. Children and parents responded to 21 
cycling-specific items based on a revised version of the Attentional Style Questionnaire (Bishop et al., 2022). Collectively, all 21 items 
referred to inattention and distraction in relation to external (e.g., “I fail to notice pedestrians in the road ahead”) and internal (e.g., “I 
daydream”) stimuli; all items were prefaced by the following sentences: “The following statements relate to your allocation of attention 
when you are cycling. Please indicate how frequently each of them happens to you when you are cycling on roads”. 

In addition, participants self-reported their confidence in their ability to “Cycle safely at speed through a narrow gap” (visual 
perception), to “Judge the distance of a car behind you, using only your hearing” (auditory perception), and to “Safely avoid a 
pedestrian who steps into the road 10 m in front of you, when you are travelling at speed” (reaction time) (Bishop et al., 2023a), on a 
scale ranging from 1 (Not at all confident) through 2 (Fairly confident) to 3 (Very confident). They also answered a series of 
multiple-choice items relating to knowledge of cycling good practice, for example, “Which brakes should you use to stop your cycle?” 
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(The Bikeability Trust, 2022), and the rules of the road, such as “According to the Highway Code, when are you allowed to cycle on a 
pavement?” (Department for Transport and Driver & Vehicle Standards Agency, 2023); responses were coded binarily (1 for correct 
responses, 0 for incorrect responses). 

2.3.4. Perceived social and physical opportunities to cycle 

2.3.4.1. Social opportunities. Social norms and social support are important indicators of physical activity in the context of the COM-B 
model (Willmott et al., 2021). Accordingly, participants responded to five bespoke items, that reflected the proportion of the following 
groups of people they knew who cycle on roads, namely close friends, family, peers, people in their immediate neighbourhood, and people in 
their town, on a scale ranging from 0 (None) through 1 (Some) and 2 (Many) to 3 (All). 

They also indicated the extent of their agreement with ten bespoke statements relating to cycling-supportive social norms (e.g., 
“Most people my age cycle on the roads”) and wider social support for cycling (e.g., “The UK government promotes cycling as a mode of 
active travel”), on a five-point scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). 

2.3.4.2. Physical opportunities. Current Access to Cycling Resources. Participants indicated the extent of their access to resources 
including a roadworthy cycle (owned/shared, within/outside of household), cycle lights, high-visibility garments, cycle clothing, and 
a cycle helmet, by selecting all items that applied (Yes/No). 

Physical Barriers to Cycling. Participants also stated the extent to which aspects of the physical environment (e.g., the cost of 
renting or purchasing a cycle, poor road surfaces, air pollution) made it less likely that they would cycle, on a three-point scale ranging 
from 1 (Not at all) through 2 (Somewhat) to 3 (Very much so). 

2.3.5. Reflective and automatic motivation to cycle 
Willmott et al.‘s (Willmott et al., 2021) data suggest that two strong indicators of people’s motivation to be physically active are 

identity and positive affect. Items relating to each of these are summarised below as reflective motivation and automatic motivation to 
cycle respectively. 

Reflective Motivation to Cycle. Children and parents independently indicated their reasons for cycling by stating the extent of 
their agreement with the following four statements, each of which was prefaced by the stem “It is important to cycle, to be …“: (1) “… 
socially responsible”, (2) “… a role model for others”, (3) “… more independent” and (4) “… an active person”. They did so via a five- 
point scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree). 

Automatic Motivation to Cycle. Because changes in people’s affective judgements of physical activity may increase physical 
activity behaviour (Rhodes et al., 2019), participants also independently indicated their agreement with nine descriptors prefaced with 
“Cycling is …“: tiring, efficient, stressful, comfortable, convenient, relaxing, enjoyable, good for my physical health, and good for my mental 
health, and with a tenth item, “Cycling makes me anxious”, via the same five-point scale (Bishop et al., 2023b). 

2.4. Data analysis and hypotheses 

2.4.1. Data screening and preprocessing 
The Qualtrics (Provo, UT) ExpertReview function was used initially to flag cases containing unanswered questions and straightlining – 

when identical answers are provided across rows in the response matrix. Also, the first and last authors visually inspected the data. 
Descriptive statistics were computed for all measures. All responses for categorical data reported in Section 2.1 were summarised as 

counts and percentages, whereas means, standard deviations, medians and ranges were reported for continuous data – notably, those 
for moderate-to-vigorous-physical activity levels and body mass index. 

All scale responses for which participants selected descriptors (e.g., ‘Frequently’) were converted to numerical equivalents for 
inclusion in factor and structural equation modelling analyses. For instance, if they comprised a 4-point scale, they were given values 
between 1 and 4, and for binary responses (e.g., Yes/No) they were assigned 1 or 0, respectively. 

2.4.2. CFA and SEM 
Coefficient alphas and omegas were computed for each factor to estimate the internal consistency reliability. Less than 6% of the 

data were missing. Therefore, we did not use any multiple imputation procedures to deal with the missing data. Several models were 
fitted to address the hypothesized relationships. R (R Core Team) was used for the analysis. Specifically, lavaan (Rosseel, 2012) and 
psych (Revelle) packages were used to fit the models and compute reliability coefficients, respectively. Following Bentler et al. (1987), 
we retained models that fit the data adequately well. These include the comparative fit index (CFI) ≥ 0.90, 0.05 < the root mean square 
error of approximation (RMSEA) ≤ 0.08, and the standardized root mean squared residual (SRMR) ≤ 0.08 for acceptable fit, and 
comparative fit index (CFI) ≥ 0.90, RMSEA ≤0.05, and the standardized root mean squared residual (SRMR) ≤ 0.08 for good fit. We 
used weighted least squares means and variances (WLSMV) estimation to account for the ordinal nature of the data. When the model 
did not have acceptable fit as deemed by these rules, we examined the modification indices and the standardised residuals for model 
modification suggestions. Two models were fitted – a confirmatory factor analytic model (CFA, Model A) and a structural equation 
model (SEM, Model B). 

Model modification was performed according to whether the variables were statistically significant predictors of the outcome 
variables. Statistically non-significant variables were removed, the altered model fitted, and retained based on fit indices. Hence, 
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included variables were determined by their convergence and goodness of fit in the models, and the groupings were determined 
according to the predetermined structure defined in the COM-B model and Fig. 1. Model A was a confirmatory factor analytic model 
(CFA) to test the factor structures of factors pertaining to reflective motivation to cycle, automatic motivation to cycle, physical 
barriers to cycling, physical capabilities, and psychological capabilities. Model B, the structural equation model (SEM) was modelled to 
predict the child’s and parent’s cycling behaviour. These composite variables were computed as sums of the standardized scores (z 
scores) of their Cycling Frequency (the frequency with which they cycled journeys of 2 miles or less, the frequency with which they 
performed recreational and commuter cycling, and the number of hours per month they typically cycled in spring/summer and in 
autumn/winter). Parents’ cycling frequency was predicted by their reflective motivation (their reasons to cycle); automatic motivation 
(their affective judgements regarding cycling on roads); whether they owned a roadworthy bicycle; and the proportion of friends who 
cycle on roads. Child’s cycling frequency was predicted by their parent’s cycling frequency, their reflective and automatic motivation, 
and whether they owned a roadworthy cycle (see Fig. 2). Model modifications were based on the suggestions provided by the 
modification indices when the fit indices were not adequate. However, these relationships were modified only if they made substantive 
sense. For instance, the measurement errors of finding cycling as relaxing could be correlated for the parent and the child because of 
their relationship. Thus, modifications were made and the final model that was fitted is discussed in the Results section. 

3. Results 

3.1. Data screening – retained responses 

Four-hundred and twenty-eight survey responses were received. One-hundred and fifty-one flagged cases were visually inspected 
by the first and last authors; all were consequently removed from the analysis. The remaining 277 cases were also visually inspected by 
the first and last authors, and a further 31 cases were removed because of erroneous and/or inconsistent information; for example, a 
response that indicated a participant had not yet learned to ride a cycle but frequently used one. 

3.2. CFA and SEM 

The descriptive statistics for variables included in Models A and B are shown in Tables J and K (Supplementary Information). The 

Fig. 2. Structural diagram showing the relationships between the items and the factors in Model B. 
Note. Numbers are standardized beta coefficients – the expected change in the outcome variable given a one-unit change in the predictor; dashed 
lines represent statistically nonsignificant relationships; ovals represent latent variables. 
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reliability coefficients (omega and alpha) for each of the factors originally tested in CFA are given in Table 2. All coefficients were 
greater than 0.75, indicating good reliability. However, only the factors relating to reflective and automatic motivation for both 
children and parents were retained. None of the other factors were retained in the model because they led to non-converging solutions. 
Errors were allowed to be correlated for some items across children and parents in the retained factors (see Table M, Supplementary 
Material), which was entirely logical; parents and children’s behaviours are similar, cycling-related and otherwise. The ultimate 
retained CFA model had CFI = 0.94, χ2 = 2154.28, df = 153, TLI = 0.92, RMSEA = 0.067 [0.055, 0.079], SRMR = 0.058. The factor 
coefficients and error correlations for all statistically significant indicators are provided in Table 3, and the factor correlations for all 
statistically significant relationships between factors are in Table 4. 

The final structural equation model that was retained (Model B) is shown in Fig. 2 below (CFI = 0.961, TLI = 0.964, RMSEA =
0.059 [0.047, 0.070], SRMR = 0.077). The associated regression coefficients are provided in Table 5. The children’s cycling frequency 
was statistically significantly predicted by affective judgements regarding cycling (automatic motivation) and owning a roadworthy 
cycle (physical opportunity), and their parents’ cycling frequency – arguably a social opportunity to cycle, albeit characterised as an 
outcome variable in the present analysis. Parents’ cycling frequency was statistically significantly predicted by their automatic moti-
vation, the proportion of their friends who cycled on roads (a social opportunity), and whether they owned a roadworthy cycle (a 
physical opportunity). In sum, both children’s and parents’ cycling frequency were predicted by their opportunities and motivation to 
cycle. 

4. Discussion 

We collected responses to a survey based on the COM-B model from a sample of 246 UK schoolchildren and their parents, to 
ascertain the contributions of their cycling-related capabilities, their opportunities to cycle, and their motivation to cycle, on their cycling 
frequency. Key determinants of the child’s cycling frequency were the parent’s cycling frequency, the child’s automatic motivation to 
cycle – i.e., their affective judgements regarding cycling, as manifested through responses to survey items such as “cycling is relaxing” – 
and their access to a cycle helmet. The parent’s cycling frequency was similarly predicted by their automatic motivation to cycle and 
their access to a cycle, but also the proportion of their close friends who also cycled. Neither the children’s nor the parents’ psy-
chological and physical capabilities appeared to influence their cycling frequency; the physical environment was similarly unin-
fluential. Participants’ reflective motivation – i.e., their deliberative reasons for cycling such as “It is important to cycle, to be socially 
responsible” – was a component of the final model but did not make a statistically significant contribution to either the children’s or the 
parents’ cycling frequencies. 

Our findings suggest that parents’ cycling frequency may be a strong predictor of their children’s cycling frequency. This finding is 
unsurprising, given the age range of the children completing the survey – they are still highly dependent on their parents – and 
previous research has suggested that parents’ cycling behaviours and attitudes serve as a model for their children (Thigpen and Handy, 
2018). This finding is also consistent with the conceptual framework put forward by Panter and colleagues (Panter et al., 2008), and 
with evidence that parental attitudes influence their children’s school travel behaviour (Ross and Wilson, 2021), if we assume that the 
parents’ cycling behaviour is indicative of their favourable attitudes towards cycling – a notion that is also supported by our data. 
Attitudes and physical activity are correlated (Chevance et al., 2019), and recent evidence suggests that parents’ physical activity 
behaviour positively influences their children’s physical activity levels (Carter et al., 2022; Rhodes et al., 2021). Hence, cycling in-
terventions focused on parents, rather than children, may be an effective means to increase children’s cycling and physical activity. 
However, although adult cycle training is offered by Bikeability training providers in the UK, delivery and uptake of such training is 
low, despite government subsidisation (The Bikeability Trust, 2023) – an observation that is mirrored somewhat in our data: More than 
70% of parents had not undertaken formal cycle training (NB: the proportion of children who had received no training was similarly 
high [48.4%]; see Table F in Supplementary Information). Moreover, the amount of funding available for adult training in the UK has 
been aimed at novice riders focusing more often on confidence building-style activities, rather than delivering according to the Na-
tional Standard for Cycle Training (Department for Transport and Driver & Vehicle Standards Agency, 2019). 

Behaviour change interventions aimed at developing healthy habits are typically complex (Gardner et al., 2023), although some 
evidence suggests that merely repeating the desired behaviour can be effective – notably when the task is simple, the environment is 
conducive and the person’s attitudes towards the behaviour are positive (Kaushal and Rhodes, 2015). For example, research has shown 
that attitudes are a good predictor of people’s intention to be physically active and their physical activity levels (Forster et al., 2018). 

Table 2 
Reliability coefficients for the factors.   

Child Parent 

Omega Alpha Omega Alpha 

Reflective motivation to cycle a 0.77 0.73 0.83 0.8 
Automatic motivation to cycle b 0.85 0.79 0.89 0.85 
Physical barriers to cycling c 0.90 0.87 0.90 0.86 
Physical capabilities – Perceptual Judgements and Cycle Control d 0.81 0.77 0.81 0.63 
Physical capabilities under various environmental conditions e 0.91 0.89 0.94 0.93 
Attention allocation/distraction control while cycling (psychological capabilities) f 0.84 0.75 0.83 0.73 

Note. Associated survey items are as follows: a = 37; b = 38; c = 42; d = 63; e = 64; f = 65. (please see supplementary materials for the survey). 
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Relatedly, Thigpen and Handy (2018) found that positive attitudes towards cycling in children were associated with greater cycling 
frequency, especially so in adolescents who were frequent cyclists: They increasingly enjoyed the independence and convenience that 
cycling afforded them; infrequent cyclists did not express such attitudes. The authors argued that the positive attitudes arose from 
frequent positive cycling experiences in the former group – evidence for the importance of repeating and reinforcing desired 
behaviour. Because most of the present sample were able to cycle (96.3% of children; 85.8% of parents), the task is seemingly a simple 
one, and the physical environment did not emerge as a significant barrier, it may also be appropriate to focus on interventions designed 
to improve children’s and parents’ attitudes – i.e., their automatic motivation – regarding cycling as a mode of active travel. Indeed, 
Panter et al.‘s (Panter et al., 2008) findings suggest that the child’s attitudes towards active travel may positively influence their 
perception of the physical environment, including the perceived dangers of cycling in that environment, and so our inclusion of af-
fective judgement items such as “cycling makes me anxious” could be particularly appropriate measures of children’s and parents’ 
attitudes towards cycling on roads. Interventions that focus on the playful element of cycling, through gamification (Bishop et al., 
2023b), may also prompt children to view cycling as recreational, rather than utilitarian; such ‘playfulness’ may promote adherence to 
physical activity interventions (Yang et al., 2020). Indeed, recent work on immersive cycle training suggests that even a brief gamified 
intervention can improve adolescents’ attitudes and confidence regarding cycling on roads (Rhodes et al., 2019). 

Table 3 
Factor coefficients– reflective and automatic motivation.  

Factor Indicator Std Estimate SE z value P(>|z|) 

Reflective Motivation 
Child: It is important to cycle, to be … …socially responsible 0.694 0.049 14.099 <0.01 

…a role model for others 0.712 0.051 13.957 <0.01 
…more independent 0.666 0.051 13.117 <0.01 
…an active person 0.644 0.074 8.707 <0.01 

Parent: It is important to cycle, to be … …socially responsible 0.834 0.041 20.393 <0.01 
…a role model for others 0.805 0.038 20.912 <0.01 
…more independent 0.753 0.042 17.725 <0.01 
…an active person 0.805 0.054 14.838 <0.01 

Automatic Motivation 
Child: Cycling is … …convenient 0.487 0.066 7.422 <0.01 

…relaxing 0.756 0.047 16.252 <0.01 
…enjoyable 0.763 0.061 12.498 <0.01 
…good for my physical health 0.694 0.079 8.742 <0.01 
…good for my mental health 0.657 0.065 10.18 <0.01 
…convenient 0.565 0.055 10.366 <0.01 
…relaxing 0.774 0.04 19.211 <0.01 

Parent: Cycling is … …enjoyable 0.847 0.037 23.065 <0.01 
…good for my physical health 0.813 0.063 12.876 <0.01 
…good for my mental health 0.845 0.045 18.971 <0.01 

Note. Only statistically significant indicators are shown. 

Table 4 
Factor correlations.   

Parent: Reflective Motivation Child:Reflective Motivation Parent: Automatic Motivation 

Parent: Reflective Motivation    
Child: Reflective Motivation 0.85   
Parent: Automatic Motivation 0.54 0.45  
Child: Automatic Motivation 0.48 0.65 0.64 

Note. Only statistically significant relationships are shown. 

Table 5 
Regression coefficients in the structural equation model (Model B).  

Variable Estimate SE z value P(>|z|) 

Outcome Variable: Child Cycling Frequency 
Parent: Cycling Frequency 0.27 0.03 8.26 <0.01 
Child: Reflective Motivation to Cycle − 0.51 0.45 − 1.15 0.249 
Child: Automatic Motivation to cycle 3.09 0.70 4.43 <0.01 
Child: Access to a roadworthy cycle 1.65 0.73 2.25 0.02 
Outcome Variable: Parent Cycling Frequency 
Parent: Proportion of Close Friends who Cycle 1.465 0.363 4.032 <0.01 
Parent: Reflective Motivation to Cycle 0.242 0.504 0.481 0.631 
Parent: Automatic Motivation to Cycle 2.617 0.629 4.161 <0.01 
Parent: Access to a roadworthy cycle 3.156 0.909 3.472 <0.01  
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4.1. Limitations and future directions 

Recruitment of participants was challenging, and the approaches taken may have introduced potential biases into the sample. For 
example, it was clear to prospective participants that the focus of the project was on cycling, which may have biased the sample toward 
those interested or actively engaged in cycling. Moreover, the video call screening process used to ensure genuine responses might 
have deterred otherwise willing participants and biased the sample further toward those with stronger opinions or experiences related 
to cycling as a mode of travel. These potential biases can be seen in the fact that almost all the children who took part had access to a 
cycle, which is not representative of children in the Greater London area or across the UK (Department for Transport, 2021). However, 
we should note that a proportion of the sample had never cycled despite seemingly having access to a cycle. Moreover, the data relating 
to respondents’ travel patterns (Table F, Supplementary Information) do seem to reflect those of the UK population (Department for 
Transport, 2022). To address potential sample biases, one avenue for future research would be to conduct in-depth psychometric 
analyses of the survey items – for example, fitting a possible bifactor model to the data – to ascertain the most parsimonious version of 
the survey for future administration. Many of the items we included in the survey, such as those relating to the cyclists’ physical and 
psychological capabilities, are highly novel, but did not emerge as significant predictors in the final model, and so further exploration 
of the predictive value of these factors is warranted. 

The survey we administered was extensive: the average completion time was approximately 30 min, which might have prompted 
the low completion rate. Although the sample size is adequate, it is on the lower end of the spectrum when considering the complexity 
of the model. The same model, when fitted with a larger sample would yield higher power, which would be more desirable. Another 
potential limitation of the survey is the response formats for our cycling frequency measures. For example, we asked children and 
parents to indicate the frequency with which they travelled journeys of two miles or less by indicating ‘Never’, ‘Occasionally’, 
‘Frequently’ or ‘Very Frequently’. Such response categories are open to interpretation and may consequently be imprecise. However, 
there is recent evidence to show that recall of highly personal information (e.g., parents’ recall of their children’s dental treatment over 
a 2-year period (Stormon and Sexton, 2023)) is poor, so broad response categories may be less prone to biased estimates than those 
requiring numerical approximations. Moreover, our combination of multiple cycling frequency self-report items into one composite 
measure may have mitigated this, by reducing overreliance on participants’ estimates for individual items; retrospective recall of 
physical activity is often inaccurate (Welk et al., 2014). Nonetheless, it would be prudent to combine data obtained from different 
response scales in future studies, and these would ideally be reconciled with GPS recordings of cycling behaviour. 

Similarly difficult to explain is that reflective motivation to cycle did not contribute significantly to the children’s cycling fre-
quency, despite its retention in the model. When we removed this factor from the model, the model did not fit the data. This could 
mean that this is still an important variable, but the relationship is not significant, due to sample size or other covariances. Nonetheless, 
the final model enables us to establish this contrast between this non-significant relationship and the significant relationship of 
automatic motivation (i.e., participants’ affective judgments) with the DVs. Therefore, we retained reflective motivation, not least 
because it makes theoretical sense to do so. Nonetheless, previous research suggests that such deliberative attitudes commonly in-
fluence active travel mode choices, in adolescents and adults (Fitch et al., 2019; Kamargianni and Polydoropoulou, 2013; Heinen et al., 
2011; Swiers et al., 2017), although it may be prudent to explore the relative contributions of reflective motivation and affective 
judgements (i.e., automatic motivation) to children’s cycling frequency in future. To achieve this, qualitative approaches such as 
interviews would also be worthwhile. 

We would also have preferred to have seen the intermediate models converge. When the models were run without indicating the 
ordinal nature of the items, they converged. So clearly the ordinal nature of the items interfered with the convergence. This could have 
been further exacerbated by the possibility that the participants were similar to some degree; for example, almost all of the children 
owned a cycle or had shared access to one, within or outside of their households. The reliability coefficients were large enough to 
indicate the internal consistency of the factors. However, the combination of the similarity of participants and the ordinal scale of the 
data might have interfered with convergence. 

Finally, we acknowledge that structural equation modelling is a reductionist technique that may fail to capture nuances in the data. 
For example, previous studies have shown that a multitude of factors – personal, social, and environmental – influence children’s 
cycling behaviour e.g., 20-22, 24-29, and so the picture is likely to be more complex than our final model suggests. For example, a child’s 
negative attitudes (automatic motivation) towards using their first bicycle might have influenced their parents’ decision not to buy them 
another one when they outgrew that bicycle – which would almost certainly result in reduced access to a bicycle. Conversely, if the 
child exhibited a positive attitude towards cycling from a young age, and therefore cycled frequently during their early years, this 
might prompt their parents to replace the outgrown bicycle – thereby providing the child with access to a bicycle. There are many other 
nuanced relationships that might benefit from a more microscopic analysis. For example, parents of young children living in built-up 
areas surrounded by fast roads and no accessible green spaces may decide not to purchase bicycles for their child for these reasons. 
Hence, availability of a bicycle is one of several factors in the model that could be directly related to the child’s automatic motivation 
or entirely independent of it; many similar interrelationships may exist in our data. However, we will explore these interrelationships 
in follow-up interviews with parent and child survey respondents. 

Considering the parents’ influence on their child’s cycling behaviour, and that access to a cycle determined the parents’ cycling 
frequency, appropriate interventions may be those that facilitate parental access to cycles, such as cycle share schemes; a more in-
clusive approach to such schemes has recently been called for in the UK (Armstrong, 2022). The apparent influence of close friends on 
parents’ cycling behaviour in the present analysis suggests that interventions designed to change social norms for cycling may also be 
an important catalyst for active travel behaviour change in parents and carers, which could, in turn, promote changes to social norms 
for their children; there is evidence that this can increase active school travel (Ross and Wilson, 2021). Driving, walking, and taking a 
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bus are all more popular modes of transport than cycling for adults in the UK (Department for Transport, 2022). Providing parents and 
carers with easier access to cycles, and to group cycle training – a format that is not widely available for UK adults (The Bikeability 
Trust, 2023) – may shift these norms in favour of cycling. 

4.2. Conclusion 

Children’s cycling frequency is strongly influenced by their parents’ cycling behaviour, as well as their own affective judgements 
regarding cycling on roads. Access to a roadworthy cycle may also influence children’s and parents’ cycling behaviour. Given the 
diversity of the present sample, these findings may be generalisable to the wider UK population. Hence, we tentatively propose that 
interventions designed to increase children’s and parents’ habitual cycling behaviour, and to improve their attitudes towards cycling, 
may be particularly effective vehicles for behaviour change vis-à-vis active school travel and physical activity. 
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