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Dorothea M. I. Schönbach and Margarida Gaspar de Matos

Prevalence of Physical Activity among Adolescents from 105 Low, Middle, and High-Income 
Countries
Reprinted from: Int. J. Environ. Res. Public Health 2020, 17, 3145, doi:10.3390/ijerph17093145 . . . 91

Senlai Zhu, Jie Ma, Tianpei Tang and Quan Shi

A Combined Modal and Route Choice Behavioral Complementarity Equilibrium Model with 
Users of Vehicles and Electric Bicycles
Reprinted from: Int. J. Environ. Res. Public Health 2020, 17, 3704, doi:10.3390/ijerph17103704 . . . 103
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Silva, André O. Werneck, Sayuri Dantas, Gerson Ferrari, Thiago H. Sá and Danilo R. Silva
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Abstract: Physical activity (PA) is suggested to have a protective effect against depression. One way
of engaging in PA is through active commuting. This review summarises the literature regarding the
relationship between active commuting and depression among adults and older adults. A systematic
review of studies published up to December 2019, performed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis guidelines, was conducted using three
databases (PubMed, Scopus, and Web of Science). A total of seven articles were identified as relevant.
The results from these studies were inconsistent. Only two presented a significant relationship
between active commuting and depression symptoms. In those two studies, switching to more active
modes of travel and walking long distances were negatively related to the likelihood of developing
new depressive symptoms. In the other five studies, no significant association between active travel
or active commuting and depression was found. The relationship between active commuting and
depression symptoms in adults is not clear. More studies on this topic are necessary in order to
understand if active commuting can be used as a public health strategy to tackle mental health issues
such as depression.

Keywords: active travel; walking; cycling; mental health

1. Introduction

Depression is a mental health problem that affects more than 300 million adults worldwide [1].
The prevalence of depression has been rising globally, and it was projected to be the second-largest
cause for the burden of disease by 2020 [2]. Depression is already the greatest non-communicable
disease contributing to the loss of health [1], due to its association with comorbidities [3], risk of
suicide [4], and premature mortality [5]. Most cases of depression are treated using pharmacotherapy
and psychotherapy [6,7]. However, both types of therapies are expensive and increase health costs for
health care systems [8].

Physical activity (PA) is suggested to have a protective effect against depression and a positive
effect on the treatment of depression in non-clinical and clinical populations, regardless of sex and

IJERPH 2020, 17, 1041; doi:10.3390/ijerph17031041 www.mdpi.com/journal/ijerph
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age [9,10]. As non-pharmacology therapy, PA does not show drug side effects such as weight gain,
insomnia, dry mouth, or withdrawal symptoms [11]. On the contrary, besides the positive benefits on
depression, it is also associated with positive public health gains such as physical performance and
cardiovascular improvements [11].

PA can be performed in several contexts, including sports activities, occupational context,
leisure-time activities, domestic activities, and in active commuting. For some adults, walking or
cycling while commuting to work or to other places seems to be important for enhancing their daily
levels of PA [12,13], because is likely to be sustained when incorporated into people’s daily routine [14].
As a result, active commuting has been related to health and wellbeing improvement [15,16] and
associated with fewer transport-related carbon emissions [17]. Thus, it can be expected that commuting
actively might also be related to depression symptoms. However, so far, there is no clear evidence
of the relationship between active travel or active commuting and depression symptoms. Therefore,
the purpose of this study was to review the literature regarding the relationship between PA in active
commuting and depression among adults and older adults.

2. Materials and Methods

This systematic review was performed in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines [18].

2.1. Inclusion Criteria

Articles that presented a relationship between active travel and active commuting and depression
symptoms published in peer-reviewed journals up to December 2019 were eligible for inclusion.
Eligibility criteria included the following: (1) cross-sectional, prospective, and cohort studies (study
design criterion); (2) outcomes included depression or depressive symptoms (outcome measure
criterion); (3) active travel or active commuting (relationship criterion); (4) adults and older adults
(participants criterion); (5) articles published in English, Portuguese, or Spanish (language criterion);
and (6) articles that did not meet the inclusion criteria or did not include findings related to the
inclusion criteria were excluded (exclusion criteria).

2.2. Search Strategy

Studies published up to December 2019 were identified by searching in electronic databases.
The search was undertaken in the PubMed, Scopus, and Web of Science databases. Articles that
assessed the relationship between active travel or active commuting and depression were included in
this review. The search was performed using the following combination of terms: travel* OR transport*
OR commute* OR cycle OR cycling OR bicycle* OR bike* OR walk* OR/AND depress* OR mental
health OR psychological health OR anxiety OR psychological function*. Search terms were defined
previously and used in each database to identify articles for review. Two reviewers (A.M. and M.P.)
independently screened titles and abstracts to identify studies that met the inclusion criteria. Duplicate
articles were removed. Relevant articles were retrieved for a full read. Two authors (A.M. and M.P.)
reviewed the full text of potential studies, and decisions to include or exclude studies in the review
were made by consensus. Disagreements were solved by consensus and, when necessary, a third
reviewer served as a judge (D.H.-N. or D.F.).

2.3. Data Extraction and Harmonisation

Based on PRISMA [18], a data extraction form was developed. The following information
was extracted from each article: authors’ name and year of publication; study design; country;
sample characteristics (number of participants, sex, and age); the instrument for assessing depression
symptoms; the instrument for assessing active travel or active commuting; main results; and study
quality. The extraction was performed by one author (A.M.), and coding was verified by two authors
(M.P. and D.H.-N.).
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2.4. Study Quality and Risk of Bias

Study methodological quality was assessed using a checklist criteria from the Quality Assessment
Tool for Quantitative Studies [19]. The checklist comprises 19 items, assessing eight methodological
domains: selection bias, study design, confounders, blinding, data collection methods, withdrawals
and dropouts, intervention integrity, and analyses. Each section is classified as strong, moderate, and
with weak methodological quality. Then, a global rating is determined based on the scores of each
component. Two researchers rated the articles (M.P. and D.F.) in each domain and the studies’ overall
quality. Discrepancies were resolved by consensus.

2.5. Synthesis of Results

This review analysed the relationship between active travel or active commuting and depression.
The details for each study, including design, participant characteristics and sample size, measures,
main results, and study quality, are presented in a consistent manner.

3. Results

3.1. Search Results

Figure 1 presents the flow citation through the systematic review process. The systematic search
yielded 3938 publications. After excluding the duplicates (n = 2246), the title and abstract of 1692
articles were screened. After eliminating 1606 articles at the title and abstract level, 86 articles remained
and were subsequently read. From the 86 articles, 35 were eliminated for having a different outcome,
40 were eliminated because they were not focused on active travel or active commuting, three were
eliminated for not being empirical studies, and one was deleted because it was written in Mandarin.
Thus, seven articles were identified as relevant.

Figure 1. Flow diagram of study selection.

3.2. Study Characteristics

Table 1 presents the studies’ characteristics. From the seven articles, five had prospective designs
and two had cross-sectional designs. In total, all studies combined included 47,300 adults aged over
18 years. Geographically, two were performed in the United States; two in Japan; one in Canada;
one in the United Kingdom; and one in several Latin American countries (Argentina, Bolivia, Brazil,
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Colombia, Ecuador, México, Panamá, Peru, Uruguay, and Venezuela). The Center for Epidemiologic
Studies Depression Scale (CES-D) was the most used scale to assess depression symptoms (in five
articles). In most articles, the walking distance was self-reported and included leisure time and active
commuting. The seven studies were considered of moderate quality.

The older study included in the systematic review was published in 2010, and it examined the
effect of walking on incident depressive symptoms in Japanese-American older men with and without
chronic disease [20]. The authors used a cohort of men from Hawaii born between 1900 and 1919.
Several rounds of examinations were performed; the seventh (which was used in the study) was in
1999–2000. The CES-D 11 scale was used to screen for depressive symptoms, and walking activity
was self-reported. It was found that older men, without chronic diseases, in the intermediate (odds
ratio (OR) = 0.52, 95% confidence interval (CI): 0.32–0.83) and highest (OR = 0.61, 95% CI: 0.39–0.97)
walking groups had significantly lower odds of developing eight-year incident depressive symptoms.

Posteriorly, using a one-year follow-up longitudinal survey, Kai et al. [21] examined the prospective
association of walking to work with depressive symptoms among 634 Japanese workers. Depression
symptoms were screened by the CES-D scale, and walking activity was self-reported. The authors
reported that baseline mean walking to work time was 29.2 ± 18.0 min per day. Walking to work
tertiles were calculated; mean values of the low, medium, and high walking to work time tertiles were
13.8 ± 7.0, 29.6 ± 1.9, and 49.7 ± 16.1, respectively. No significant association was found between the
depressive symptoms and tertiles of walking to work duration.

In an effort to determine whether walking or depressive symptoms were the stronger predictor of
each other, Julien et al. [22] examined the longitudinal associations between walking and depressive
symptoms in a population-based sample of 498 Canadian urban-dwelling older adults. Four repeated
measures over a five-year period were performed. The geriatric depression scale was used to assess
depressive symptoms, and walking was self-reported. Although depressive symptoms predicted
walking frequency, walking frequency did not predict depressive symptoms at subsequent time points.

Later, a cross-sectional study based on the National Survey of American Life investigated the odds
of having depressive symptoms accordingly to walking frequency in 2978 African-American adults [23].
Walking was measured by self-reported frequency, and depressive symptoms were measured with
modified versions of the CES-D scale. In this study, women who reported walking often presented
lower odds for depressive symptoms than women who reported never walking (OR = 0.56, 95% CI:
0.38–0.82); however, no significant results were found for men.

In the same year, Kuwahara et al. [24] published a cohort study of 29,082 Japanese workers,
examining the prospective associations of physical activity during commuting with the risk of
depressive symptoms. During a mean follow-up of 4.7 years, 6177 adults developed depressive
symptoms. Physical activity and depressive symptoms (similar to the CES-D scale) were assessed by a
self-reported questionnaire. The hazard ratio (HR) for individuals who stand or walk during work
was 0.86 (95% CI: 0.81–0.92) compared with sedentary workers. However, walking to and from work
was not found to be associated with the risk of depressive symptoms.

More recently, Knott et al. [25] examined whether changes in commute mode were associated with
differences in the severity of depressive symptoms in 5474 working adults from the United Kingdom
in a population-base prospective cohort study (mean follow-up, 4.65 years). Mode, frequency, and
distance of commuting to work were self-reported. The severity of depressive symptoms was assessed
using the two-item Patient Health Questionnaire. Baseline asymptomatic adults who altered from
inactive to active commuting to work reported less severe symptoms at follow-up than those who
remained inactive (β = −0.10, 95% CI: −0.20–0.00). However, among baseline symptomatic adults,
longer trips for work were associated with worse symptoms at follow-up (β = 0.64, 95% CI: 0.13–1.16).

The most recent study examined the cross-sectional associations between commute patterns and
mental health in 5438 adults using survey data from 11 Latin American cities [26]. Commuting was
self-reported, and depression was measured using the CES-D scale. No association was found between
non-motorised modes of travel and depression.
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4. Discussion

This review summarises studies, published up to December 2019, which met the defined criteria.
Seven studies were systematically reviewed to address the relationship between active commuting
and depression symptoms. In general, although some studies demonstrate that active commuting
might be negatively related to depression symptoms, the evidence suggests that the active commuting
and depression relationship is unclear.

From the seven studies screened, only two presented a significant relationship between active
commuting and depression symptoms. In those two studies [20,25], switching to more active modes
of travel and walking long distances were negatively related to the likelihood of developing new
depressive symptoms. When examining the effect of walking on incident depressive symptoms
in older men, Smith et al. [20] observed that those who walked more had lower rates of prevalent
depressive symptoms and that those with chronic diseases who walked longer distances per day were
less likely to develop eight-year incident depressive symptoms. Furthermore, the authors suggested
that there seems to be a threshold effect in the protective effect of walking on the development of
incident depressive symptoms, as few differences were found between the intermediate and high
walking groups. This finding is of importance, especially for older adults who have more difficulties in
engaging in high volumes of physical activity. More recently, using data from the UK Biobank, a study
investigated whether changes in commute mode were associated with differences in the severity of
depressive symptoms [25]. It was found that adults who altered from inactive to active commuting to
work reported less severe symptoms at follow-up than those who remained inactive. This suggests that
commuting behaviours change matters, and thus, active commuting may be used as an intervention
strategy to prevent the development of depressive symptoms. Previous investigations in physical
activity have shown that, for health purposes, present behaviours may be more important than past
behaviours [27]. Active travel offers a suitable way of integrating PA into daily life, and those who
use active modes of commuting have higher levels of PA [12,13]. As a result, people who often use
more active ways to travel might have better health status [15–17]. Hypothetically, it means that
active commuting can also have a protective effect on depression symptomology or reduce depression
symptoms [9,10]. However, different types of PA have different effects on mental health status.

Among adults, there is evidence that leisure-time PA is more related to mental health problems,
and specifically to depression, than other forms of PA [28–30]. In five out of seven articles, a
significant relationship between active commuting and depression symptoms was not found [21–24,26].
Cross-sectional evidence from two studies showed that the association between active commuting
and depression is not consistent. In one study, performed among Latin American adults, it was found
that non-motorised modes of travel were not associated with depression [26]. On the other hand,
a study among African-American adults reported that, while women who reported walking often
presented a lower probability for depressive symptoms than women who reported never walking, the
same pattern was not observed in men [23]. In order to prevent an increase in depressive symptoms,
physical activity may need to improve fitness [31]. However, walking in many cases is probably
not performed at a high enough intensity to improve fitness. This difference between sexes may be
due to a large percentage of African-American women being obese and, thus, having lower exercise
capacity [23]. This can lead to walking being a more intense physical activity among African-American
women compared to African-American men. The other three studies had a longitudinal design and, in
general, concluded that walking was not associated with depressive symptoms at follow-up [21,22,24].
In a one-year follow-up longitudinal survey performed among Japanese workers, it was found that
depressive symptoms were not associated with tertiles of walking to work durations [21]. Similarly,
in a cohort study with a mean follow-up of 4.7 years also among Japanese workers, walking to and
from work was not related to the risk of depressive symptoms [24]. Lastly, a study among Canadian
older adults verified that, while depressive symptoms predicted walking frequency at subsequent
time points, walking frequency did not predict depressive symptoms [22]. The lack of a significant
relationship between active commuting and depression symptoms in these articles are in agreement
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with previous studies among men and women, which showed that walking distance was not related to
depression symptoms [32–34]. For those who use an active mode of transportation, transit connectivity
matters more for mental health than active travel [26,34]. Furthermore, there is a difference between
walking and cycling as a mode of active transportation. Most studies focus on walking as a way of
active transportation. Those who usually walk as an active mode of transportation undertake at a lower
intensity than cycling [34,35]. This is of particular importance, because PA intensity is a determinant of
health. Thus, perhaps in some studies, the level of PA intensity while walking was too low to cause
effects on mental health and depression symptoms.

Inconsistent findings identified in this systematic review can be a reflection of the different
methodologies used and the different geographical areas and social contexts examined. Measures of
active commuting widely varied from study to study, although all were self-reported. Some studies
focused on volume [20,21,24], others on frequency [22,23]; one study focused only on the mode
of commuting [26] and another one examined the transition from non-active commuting to active
commuting [25]. The type of active commuting also differed among studies. Most investigated only
walking [20–24], while two studies investigated active commuting without specifying the type [25,26].
Additionally, the context of the commuting was different among studies. Three studies referred to
commuting to and from work [21,24,25]. The others did not specify the context of commuting. Due to
this, comparability among studies is very limited. Regarding physical activity and active commuting
volume and frequency are important information. Results may differ based on these variables.
Although some studies examined volume or frequency, they used different time frames. Studies
rarely consider both volume and frequency together. Another important aspect for comparability
of the results is the type of active commuting, mainly because different types of commuting (e.g.,
walking versus cycling) have different intensities and volumes associated to them. Future studies
should include frequency and volume and be as specific as possible when analysing active commuting.
Preferably, similar methods should be used among studies to improve comparability. In addition to
the studies being undertaken in different geographic areas and using different ways to measure active
transport, it is important to mention that different scales were used to assess symptoms of depression.
The use of different scales between the articles may also have contributed to the inconsistency of the
results that were observed.

The social and built environment is an important factor to be considered in mental health.
The neighbourhood socioeconomic level and built-environment characteristics are associated with
a higher probability of screening positively for depression [36]. Walking or cycling in some
built-environments can contribute to the development of depression symptoms [26,36]. Furthermore,
for some people, active transportation is the only mode of transportation, because they do not have a
car or access to mass transit options. In these cases, an active mode of transportation is not an option,
it is a mandatory condition. As a result, transport exclusion is associated with social exclusion, which
might increment potential mental health problems such as depression [37].

These study review findings should be considered in light of some limitations. Firstly, in all
screened articles, the information on commuting and depression was self-reported, which may be
subject to bias. Moreover, self-reported PA may have led to overestimates of total PA. Secondly, several
articles do not make a clear distinction between active transport as a form of displacement and active
transport as a form of leisure (e.g., walking for leisure). This lack of distinction precludes a more
rigorous analysis of the relationship between active transport and depression symptoms. Thirdly,
some studies were focused on specific populations, such as Japanese-American older men in Hawaii,
African-American adults, or workers. This may compromise the generalisability of the results to
the general population. Finally, two studies were cross-sectional, which makes it impossible to infer
causality. Finally, search terms were selected to identify articles that associate active transportation
and depression symptoms. Nevertheless, several articles were subsequently excluded, because neither
the title nor abstract contained terms that could be associated with active travel or active commuting.
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5. Conclusions

This systematic review shows that the relationship between active commuting and depression
symptoms in adults and older adults is inconsistent. Overall, out of seven studies, only two found
beneficial effects of active commuting on depression symptoms. Active commuting improves daily PA
levels, which is known to be related to depression symptoms. Thus, hypothetically, active commuting
could be related to depression. However, five studies did not find a significant relationship between
active commuting and depression symptoms. More studies on this topic are necessary in order to
understand if active commuting can be used as a public health strategy to tackle mental health problems
such as depression. Future studies should include frequency and volume and be as specific as possible
when analysing active commuting. Preferably, similar methods should be used among studies to
improve comparability. Furthermore, future studies should be more specific regarding the context
of commuting.
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Abstract: Since walkability plays an important role in active commuting, several cities are actively
promoting its integration into urban and environmental planning policies. This study examined
the association between walkability and active commuting in Seoul, Korea. A multilevel logistic
regression model was used to examine the correlation between Walkability Score and the probability
of active commuting after controlling for individual variables. The analysis used 129,044 individual
samples nested within 424 administrative districts (dongs). In this study, three models were tested:
Model 1 contained only individual variables, Model 2 contained individual variables and Walkability
Score, and Model 3 included neighborhood-level variables in addition to the variables of Model 2.
The results showed that the Walkability Score was significantly correlated with the odds of active
commuting. Specifically, every additional one-point increase in Walkability Score was associated with
0.3% higher odds of active commuting (Model 2: odds ratio (OR) = 1.003, 95% confidence interval
(CI) = 1.001–1.005; Model 3: OR = 1.003, 95% CI = 1.001–1.006). Additionally, public transportation
density was also positively correlated with the odds of active commuting. The odds of active
commuting were positively correlated with younger age, female, lower-income, and having no car.
Based on the findings, policy recommendations in urban planning and design, transport engineering,
and environmental planning are provided.

Keywords: active commuting; walking; cycling; Walk Score; Walkability Score, multilevel logistic
regression model; geographic information system (GIS); Seoul

1. Introduction

Active commuting (e.g., walking and cycling to work or school) has numerous advantages. It is a
cost-effective transportation mode, being an affordable means of transportation with little maintenance
required [1]. Reduced car use due to active commuting can lead to a decrease in air pollution and traffic
congestion, and more efficient use of urban land due to a reduction in parking lots [2–4]. Moreover,
active commuting has several health benefits, including increasing physical activity [5] and promoting
mental health [6–8], and reducing obesity [9], cardiovascular diseases [10–12], type 2 diabetes [13],
cancers [10,12], and all-cause mortality [10,14,15]. Avila-Palencia et al. have examined the relationship
between bicycle commuters and perceived stress in Barcelona, Spain. After controlling for individual
and environmental variables, their study found that bicycle commuters who commuted by bicycle
for more than four days a week were less stressed than non-bicycle commuters [6]. Avila-Palencia
extended her study with colleagues to test transport mode and mental health and social cohesion
in seven European cities. She found that walking was associated with good self-perceived health,
higher vitality, and more frequent contact with family/friends, and cycling was correlated with good
self-perceived health, higher vitality, less perceived stress and loneliness [7]. Likewise, a study
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conducted by Zijlema et al. has examined the association between active commuting through natural
environments and mental health. They collected data using questionnaires from Spain, the Netherlands,
Lithuania, and the United Kingdom, and used multilevel models at the city and neighborhood levels.
They found a strong association between active commuting through natural environments and mental
health [8].

Several studies have used health outcome variables rather than mental health measures as
health indicators. Celis-Morales et al. examined the relationship between active commuting and
cardiovascular disease, cancer, and all-cause mortality. They used data from UK Biobank, which was
recruited from 22 sites across the UK. They found that active commuting was associated with a
lower risk of cardiovascular diseases, cancer, and mortality [10]. Blond and Rasmussen with their
colleagues focused on the effects of cycling on health promotion and conducted two empirical studies.
They conducted their studies in Danish adults and collected data from the prospective cohort study,
“Diet, Cancer, and Health”. They found that cycling was associated with lower risks of coronary heart
disease [11] and type 2 diabetes [13]. Andersen and colleagues have also focused on cycling as active
commuting in Copenhagen, Denmark, and found cycling to work was associated with a lower risk of
mortality [14].

Meanwhile, there have been studies that calculated the benefits of active commuting in monetary
values. One report from Public Health England estimated that the economic cost of physical inactivity
to the National Health Service in England is more than ₤450 million (approximately US $586 million) a
year [16]. The British government has also reported that achieving their policy targets for walking and
cycling could save ₤567 million (approximately US $740 million) a year on air quality [17].

Seoul is the most urbanized city in Korea. It has chronic urban problems typical of several
megacities, such as long commuting distance and times, heavy traffic congestion, and severe air
pollution, which are mainly caused by high levels of car dependence. The active commuting (e.g.,
walking and cycling) of Seoul was 28.0% in 2015 of the total commuting trip [18,19], which indicates
the majority of commuting in Seoul is dependent on motorized commuting. This is causing societal
costs in various areas, including environmental and public health, as discussed earlier. To address
this, the city of Seoul recently proposed a number of urban policies to promote walking and cycling.
Specifically, Seoul suggested a project titled, “Walkable City, Seoul” and “Two-wheel Seoul”, whose
main objective is to create a safe and convenient walking and cycling environment not only for reducing
social costs by decreasing the number of cars but also to enhance citizens’ health. A lot of projects have
been promoted since 2016 including “Safe Walking Street for Children” to expend Children Protection
Zone and Speeding Warning Signs, and a “Road Diet” project to reduce roadway and expanding the
pedestrian road. Also, the city of Seoul is creating a pedestrian-oriented traffic environment thorough
maintaining and connecting pedestrian roads. To promote cycling, Seoul is expanding bike-related
infrastructure such as cycle lanes and bike-rental stations, and also operating Seoul’s public bicycle
sharing system, “Ddareungi”, to encourage the greater use of bikes as a means of transportation [20].

It is often said that the neighborhood environment is important for promoting active commuting.
Some evidence suggests that the built environment is associated with walking and cycling for
transportation. A higher level of active commuting is associated with higher levels of street connectivity,
population density, mixed land use, and public transportation density [21–26]. More specifically,
walkability is positively correlated with walking and cycling by commuters. The walkable environment
can help encourage people who commute short distances to walk or cycle. The walkable environment
also induces people who commute using public transport to walk or cycle to where they access
transportation (e.g., bus stops and subway stations) [25,27,28].

Numerous studies have focused on the measurement of environmental walkability, using
objectively measured indices in particular [29–36]. These indices are all measured using geographic
information systems (GIS), and the typical ones are Walkability Index, Moveability Index, Walk Score,
Pedshed, and Pedestrian Environment Index. The Walkability Index included elements such as
residential density, retail floor area ratio, street connectivity, and land-use mix [33,35]. Moveability
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Index derived from the concept of the Walkability Index, an index that has been widely used in
recent years. This includes elements of street connectivity, destination density, and the level of
urbanization [31,32]. Pedshed is another index of walkability for the pedestrian catchment, calculated
from the network/Euclidean buffer ratio [30]. The Pedestrian Environment Index is a newly developed
index to measure pedestrian friendliness, calculated with four components including land-use mix,
population density, commercial density, and intersection density [36].

One such index, Walk Score, is a popular measure which several empirical studies have
used [37–40]. The Walk Score calculates access to nine types of utilitarian destinations including grocery
stores, restaurants, shopping centers, coffee shops, banks, parks, schools, bookstores, and places of
entertainment in a given area. In addition, the area may receive a penalty for having poor pedestrian
friendliness (e.g., intersection density and average block length). The final score ranges from 0
(car-dependent) to 100 (walker’s paradise) [41]. The Walk Score has the disadvantage of mainly
measuring the accessibility of amenities and not measuring the qualitative factors of the urban
environment. Therefore, some studies have conducted analyses comparing the Walk Score to other
indices to verify its validity and reliability, and found that the Walk Score is suitable for use as a
measure of environmental walkability [39,42].

A growing body of literature has found that Walk Score had positive associations with walking in
communities [43–48]. Most of these studies have been conducted in the United States and Canada,
where Walk Score data is available [49]. Some studies have been conducted to develop data in areas
where no data is currently available on the Walk Score website [50]. Reyer et al. assessed the level of
walkability in Stuttgart, Germany, using the Walk Score algorithm. They found a significantly positive
relationship between Walk Score and active transportation (e.g., the walked distance for transport per
week, the minutes of walking for transport per week, and the number of walking trips per week) after
controlling for socioeconomic factors at the individual level [48]. Recently, Kim et al. also assessed the
walkability level of Seoul, Korea by adapting the Walk Score methodology [51]. They found a positive
association between Walk Score (in their study, “Walkability Score”) and pedestrian satisfaction.

As in the empirical studies of the United States, Canada, and Germany [43–48], do people who
live in areas with a higher level of walkability walk and bike more than those who live in areas
with a lower level of walkability in Seoul, Korea? There are some previous studies from Asian
countries similar to this topic, however, most focused on either promoting physical activity for
older adults [52–55], or using survey/interview-based measurement of walkable environments [56,57].
Most importantly, there has been little research on the association between walkable environments
and active commuting. Like Seoul, many Asian cities are in highly dense urban form, and most
of the population is concentrated in big cities which leads to lacking space for physical activity.
Especially for highly dense cities, promoting active commuting could be a realistic way to prevent
physical inactivity. However, objectively measured indices measuring the level of walkability based
on the built environment are mostly developed from Western countries, therefore works in Asian
countries are lacking in spite of the necessity of investigation. Therefore, we consider our research
question is timely and appropriate as the importance of walkable neighborhood environments on
promoting a daily based physical activity is arising in literature. The purpose of this study is to examine
if the walkable environment correlates with active commuting (e.g., walking and cycling) in Seoul.
It also acts as a validation check on the applicability of the Walkability Score for assessing the level of
neighborhood walkability in Seoul. In this study, the following hypothesis is tested: Areas with more
walkable environments have correlation with higher odds of walking and cycling to work and school (e.g., active
commuting) than areas with less walkable environments.
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2. Materials and Methods

2.1. Study Area

Seoul is the capital of Korea, located in the northwest of the country. It has the highest population
density (16,364 persons/km2) in Korea [58]. Therefore, solving its transportation problems including
traffic congestion, air pollution due to heavy traffic is of primary importance. Recently, the city of
Seoul has been heavily promoting policies to encourage walking and cycling as one of the city’s
major issues under the project called “Walkable City, Seoul” [20]. Meanwhile, a recent study has
measured the Walkability Score in Seoul [51], while there have been no such cities that have assessed
the walkability levels in Korea yet. In other words, since there exists a walkability dataset for Seoul,
it is straightforward to conduct research on the city. In addition, it has been more than 3 years since
the city of Seoul promoted “Walkable City, Seoul” as one of the major policies, however, there is little
research on the correlation between environmental walkability and active commuting in Seoul.

2.2. Variables: Data

2.2.1. Individual-Level Variables

• Outcome measure: travel mode of commuting (non-motorized /motorized commuting)

This study used the ‘travel mode to work and school’ data from the 2016 Household Travel Diary
Survey of the Korea Transport Database as its dependent variable (Table 2). This mode includes
commuting transport and is extracted by home-based origin or destination [59]. The Household Travel
Diary Survey defines four types of travel purpose: work, school, shopping, and leisure. Only the cases
of travel to work and school were extracted, which include walking, cycling, public transit (e.g., bus,
subway), and private automobile. This study excluded the cases of a commuter using multiple modes in
a trip. We dichotomized the variable into 1 for non-motorized transport (“walking” and “cycling”) and
0 for motorized transport (“public transit” and “private automobile”). In total, 129,044 commuter trips
were analyzed. Approximately 44.0% of respondents took walking and cycling trips for commuting
purposes while the remaining 56.0% used public transport and private automobiles.

• Socioeconomic status

Individual variables included were age, gender (male/female), income level, and car ownership
(no/yes), also sourced from the 2016 Household Travel Diary Survey [59]. The mean age was 37.6
(standard deviation (SD) = 15.5) and the mean income level was 4.0, which equates to a monthly
income of 3–5 million won (approximately US $2727–4545). Approximately 56.3% of the respondents
were male (female: 43.7%), and 71.9% of respondents owned a private automobile.

2.2.2. Neighborhood-Level (Dong-Level) Variables

• Walkability Score (key independent variable)

This study used the Walkability Score from Kim et al. [51] as an independent variable,
which measures Seoul’s walkability level using the Walk Score algorithm. The Walkability Score
was derived by dividing the entirety of Seoul, except for the greenbelt and the Han River, into
100 × 100 m grid cells and calculating the score for a center point of each grid cell. As shown in Table 1,
the Walkability Score is derived by considering accessibility to nine amenity facilities and pedestrian
friendliness. Information on details such as the calculation method and descriptive statistics of outputs
can be found in the study by Kim et al. [51].
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Table 1. Categories, measures, and data source for the Walkability Score calculation.

Category Measure Data Source

Distance to amenity

Grocery
Seoul Open Data Plaza [60]

Restaurants

Shopping Road Name Address [61]

Coffee Seoul Open Data Plaza [60]

Banks National Spatial Data Infrastructure Portal [62]

Parks

Road Name Address [61]Schools

Books

Entertainment Website of three major cinemas [63–65], Open Data
Portal [66], and Road Name Address [61]

Pedestrian Friendliness
Intersection density

National Spatial Data Infrastructure Portal [62]
Average block length

The original contents of this table are came from Walk Score methodology [41] and Table 1 of Kim et al. [51], and they
were newly edited here.

Seoul consists of 424 administrative districts (“dong” in Korean), which are used as the
neighborhood-level units in this study. The Walkability Score, measured at the grid point-level
(N = 44,000), was then aggregated at the dong level (N = 424) for analysis (Figure 1). The mean
Walkability Score of the 424 dongs was 68.2 (SD = 9.8; Table 2).

 
(a)                                       (b) 

Figure 1. Walkability Score of Seoul: (a) Walkability Score at grid point-level (N = 44,000; Source: [51]);
(b) Walkability Score at dong level (N = 424); Areas marked with null values in Figure 1a (greenbelt
and Han River) are not included when calculating the Walkability Score for each dong in Figure 1b.

• Additional neighborhood environmental factors

Additional environmental variables analyzed include land use mix, residential density, and public
transport density. Some studies have found that land-use mix is significantly associated with walking
for transport [26,67]. Therefore, this study included the land-use mix variable that measures the
mixture of residential, commercial, industrial, and greenspace. It is measured by an entropy index
ranging from 0 to 1, where 0 is single land use and 1 is perfect mixing within the land-use types.
Residential density (i.e., number of residential units per square meter) is considered an environmental
factor because it is the most commonly used index to measure urban form that is correlated with
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walking and physical activity [26,68–71]. Public transport use has also been found to contribute to
enhanced physical activity [25]. Therefore, public transport destination density (i.e., the number of bus
stops and subway stations per square kilometer) was also included as an additional neighborhood
environmental factor. Since the density of Seoul is very high, a lot of traffic occurs especially during
commuting. Therefore, the city of Seoul has built a very tightly knitted public transportation network
in and between bus and subway, and since 2004, the transfer fee between public transportations (e.g.,
subway to bus, bus to subway) is free of charge [72]. This had led to results in the use of public
transportation trips in Seoul; a combination of buses and subways. Therefore, in this study, we
calculated public transport density by combining bus stops and subway stations. All environmental
variable data were collected in 2017, measured at dong level, and captured using ArcGIS 10.6 (ESRI,
Redlands, CA, USA).
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2.3. Analytical Methods

Bivariate analysis was used to compare the differences between variables at the individual level and
neighborhood level by Walkability Score. Specifically, the t-test was employed for comparison of travel
mode types and urban forms between areas with higher walkability and areas with lower walkability.
A multilevel logistic model was used to examine the probability of non-motorized commuting
transport (e.g., walking and cycling for commuting trips) by considering both individual-level and
neighborhood-level (dong-level) variables. The analysis includes 129,044 individual commuters nested
within 424 dongs using a two-level structure (individual: level 1, dong: level 2). Two-level logistic
regression analysis was performed using R (version 3.6.1).

3. Results

3.1. Bivariate Analyses of Walkability Score and Individual-Level and Neighborhood-Level Variables

3.1.1. Travel Mode Comparison between Groups by Level of Walkability Score

Figure 2 shows the proportion of non-motorized (walking and cycling) and motorized (public
transport and private automobile) commuters by the level of Walkability Score in Seoul. As shown in
Figure 2a, 56.3% of residents were walkers in very walkable areas, whereas only 52.2% were walkers
in car-dependent areas. Similar to this, almost 1.0% of people used a bicycle for commuting in very
walkable areas, while nobody (0.0%) cycled in car-dependent areas. The figure shows that the higher the
Walkability Score, the higher the proportion of people walking and cycling for commuting purposes.

 
(a) 

 
(b) 

Figure 2. The proportion of (a) non-motorized commuters; (b) motorized commuters.
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Conversely, Figure 2b illustrates that the proportion of public transit users in areas with higher
Walkability Score is considerably less than in car-dependent areas. The proportion of public transit users
dramatically decreased from 39.2% in car-dependent areas to 31.0% in very walkable areas. For the
proportion of private automobile users, an increase from 8.6% in car-dependent areas to 13.3% in
somewhat car-dependent areas, followed by a general decline to 11.7% in very walkable areas was found.

3.1.2. t-Test for the Comparison between Areas with High Walkability and Low Walkability Scores

As shown in Figure 2, higher proportions of walkers and cyclists in areas with higher Walkability
Scores were found than in areas with lower Walkability Scores. However, these results were not
statistically significant. Therefore, the mean difference between areas with higher walkability and
lower walkability are compared.

To do so, we classified the entirety of Seoul as either more walkable or less walkable. More walkable
areas were those with a Walkability Score≥ 50 (i.e., somewhat walkable and very walkable); less walkable
areas were those with a Walkability Score < 50 (i.e., car-dependent and somewhat car-dependent).
We then calculated the mean value for each dong. Of the 424 dongs, 395 had a mean Walkability Score
of 50 or more, and 29 dongs had a mean Walkability Score of less than 50.

Table 3 shows the results of the t-test between the two groups (high Walkability Score vs low
Walkability Score). There were significantly more walking trips for commuting purposes in the more
walkable areas (55.4%) than those with a less walkable environment (50.5%) at the 0.05 significance
level. However, the other three travel modes (cycling, public transport, and private automobile) had
no statistical mean differences between areas with high and low Walkability Scores.

Urban form variables of residential density and public transport density in the areas with a
more walkable environment (Walkability Score ≥ 50) were significantly higher than those with a
less walkable environment (Walkability Score < 50). This is consistent with the results of previous
studies [25,26,68–71]. With respect to land use mix, this study found contrasting results with those
of other studies [26,67]. Although proper land-use mix is generally known to increase the level of
active transport (e.g., walking and cycling), there is some contrary evidence suggesting that mixed-use
development in some high-density cities may not always produce a positive effect on walking and
cycling activities [75–77]. This is because high-density cities would reduce the chance for people
to undertake walking or cycling as people could move easily to another neighborhood by public
transportation [75,77]. Seoul is one the high-density cities; while the total area of Seoul constitutes
0.60 % of Korea, the total population was almost 19.04% (the total population of Seoul was 9,857,426) of
the national population as of 2017 [78], and having a good public transportation in the neighborhood.
This might be applied to Seoul, and our finding could contribute to this contrary evidence showing the
areas with higher Walkability Score had lower level of land use mix.

Table 3. t-Test results of the comparison between areas with Walkability Score equal or greater than 50
(N = 395) and areas with Walkability Score less than 50 (N = 29).

Variables

Dongs with Walkability
Score ≥50 (N = 395)

Dongs with Walkability
Score <50 (N = 29)

p-Values for
Difference

Mean SD Mean SD t p-Value

Travel Mode
Walking 55.4% 5.9% 50.5% 12.9% 2.1 0.049
Cycling 0.9% 1.0% 0.7% 1.0% 1.1 0.255

Public transport 30.7% 5.3% 32.2% 6.2% −1.4 0.149
Private automobile 13.0% 6.4% 16.7% 14.8% −1.3 0.196

Urban Forms
Land use mix 1 0.5 0.3 0.6 0.1 −6.4 0.000

Residential density 1 94.7 25.2 55.1 16.8 11.8 0.000
Public transport density 1 8.4 2.2 5.9 1.7 7.8 0.000

1 square root-transformed.
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3.2. Multilevel Analysis for Predictor of Non-Motorized Commuting Trips

To investigate the role of the walkable environment on the incidence of active commuting trips, we
employed a multilevel logistic regression model using two levels of data: individual commuter (level 1)
and dong (level 2). A total of 129,044 individuals nested within 424 dongs were used. Individuals
living in the same area (dong) share the same environmental conditions.

The results of the multilevel logistic regression model for the odds of non-motorized (walking
and cycling) commuting are presented in Table 4. Model 1 is the unconditional model with only
individual-level predictors, while models of 2 and 3 include neighborhood-level variables. As a
neighborhood-level variable, only the Walkability Score is considered in Model 2, and additional urban
form variables, as well as the Walkability Score, are included in Model 3. The Intraclass Correlation
Coefficient (ICC) shows that 2.1% of the total variance was at the neighborhood level from models 2
and 3. Based on Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) values,
Model 3 is preferred.

The findings of the analyses are three-fold. First, the neighborhood-level Walkability Score
had a significantly positive relationship with the individual-level odds of non-motorized trips at
the 0.01 significance level. People who lived in areas (dongs) with a higher Walkability Score were
much more likely to undertake walking and cycling trips for commuting purposes. Specifically, every
additional one-point increase in Walkability Score was associated with 0.3% higher odds of walking
and cycling trips for commuting purposes from both Model 2 and Model 3 (Model 2: odds ratio
(OR) = 1.003, 95% confidence interval (CI) = 1.001–1.005; Model 3: OR = 1.003, 95% CI = 1.001–1.006).
This result empirically supports the hypothesis that areas with more walkable environments have
correlation with higher odds of walking and cycling to work and school (i.e., active commuting) more
than areas with a less walkable environment.

Second, public transport density was positively correlated with the odds of non-motorized trips
at the 0.05 significance level (OR = 1.012, CI = 1.001–1.023). This result is similar to that of previous
studies, which found that access to public transportation was positively correlated with walking and
cycling [25,27,28]. Other neighborhood-level variables had no statistical relationship with the odds of
non-motorized trips from Model 3.

Third, the effects of all individual variables are fairly consistent across all models. The odds of
non-motorized transport were positively correlated with the female gender (reference group: male),
while it was negatively associated with age, level of income, and car ownership (reference group: no).
Thus, those who were female, younger, on a lower income, and had no car were more likely to walk
and bike for commuting purposes.
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4. Discussion

Encouraging active commuting is one of the most important agendas in the fields of urban
planning and design, transportation planning and engineering, environmental planning, and even
public health. Several studies have identified individual health benefits of active commuting [5–15],
and a report from Public Health England also identified its benefits for the wider population including
reductions in air pollution, noise, and economic costs [79]. Thus, efforts are being made by policymakers
from a multitude of countries to change citizens’ commuting behaviors toward active commuting,
and Seoul is no exception [20].

The quality of the environment is one of the most important factors influencing the level of
walking and cycling taking place in a city. Therefore, this study examined the role of environmental
walkability on active commuting. Specifically, it tested the hypothesis that areas with more walkable
environments have correlation with higher odds of walking and cycling to work and school (i.e., active
commuting) more than areas with less walkable environments.

In this study, we found that the level of walkability was positively correlated with the probability
of walking and cycling for commuting purposes in Seoul. This finding supports the hypothesis that
the walkable environment has a strong role in the incidence of active commuting. Second, public
transportation density had a significantly positive relationship with the probability of walking and
cycling. This indicates that public transportation destinations, including subway stations and bus
stops, encourages walking and cycling. As discussed earlier, some studies have shown that easy
access to public transportation leads people to walk and bike to public transport facilities [25,27,28].
In other words, more people can walk and bike in areas with a higher density of public transportation.
Third, other individual variables were correlated with active commuting, which is consistent with the
results of previous empirical studies [39,80]. Individual factors such as age, gender, income, and car
ownership were strongly correlated with active commuting. The odds of active commuting were
strongly associated with younger age, female, lower income, and having no car.

Based on the findings of this study, some suggestions for future policymaking can be made.
First, creating walkable environments could be considered a measure for sustainable development
indicators within local and national urban and environmental policies. Policy actions to promote active
commuting will directly contribute to achieving the third goal of the United Nations 2030 Sustainable
Development Goals (SDGs), i.e., good health and well-being [81]. Creating a walkable environment
could be tied to the SDGs and put forward as a city-wide policy. Second, neighborhood- and city-level
efforts seem necessary for encouraging active commuting. Our findings clearly indicate that the level
of neighborhood walkability can play an important role in promoting walking and cycling in daily
life. Actions by the city government of Seoul should include creating its own customized strategies in
order to more effectively promote active commuting. The city of Seoul should earmark investments for
building walkable and cyclable environments. In particular, since Seoul Metropolitan Government is
promoting the “Walkable City, Seoul” project as one of the major projects for urban planning and design,
the city of Seoul is creating a pedestrian-oriented traffic environment to maintain pedestrian roads
and form pedestrian walkways that connect to one another by linking the disconnected pedestrian
paths [20]. From our findings, the city of Seoul can consider maintaining and connecting pedestrian
pathways not only for leisure walking but also for active commuting in terms of promoting citizens’
daily physical activities.

This study has several limitations, and directions for future study to address them are as follows.
First, although this study could examine the overall correlation between walkability and active
commuting throughout the entire Seoul, it could not include different characteristics by sub-regions.
In further research, the areas with low levels of walkability and/or active commuting in particular should
be examined. Second, this study dichotomized travel purpose into motorized and non-motorized
transport for the use of a multilevel logistic model. For this reason, it was somewhat difficult to find
and discuss the results for each transportation purpose. In a future study, it may be necessary to
use a multilevel analysis for categorical outcomes. Third, the study only examined the correlation
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between walkability and active commuting. Further research could go beyond active commuting to
empirically analyze how environmental walkability plays a role in reducing diseases (e.g., obesity,
cardiovascular disease, and type 2 diabetes) and in improving health conditions (e.g., self-reported
health status and mental health). Fourth, the Walkability Score used was adapted from the popular Walk
Score index; however, walkability level using another objectively measured index can be considered.
According to previous empirical literature on Seoul, other indices such as Walkability Index, Pedshed,
and Moveability Index could be examined [42]. Lastly, the Walkability Score used in this study does
not include elements that evaluate the quality of the environment. The behavior of walking and
cycling depends on the quality of the environment (e.g., the level of greenness of parks, the quality of
pedestrian streets, etc.). For example, some studies found that cognitive perception of urban form or
urban design qualities is important for pedestrians [82,83]. In future studies, it is necessary to use a
walkability index that considers variables related to environmental quality.

Despite these limitations, this study has the following implications. First, we used a relatively
large amount of data including 129,044 covering all administrative units (N = 424) in Seoul. Therefore,
the study was able to meaningfully look at the overall associations between active commuting and
environmental walkability in Seoul. Second, we employed an objectively measured environmental
walkability index, which can more reliably stand for environmental walkability, and thus be more
useful for policy purposes, than a subjective index. Third, because the correlation of environmental
walkability and active commuting was analyzed using a multilevel logistic model, factors from both
individual and neighborhood levels could be taken into account. Furthermore, because individual-level
variables were nested within the neighborhood, the multilevel analysis allowed the impact of multilevel
factors on the dependent variable (active commuting) to be examined. Lastly, this study empirically
investigated the relationship between environmental walkability and active commuting in Seoul.
Although it has been several years since the city of Seoul implemented the “Walkable City, Seoul”
project, no studies have examined how the creation of walkable environment correlates with walking
and cycling. In this aspect, we believe this study is significant in that we explored the relationship
between the level of neighborhood walking environment and walking and cycling in Seoul.

5. Conclusions

This study found a positive correlation between objectively-measured environmental walkability
and active commuting outcomes using a multilevel logistic regression model in a Korean context.
In general, personal behavior variables such as walking and cycling are highly influenced by
individual characteristics (e.g., gender, age, income, etc.). Nevertheless, this study found a significant
correlation between Walkability Score and the odds of active commuting. Based on the results of
this study, we can expect several related policies to promote active commuting in the fields of urban
regeneration, environmental planning, and transportation engineering. Furthermore, it is expected
that health-promotion policies would benefit from the encouragement of active commuting.
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Abstract: Background: Global physical activity levels are low. Active commuting to school is a
low-cost and sustainable behaviour that promotes adolescents’ physical activity levels. Despite its
importance, data on low- and middle-income countries is scarce. This study aimed to assess the
relationship between active commuting to school and physical activity (PA) levels among 11–16
years-old adolescents from 63 low- and middle-income countries and six world regions. Methods:
Data were from the GSHS database. Participants were 187,934 adolescents (89,550 boys), aged
11–16 years-old, from 63 low- and middle-income countries. Active commuting to school and PA
were self-reported as the number of days adolescents walked or cycled to school and engaged
in physical activity for at least 60 min in the past 7 days. Results: Boys and girls who actively
commuted to school presented higher prevalence of attaining the PA recommendations, but only
for the 13–14 (boys: 16.6% versus 22.0%; girls: 9.8% versus 14.6%) and 15–16 (boys: 16.3% versus
21.6%; girls: 8.0% versus 14.0%) year-old age groups. Only for Oceania, Central Asian, Middle
Eastern, and North African girls and Sub-Saharan African boys no difference was found in the
prevalence of attaining the PA recommendations between those who actively commuted to school
and those who did not. Boys who actively commuted to school were 42% (95% CI: 1.37, 1.46) more
likely to achieve the PA recommendations, while girls were 66% (95% CI: 1.59, 1.73) more likely to
achieve the PA recommendations. Conclusions: Active commuting to school is associated with the
adolescents’ physical activity levels. However, it may have a lesser influence in helping younger
adolescents attaining physical activity recommendations. Public health authorities should promote
active commuting to school among adolescents in order to improve the PA levels and promote health.

Keywords: active travel; physical inactivity; region; school-aged children

1. Introduction

Global physical activity levels are low. Even though the World Health Organization (WHO)
recommends adolescents to engage in at least 60 min of daily moderate-to-vigorous physical activity [1],
it is estimated that 77.6% of boys and 84.7% of girls, aged 11 to 17 years old are physically inactive [2].
This is a worrying fact, as physical activity is associated with several health benefits, including
cardiovascular, bone, metabolic, and mental health [3].

There are several strategies with the potential to increase adolescents’ physical activity levels.
Active commuting to school (e.g., walking or cycling) is one of them [4]. It is a low-cost and sustainable
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behaviour that several studies suggest to be an effective strategy to increase adolescents overall physical
activity [5,6]. Active commuting to school by walking contributes to increased daily physical activity
in both boys and girls [4]. Findings from randomized control trials have demonstrated that those
in the active commuting walking group (experimental group) increased the number of minutes in
moderate-to-vigorous physical activity [7,8]. Similarly, those who cycle to school are more active than
those who do not [9]. Whether assessing physical activity through a questionnaire, accelerometer or
pedometer, studies have observed that active commuting to school is positively associated with physical
activity. This relationship is further supported by evidence demonstrating that active commuters
have higher physical activity levels on weekdays [10,11]. Furthermore, among adolescents living in
urban contexts, it was found that more than half of their daily physical activity was due to active
commuting [12].

As an intervention strategy to promote physical activity, a recent systematic review concluded that
active commuting is effective [6]. Furthermore, from an educational perspective, active transportation
stimulated at early ages [10] can help to consolidate this behaviour throughout life [13]. However,
despite the effectiveness of active commuting as a strategy to promote physical activity, the number of
adolescents active commuting to school in high-income countries has been decreasing [14–16]. Among
low- and middle-income countries, data are limited. Notwithstanding, investigations from Brazil [17],
Mozambique [18] and Vietnam [19] have shown that in these countries a downward trend in active
commuting to school is also observed.

Although there is strong evidence for the relationship between active commuting to school and
physical activity levels in adolescents, the majority of the studies were conducted in high-income
countries. Thus, in low- and middle-income countries, data on this relationship is limited [20].
International studies using comparable methods are important to establish trends or generalization
of the associations, support decision making and inform global efforts on the promotion of physical
activity and sustainable transport. For that reason, and from a public health perspective, more data
about active commuting on low- and middle-income countries is required. This information should
allow to better support public health policies and decision making regarding the promotion of physical
activity in these countries. Therefore, the aim of this study was to assess the relationship between
active commuting to school and physical activity levels among 11–16 years-old adolescents from 63
low- and middle-income countries and six world regions.

2. Materials and Methods

2.1. Participants and Procedures

This study is based on the Global School-Based Student Health Survey (GSHS), a cross-sectional
survey aimed primarily at students aged between 13 and 17 years old from several low- and
middle-income countries worldwide. The GSHS uses a standardized scientific sample selection
process, common school-based methodology and self-administered questionnaire supported by the
WHO with the collaboration of the United Nations’ UNICEF, UNESCO, and UNAIDS, and the
technical assistance from the Centers for Disease Control and Prevention. The questionnaire includes
validated survey items selected from 10 core modules, including: alcohol use, dietary behaviours,
drug use, hygiene, mental health, physical activity, protective factors, sexual behaviours, tobacco use,
and violence and unintentional injury. More information about the GSHS can be found elsewhere [21].

Publicly available GSHS data, collected from 2007 to 2015, for low- and middle-income countries
was used. Data collected in the surveys were self-reported. For this study, adolescents aged between
11 and 16 years-old were considered, as this was the age range that guaranteed participants in
each age from all the available countries. Furthermore, only adolescents who reported data on sex,
active commuting to school, and physical activity were considered. The final sample consisted of
187,934 adolescents (89,550 boys, 98,384 girls), aged 11 to 16 years-old (mean age 14.3 ± 1.2), from 63
countries (1841 Afghanistan, 4350 Algeria, 1177 Antiqua and Barbuda, 26,636 Argentina, 1299 Bahamas,
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2857 Bangladesh, 1548 Barbados, 1993 Belize, 3378 Bolivia, 1616 British Virgin Islands, 2283 Brunei
Darussalam, 2313 Cambodia, 1591 Chile, 2622 Costa Rica, 1735 Curacao, 1512 Dominica, 2424 Egypt,
1833 El Salvador, 1590 Fiji, 1763 Ghana, 3866 Guatemala, 2269 Guyana, 1696 Honduras, 1944 Iraq, 1551
Kiribati, 2460 Kuwait, 2522 Laos, 2162 Lebanon, 20672 Malaysia, 1921 Mauritania, 2135 Mauritius,
2744 Myanmar, 4431 Mongolia, 2760 Morocco, 1015 Mozambique, 2604 Namibia, 477 Nauru, 137 Niue,
2360 Oman, 5054 Pakistan, 4281 Palestinian territory, 2811 Peru, 7730 Philippines, 1675 Saint Kitts and
Nevis, 2067 Samoa, 2389 Seychelles, 1262 Solomon Islands, 2040 Sudan, 1620 Suriname, 3027 Syria,
3193 Tanzania, 4745 Thailand, 2241 Timor-Leste, 110 Tokelau, 2148 Tonga, 2639 Trinidad and Tobago,
865 Tuvalu, 2461 United Arab Emirates, 3415 Uruguay, 1080 Vanuatu, 2267 Vietnam, 855 Wallis and
Futuna, and 1872 Yemen) and six world regions (Central Asia, Middle East, North Africa, East and
Southeast Asia, Latin America and Caribbean, Oceania, South Asia, and Sub-Saharan Africa) defined
by the World Bank as low- and middle-income countries at the time of data collection.

2.2. Measures

Participants filled a self-administrated questionnaire during a school lesson (questionnaires were
country-specific and translated to the country official language). Active commuting to school was
self-reported as the number of days adolescents walked or cycled to school in the past week (‘During
the past 7 days, on how many days did you walk or ride a bicycle to or from school?’). Those who
reported active commuting at least 1 day in the past week were considered to active commute to school.
Adolescents were asked to report the number of days they engaged in physical activity for at least
60 min in the past 7 days (‘During the past 7 days, on how many days were you physically active for
a total of at least 60 min per day?’). Answers were given on an 8-point scale (0 = none to 7 = daily).
This has been shown to be a valid and reliable question for assessing adolescents’ physical activity in
epidemiological research [22].

2.3. Data Analysis

The mean frequency of physical activity (days/week) and the prevalence of attaining the physical
activity recommendations for those who actively commuted to school and those who did not, according
to age group (11–12, 13–14 and 15–16 years old) and region (Central Asia, Middle East, and north
Africa, East and southeast Asia, Latin America and Caribbean, Oceania, South Asia, Sub-Saharan
Africa) were calculated and the 95% confidence intervals (CI) were estimated. Logistic regression
was performed to analyse the relationship between active commuting to school and attaining the
physical activity recommendations. Unadjusted and adjusted analyses for age and region were tested.
Attaining the physical activity recommendations was defined, using the WHO criteria, as engaging in
moderate-to-vigorous physical activity for at least 60 min every day [1]. All analyses were stratified by
sex. Data analysis was performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY, USA).

3. Results

Participants’ characteristics are presented in Table 1. Most adolescents were aged between 13 and
15 years old and only 15.6% (19.5% boys, 12.0% girls) engaged in at least 60 min of physical activity
every day. More than half of the adolescents (56.1%) active commuted to school.
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Table 1. Adolescents characteristics, including age, region, physical activity, and active commuting to
school, by sex.

Adolescents’ Characteristics
Total (n= 187,934) Boys (n = 89,550) Girls (n = 98,384)

n % (95% CI) n % (95% CI) n % (95% CI)

Age (years)
11 1843 1.0 (0.5, 1.4) 827 0.9 (0.3, 1.6) 1016 1.0 (0.4, 1.7)
12 11,296 6.0 (5.6, 6.4) 4965 5.5 (4.9, 6.2) 6331 6.4 (5.6, 7.0)
13 39,403 21.0 (20.6, 21.4) 18,160 20.3 (19.7, 20.9) 21,243 21.6 (21.0, 22.1)
14 51,392 27.3 (27.0, 27.7) 24,488 27.3 (26.8, 27.9) 26,904 27.3 (26.8, 27.9)
15 49,720 26.5 (26.1, 26.8) 24,132 26.9 (26.4, 27.5) 25,588 26.0 (25.5, 26.5)
16 34,280 18.2 (17.8, 18.6) 16,978 19.0 (18.4, 19.5) 17,302 17.6 (17.0, 18.2)
Region
Central Asia, Middle East, and north Africa 34,532 18.4 (18.0, 18.8) 16,243 18.1 (17.5, 18.7) 18,289 18.6 (18.0, 19.2)
East and southeast Asia 44,773 23.8 (23.4, 24.2) 21,158 23.6 (23.1, 24.2) 23,615 24.0 (23.5, 24.5)
Latin America and Caribbean 66,931 35.6 (35.3, 36.0) 31,938 35.7 (35.1, 36.2) 34,993 35.6 (35.1, 36.1)
Oceania 12,142 6.5 (6.0, 6.5) 5450 6.1 (5.5, 6.7) 6692 6.8 (6.2, 7.4)
South Asia 12,496 6.6 (6.2, 7.1) 7016 7.8 (7.2, 8.5) 5480 5.6 (5.0, 6.2)
Sub-Saharan Africa 17,060 9.1 (8.6, 9.5) 7745 8.6 (8.0, 9.3) 9315 9.5 (8.9, 10.1)
Physical activity (days/week)
0 47,611 25.3 (24.9, 25.7) 20,574 23.0 (22.4, 23.5) 27,037 27.5 (26.9, 28.0)
1 38,660 20.6 (20.2, 21.0) 16,411 18.3 (17.7, 18.9) 22,249 22.6 (22.1, 23.2)
2 26,817 14.3 (13.9, 14.7) 11,617 13.0 (12.4, 13.6) 15,200 15.4 (14.9, 16.0)
3 18,642 9.9 (9.5, 10.3) 9036 10.1 (9.5, 10.7) 9606 9.8 (9.2, 10.4)
4 10,898 5.8 (5.4, 6.2) 5792 6.5 (5.8, 7.1) 5106 5.2 (4.6, 5.8)
5 10,630 5.7 (5.2, 6.1) 5602 6.3 (5.6, 6.9) 5028 5.1 (4.5, 5.7)
6 5360 2.9 (2.4, 3.3) 3033 3.4 (2.7, 4.0) 2327 2.4 (1.7, 3.0)
7 29,316 15.6 (15.2, 16.0) 17,485 19.5 (18.9, 20.1) 11,831 12.0 (11.4, 12.6)
Active commuting to school
No 82,423 43.9 (43.5, 44.2) 37,380 41.7 (41.2, 42.2) 45,043 45.8 (45.3, 46.2)
Yes 10,5511 56.1 (55.8, 56.4) 52,170 58.3 (57.8, 58.7) 53,341 54.2 (53.8, 54.6)

CI: confidence interval.

In both boys and girls, active commuting to school was related to the physical activity levels
(Table 2). For every age group, those who actively commuted to school had a higher frequency of
physical activity (days/week). The oldest age group showed the biggest (boys, 0.61 days/week, 95% CI:
0.56, 0.61; girls, 0.66 days/week, 95% CI: 0.62, 0.70) mean difference, whereas the youngest age group
presented the lowest (boys, 0.47 days/week, 95% CI: 0.34, 0.60; girls, 0.42 days/week, 95% CI: 0.31,
0.53). Furthermore, those who actively commuted to school presented higher prevalence of attaining
the physical activity recommendations, but only for the 13–14 (boys: 16.6% versus 22.0%; girls: 9.8%
versus 14.6%) and 15–16 (boys: 16.3% versus 21.6%; girls: 8.0% versus 14.0%) year-old age groups.

Table 2. Mean frequency of physical activity (day/week) and the prevalence of attaining the physical
recommendations according to active commuting by age group.

Active Commuting to School
Physical Activity (Days/Week)Mean (95% CI)

11–12 year-olds 13–14 year-olds 15–16 year-olds

Boys
No 2.43 (2.34, 2.53) 2.51 (2.48, 2.55) 2.59 (2.55, 2.63)
Yes 2.90 (2.80, 2.99) 3.10 (3.07, 3.13) 3.20 (3.16, 3.23)
Girls
No 1.98 (1.90, 2.05) 2.00 (1.98, 2.03) 1.88 (1.85, 1.91)
Yes 2.40 (2.32, 2.48) 2.58 (2.55, 2.61) 2.54 (2.51, 2.56)

Active Commuting to School
% Attaining Physical Activity Recommendations% (95% CI)

11–12 year-olds 13–14 year-olds 15–16 year-olds

Boys
No 16.7 (13.3, 20.0) 16.6 (15.2, 17.9) 16.3 (14.9, 17.7)
Yes 21.1 (17.9, 24.3) 22.0 (20.9, 23.1) 21.6 (20.5, 22.7)
Girls
No 12.0 (9.0, 15.0) 9.8 (8.6, 11.0) 8.0 (6.6, 9.4)
Yes 14.9 (11.9, 18.0) 14.6 (13.5, 15.8) 14.0 (12.8, 15.2)

CI: confidence interval.

The relationship between active commuting to school and physical activity according to region is
shown in Table 3. For every region, boys and girls that active commuted to school had higher frequency
of physical activity. South Asia (boys, 1.05 days/week, 95% CI: 0.91, 1.19; girls, 1.01 days/week, 95%
CI: 0.86, 1.01) and Oceania (boys, 0.74 days/week, 95% CI: 0.60, 0.88; girls, 0.92 days/week, 95% CI:
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0,80, 1,04) were the regions with the biggest mean difference in the frequency of physical activity
between those who actively commuted to school and those who did not, while Central Asia, Middle
East, and North Africa (boys, 0.43 days/week, 95% CI: 0.35, 0.51; girls, 0.29 days/week, 95% CI: 0.22,
0.36) had the lowest. Only for Oceania, Central Asian, Middle Eastern, and North African girls and
Sub-Saharan African boys no difference was found in the prevalence of attaining the physical activity
recommendations between those who actively commuted to school and those who did not.

Table 3. Mean frequency of physical activity (days/week) and the prevalence of attaining the physical
activity recommendations according to active commuting by regions.

Active
Commuting to

School

Physical Activity (Days/Week)
Mean (95% CI)

Central Asia, Middle East,
and north Africa

East and
southeast Asia

Latin America and
Caribbean

Oceania South Asia
Sub-Saharan

Africa

Boys
No 2.71 (2.65, 2.77) 2.34 (2.29, 2.39) 2.82 (2.78, 2.87) 2.29 (2.19, 2.39) 1.66 (1.56, 1.76) 2.36 (2.27, 2.44)
Yes 3.14 (3.09, 3.19) 2.95 (2.90, 3.00) 3.43 (3.39, 3.46) 3.03 (2.94, 3.12) 2.71 (2.63, 2.78) 2.90 (2.82, 2.99)

Girls
No 2.01 (1.97, 2.06) 1.72 (1.68, 1.75) 2.13 (2.10, 2.17) 1.98 (1.90, 2.06) 1.94 (1.83, 2.06) 1.81 (1.74, 1.87)
Yes 2.30 (2.25, 2.35) 2.23 (2.19, 2.26) 2.75 (2.72, 2.78) 2.90 (2.82, 2.99) 2.95 (2.86, 3.04) 2.45 (2.38, 2.53)

Active
Commuting to

School

% Attaining Physical Activity Recommendations
% (95% CI)

Central Asia, Middle East,
and north Africa

East and
southeast Asia

Latin America and
Caribbean

Oceania South Asia
Sub-Saharan

Africa

Boys
No 19.2 (17.1, 21.3) 14.3 (12.5, 16.2) 18.4 (16.8, 20.0) 13.9 (10.2, 17.7) 8.1 (3.7, 12.5) 15.6 (12.6, 18.6)
Yes 23.3 (21.5, 25.1) 20.4 (18.8, 22.1) 23.4 (22.2, 24.7) 17.0 (13.8, 20.2) 19.4 (16.9, 21.8) 20.7 (18.0, 23.5)

Girls
No 10.9 (8.9, 12.9) 5.5 (3.8, 7.3) 10.1 (8.6, 11.6) 10.9 (7.6, 14.1) 12.5 (8.3, 16.7) 9.9 (7.2, 12.5)
Yes 13.3 (11.5, 15.2) 10.1 (8.4, 11.7) 15.5 (14.3, 16.8) 15.9 (12.9, 18.9) 21.7 (18.8, 24.6) 16.2 (13.4, 18.9)

CI: confidence interval.

Table 4 presents the odds ratio for attaining the physical activity recommendations according
to active commuting to school. In the adjusted analysis, boys who actively commuted to school
were 42% (95% CI: 1.37, 1.46) more likely to achieve the physical activity recommendations, and girls
who actively commuted to school were 66% (95% CI: 1.59, 1.73) more likely to achieve the physical
activity recommendations.

Table 4. Odds ratio for attaining the physical activity recommendations according to active commuting
to school.

Active Commuting to School

Attaining Physical Activity RecommendationsOR (95% CI)

Boys Girls

Unadjusted Adjusted Unadjusted Adjusted

No 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Yes 1.41 (1.36, 1.46) 1.42 (1.37, 1.47) 1.65 (1.58, 1.71) 1.66 (1.59, 1.73)

OR: odds ratio; CI: confidence interval. Analysis adjusted for age and region.

4. Discussion

This study aimed to assess the relationship between active commuting to school and the physical
activity levels of 11–16 year-olds from 63 low- and middle-income countries and six world regions.
It was found that both boys and girls who actively commuted to school engaged more frequently in
physical activity and were more likely to attain the WHO physical activity recommendations. However,
age and region differences were found.

Physical activity is an important health behaviour associated to several health benefits [3].
A previous systematic review found that adolescents who actively commuted to school are more
physically active and that active school travel interventions often lead to increases in adolescents’
physical activity levels [5] and can help to consolidate this behaviour throughout life [13]. In accordance
with previous results from mainly high-income countries, this study showed that in low- and
middle-income countries, active commuting to school is also associated to physical activity, and that
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boys and girls who actively commuted to school were, respectively, 42% and 66% more likely to attain
the physical activity recommendations. This is a relevant finding, as active commuting to school is
an effective strategy to increase the globally low physical activity levels [2,5]. Furthermore, active
commuting to school is also associated with lower measures of adiposity and better cardiorespiratory
fitness [5,20]. Globally, international, regional and national public health authorities should promote
active commuting to school among adolescents in order to improve the physical activity levels and
promote health.

Although boys and girls from all age groups (11–12, 13–14 and 15–16 years-old) who actively
commuted to school engaged more frequently in physical activity, the prevalence of attaining the
physical activity recommendations was only higher for those who actively commuted in the 13–14
and 15–16 years-old age groups. This may be due to several reasons. On the one hand, the difference
in the prevalence of attaining the physical activity recommendations between active commuters
and non-active commuters was the smallest in the youngest age group. This suggests that for the
11–12 years-old age group, active commuting to school may not be a significant contributor to achieve
the recommended physical activity levels, as it is for the 13–14 and 15–16 years-old age groups. On the
other hand, the 11–12 years-old sample was much smaller than the other age groups, which may have
led to less accuracy in determining significant statistical differences. Notwithstanding, physical activity
levels are known to decrease across adolescence, thus younger adolescents are more physically active
than their older peers [23,24]. Because of this, active commuting to school may have a lesser influence
in helping younger adolescents attain physical activity recommendations, although it contributes to
the overall physical activity levels.

A systematic review, performed mainly with studies from high-income countries in Europe, North
America and Oceania, indicated that active commuting to school is positively associated with the
physical activity levels of school-aged children and adolescents [5]. In this study, with data from
low- and middle-income countries, similar findings were observed. However, the prevalence of
boys and girls from Oceania; girls from Central Asia, Middle East, and North Africa; and boys from
Sub-Saharan Africa attaining the physical activity recommendations was similar for active commuters
and non-active commuters. These findings show that regional differences in the relationship between
active commuting and physical activity may exist. Future research should try to explore possible
reasons for this. Nonetheless, in all regions, boys and girls who actively commuted engaged more
frequently in physical activity. Therefore, active commuting to school should be used as a strategy to
promote physical activity across all regions.

The interpretation of this study’s findings warrants some public health policy implications for low-
and middle-income countries. Active commuting to school seems to contribute to the overall physical
activity levels of adolescents from low- and middle-income countries, as it does for high-income
countries. Taking into account the global levels of insufficient physical activity [2], public health
authorities from these countries are recommended to use active commuting to school as a strategy
to promote physical activity and health among adolescents. Additionally, the contribution of active
commuting to school for achieving the physical activity recommendations appears to be more relevant
for adolescents aged 13 and over. Thus, active commuting may be a more suitable strategy to promote
physical activity among adolescents aged 13 and older than for their younger peers.

The present study has several limitations that are important to mention. Data was collected at the
school setting, resulting in the exclusion of adolescents that do not attend schools. Also, data represented
only adolescents aged 11–16 years-old and the GSHS focuses mainly on adolescents aged 13–17 years.
Thus, the 11–12 years-old sample was small, in comparison to the other age groups, and adolescents
aged 17 were not included. Data on active commuting to school and physical activity were self-reported
and therefore subject to bias. Nevertheless, because of the large samples used in each national or
regional survey, self-report was the most feasible methodology and is still the backbone of surveillance
studies [25]. Furthermore, intensity is an important part of the WHO physical activity recommendations,
as children and adolescents should engage in at least 60 moderate-to-vigorous intensity physical
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activity daily. However, in the GSHS questionnaire, used in this study, the question regarding physical
activity does not consider intensity (only duration and frequency). This limitation could lead to bias
in the classification of adolescents attaining the physical activity recommendations. There is still no
consensus regarding the optimal cut-off criteria for dichotomizing active commuting [26]. In this
study, a cut-off value of 1 day was used as the aim of the study was to compare those who did not
actively commute to school (i.e., 0 days of active commuting) and those who did, even if only on
1 day. Additionally, because this study used a sample of 63 countries with different cultural and
administrative settings, the number of days adolescents went to school could vary between countries.
Thus, establishing a cut-off value different than one could lead to bias. Also, the question regarding
active commuting does not allow to differentiate the type of active commuting, such as walking or
cycling. It would be interesting to compare whether walking and cycling have similar or different
contributions for the physical activity levels.

5. Conclusions

Active commuting to school is associated with the adolescents’ physical activity levels. However,
some sex, age and regional differences were observed. Active commuting seems to have a greater effect
among girls, as girls who actively commuted to school were 66% more likely to attain the physical
activity recommendations, while boys were only 42%. Also, active commuting to school may have a
lesser influence in helping younger adolescents attain the physical activity recommendations, as no
differences were found in the 11–12 years-old group, although it contributes to the overall physical
activity levels. Therefore, public health authorities should promote active commuting to school among
adolescents in order to improve the physical activity levels and promote health, especially among
adolescents aged 13 years old and over.
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Abstract: There appears to be a lack of existing data that comprehensively summarizes the evidence
of children and adolescents’ active travel in the Republic of Ireland. In lieu of this, a scoping review
was conducted to map the existing literature (2000–2020) on children and adolescents’ active travel in
the Republic of Ireland. A scoping review design extracted a total of 19 publications, which show
a consistent focus on the identified population’s active travel patterns, mainly to and from school,
mostly self-report and cross-sectional research study designs; however, there are few longitudinal
data, intervention and participatory studies. Key issues from these identified scoping review studies
are discussed with the potential to better inform policy makers, practitioners and researchers to
delineate programmes and strategies for promoting active travel among children and adolescents in
the Republic of Ireland.
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1. Introduction

Regular physical activity (PA) participation reduces the risk of disease, in addition to providing
a multitude of benefits that help individuals sleep better, feel better, and perform daily tasks more
easily [1]. These benefits can be achieved through a variety of PA modalities, and active travel
(i.e., using self-propelled mediums, such as walking or cycling, some or all the way to a destination)
can contribute as much as 30% towards meeting the recommended daily levels of PA for health [2,3].
A recent PA review [4] identified positive associations between active travel and health outcomes
across 68 studies. Specifically, active travel through cycling was clearly linked with improvements in
cardiorespiratory fitness.

In terms of PA participation, children and youth, however, are failing to meet the recommended
guidelines for health [5,6], and active travel needs to become more integrated in society as an important
additional source of PA participation [7]. Compared with other modalities of PA, active travel has
the additional advantage of being convenient and free of monetary costs [8]. Yet, data show a
significant decline in active travel over the past 30 years such as the prevalence of active travel for
children which was almost 48% in the 1970s but had declined to 13% by 2009 in the United States [9],
with similar downward trends observed in Canada [10,11], Switzerland [12], the United Kingdom [13],
Australia [14,15], and New Zealand [16].
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1.1. Summary of Past Reviews on Active Travel of Children and Adolescents

Past reviews sustain that the existing strength of the evidence for active travel is still debatable,
warranting continuing research [17–20]. To promote walking, Carlin et al.’s [17] review concluded that
school-based interventions show meaningful potential. A key supporting argument for school-based
active travel interventions is that children and adolescents go to school every day, and this environment
is a natural and ongoing opportunity to develop active travel behaviours [17]. Other elements
that show good promise in promoting active travel are interventions with a systematic design,
including intermittent approaches of short bouts of active travel, as well as other settings [17,18,
20]. Moreover, past reviews highlight other key factors that contribute to sustain active travel as a
behaviour, such as parental involvement, longitudinal trends of youth as they progress through school,
peer relationships, urban safety, distance and schedule convenience [17,20].

In terms of how research on active travel is conducted, a large portion of the research is conducted
with cross-sectional designs, primarily from walking-based research, and using self-reported data from
children and youth [20]. Most of this research also tends to be developed in Europe. Apparently, research
with adolescents falls short compared to that with children [17]. Saunders and colleagues [19] argue
that there appears to be no standardised way of addressing active travel, where Schoeppe and
colleagues [20] state that: “The definition of active school travel varied in terms of frequency and
duration of active travel, and journey to and/or from school. Moreover, most included studies did not
employ reliable and valid active travel.” (p.317).

1.2. Overview of Irish Data on Active Travel of Children and Adolescents

For clarification purposes, the island of Ireland comprises two different national jurisdictions, i.e.,
Northern Ireland which (along with Scotland, Wales, and England) belongs to the United Kingdom, and the
Republic of Ireland as part of the European Union. Each jurisdiction has a respective government, hence its
own ministries.

Most recent nationally representative data across the island of Ireland (N = 6651; age range 10–18
years old; 53% female) indicates that 42% of primary and 40% of secondary school children self-report
walking or cycling to and from school [21]. In comparison to the previously disseminated active
travel data [22], this represents an 11% increase in active travel among Irish primary school children
since 2010 [21]. In combating the widely accepted age-related decline in PA participation [23,24],
specifically during adolescence [25], it is concerning, however, that the most recent 40% figure of
secondary school children actively commuting [21] to and from school in Ireland has not increased
since 2010 [22]. It could be argued, based on the data of Woods et al. [21] that there is a lack of safe
places to crossroads, and the distance to schools are significant barriers preventing Irish adolescents
from increasing their levels of active travel.

At a government policy level, in the Republic of Ireland, it has been promising to observe the
National Physical Activity Plan [26]. This policy specifically addresses under action area four of the
“Environment” that the promotion of active transport is one of the most practical and sustainable ways
to increase population levels of PA. For example, one of the specific action four areas from this National
Physical Activity Plan is to ‘ensure that the planning, development and design of towns, cities and
schools promotes cycling and walking . . . ’ (p.24). While gender and location (urban versus rural)
inequalities in active transport are still in existence for Irish children and adolescents [27], the data
from Woods et al. [21] has put the promotion of active travel on the map for this population, and
recommends that the island of Ireland must now set a realistic and meaningful target for increasing the
percentage of children and adolescents walking and cycling to school between 2019 and 2027.
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1.3. Purpose of This Review

To our knowledge, no review has been published that comprehensively summarises the evidence
in relation to children and adolescents’ active travel in the Republic of Ireland. This raised our
research question of: “What is the nature and content of research on the active travel of children and
adolescents conducted in the Irish context, and what type of implications are (not) being addressed?”
Therefore, the purpose of this scoping review is to undertake the following: a) to map and summarize
the existing literature findings from the past two decades (2000–2020), specifically relating to contextual
study factors, such as age and gender, for active travel in children and adolescents from the Republic
of Ireland; b) to document the existing study design, supporting theories, measurement protocol and
prevalence of active travel in these identified scoping review studies; and c) to identify current barriers,
gaps and areas of opportunity for active travel promotion in the literature. This scoping review can
contribute to mapping the key concepts underpinning the active travel research field and evaluating
the specific types of evidence-based data available [28]. Ultimately, this scoping review study has the
potential to better inform policy makers, practitioners and researchers in order to delineate programmes
and strategies for promoting active travel among children and adolescents in the Republic of Ireland.

2. Materials and Methods

Given the aforementioned aims, the selection of a scoping review process was identified as the
most suitable methodological approach to undertake this study, following relevant literature on the
methods of conducting this type of review [28,29]. Guided by the research questions presented above,
the following evidence-informed scoping review framework, as proposed by Arksey and O’Malley [28],
was implemented:

1. Identifying relevant studies—a PubMed and Scopus database search was conducted. While these
different databases provided existing published research evidence, Google Scholar and the Open
Access to Irish Research database (RIAN) were also used in the context of this scoping review for
identifying outstanding grey literature, such as theses, policies and reports.

2. Study selection—by screening and assessing the data based on the inclusion and exclusion criteria,
a set of publications was filtered down to a final selection of 19 studies eligible for the current review.

3. Charting the data—each relevant document was screened and summarised, as the research team
achieved consensus on the final list of references for the research.

Each of these three identified stages are described and justified in further detail below.

2.1. Establishing Search Terms and Criteria to Identify Relevant Studies

The design of the literature search strategy started with breaking down the research question into
an initial set of keywords, such as “active travel”, “Ireland” or “Irish”, “children”, “adolescents” or
“adolescence”. With supporting evidence from the literature informed by previous reviews [17–20],
further keywords were added, namely “active transport” or “active commuting”. Having selected the
search tools and terms, the chosen databases’ advanced search options and different combinations with
Boolean operators (e.g., (“active travel” OR “active transport” OR “active commuting”) AND (“youth”
OR “children” OR “adolescence” OR “adolescents”) AND (“Ireland” OR “Irish”)) were employed for
the selection of potentially relevant documents.

The main objective and inclusion criteria of this search strategy was to collect all potential sources
that specifically investigated and reported elements of active travel as PA of children and adolescents
in the Irish context, across a range of publications (e.g., theses and dissertations, statistics, research and
policy papers, research reports, conference abstracts and proceedings), regardless of the methodological
decisions employed. As the research context for three of the authorship team relates to the Republic of
Ireland, and considering that some works presented data in aggregate for the whole island of Ireland,
it was decided that only publications with a clear presentation or breakdown of data from the Republic
of Ireland were to be included. Finally, an a priori timeframe for the charting of included documents
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was set to the last two decades, specifically as it appeared that the oldest study was published after
2000. As such, the search strategy was conducted between December 2019 and January 2020 to capture
the most recent publications from the last two decades.

As for exclusion criteria, broader concepts such as “independent mobility” were not considered as
part of this scoping review, as this research domain typically comprises more elements beyond active
travel, such as free play (e.g., [30]). Also, active travel literature from fields outside of the PA domain
(e.g., earth sciences such as geography) was excluded.

After establishing essential search terms and criteria, the research team proceeded to extract
documents. The choice of the Scopus and PubMed databases sought to include core research fields
to the topic of study, namely social sciences and sport/health sciences. With the screening of each
document, attention was given to the reference list, specifically in order to identify if a potentially
relevant document was missed by the initial search strategy.

2.2. Study Selection

With the input of the identified terms in each search tool and database, the entries provided
through Scopus and PubMed had the title and abstract checked. Furthermore, Google Scholar and
RIAN were included as search tools to find other potentially relevant grey literature as theses and
reports. Based on this process (cf. Figure 1), and after removing duplicates, 43 publications were
identified for screening according to the inclusion and exclusion criteria mentioned in the previous
stage and reduced to a total of 32 potentially relevant publications for the scoping review exercise.
All 32 documents’ data were summarised to assess their full eligibility, leading to a total of 19 studies
being included in the review. All the research team were involved in this process. Where questions
arose, they were discussed as a team and a collective decision was made. For example, O’Keeffe and
O’Beirne [30] present active travel data but because such data is aggregated for all of the island of
Ireland, without a specific breakdown for the Republic of Ireland, this document was excluded.

2.3. Charting the Data

The process of charting the data was prepared through the design of an online review summary,
by assigning each author a balanced set of documents for populating the relevant content. This process
started with the 32 potentially eligible documents and concluded with 19 included documents in the
review. The evaluation of the document eligibility was facilitated by organising the dimensions and
charting guidelines as per Table 1 below:

Table 1. Charting dimensions and guidelines.

Charting Dimension Charting Guideline

Study Design Refer if research was intervention, multiple baseline, case-study, etc.

Population/Sample Refer sample size, key demographics, and highlight if cohort is
primary or secondary education level.

Method Refer if data were self-reported or objectively measured, with the
specific tools if relevant.

Active Travel concept(s) and
theoretical frameworks

Identify which concept was used (e.g., Active Travel, Active Transport,
Active Commuting) and what theoretical frameworks explicitly

informed the study.

Summary of Findings Summarise only disaggregated data related to active travel in the
context of the Republic of Ireland.
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Figure 1. Scoping review flow diagram of reviewed studies from the combined databases and search
tools based on the PRISMA protocol. The volume of “additional records identified through other
sources” is highly increased from the Google Scholar results which returned 4940 links.

3. Results

An overview of the scoping review process is presented in accordance with the PRISMA protocol
as shown in Figure 1.

Table 2 summarises the findings and specifically identifies the study, study design, population/sample,
methods used for data collection, the concept of active travel used and theoretical framework, and main
findings. The results are presented according to the following themes: methodological characteristics and
main findings of the studies.
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3.1. Methodological Characteristics of the Studies

Overall, very few of the reviewed research items make explicit the theoretical underpinnings that
inform the study design, mostly relying on ecological psychology models and frameworks [32,34,43,45].
McMinn et al. [41] present the sole study relying on a social psychology model with the Theory of
Planned Behaviour (TPB) [47]. In that study, the Republic of Ireland data were only specifically reported
for active travel descriptive statistics, and then aggregated in the Northwest European region to report
on the tested TPB constructs. By using an ecological framework, Lambe [43] found similar results
and has warned about the importance of differing intention from behaviour. Murtagh, Dempster,
and Murphy’s longitudinal study [45] make use of one of Bronfenbrenner’s earlier versions of the
bioecological model of human development (1979) [48], considering it to structure the layers of data
from the individual (e.g., body mass index, BMI) to the context layers of the immediate settings
(microsystems of family, neighbourhood, school, and others). The authors then analyse the associations
of those factors with active school travel patterns. Such approach allowed the authors to identify and
quantify the: 1) change in distance to school, 2) too much traffic (at baseline), and 3) rural setting
(at baseline), as significantly associated to active school travel upkeep, uptake or drop out.

The publications presented in the current scoping review included a minimum sample size of
73 children [39] to a maximum of 16,060 children [36]. Some of the included studies combined data
from more than one project [27,40,43,45] subsequently leading to an increased combined number of
participants (e.g., Harrington et al. [27,40] with a total sample from both studies ≈30,000 participants).
Of special interest is the Census statement document [44], which included commuter data from all
Irish primary and secondary students (896,575 commuters). In total, 10 of the identified studies had
more than 2000 participants as a sample size.

Most studies focused on children in 5th to 6th class (10–12 years of age) of primary school, while few
studies included students at a younger age (i.e., <10 years of age) [33,34,41,45]. Regarding other
demographic information provided, more than half of the studies reported participants’ gender
(almost even distribution between boys and girls), and a few further studies reported the area of
residence and socioeconomic status (i.e., [32,38,39]).

As for the research design, most studies were cross-sectional and used national representative
samples [21,22,36,37,44] or non-national representative samples [31–35,38,39,42]. Two studies pertained
to the same context and were defined, by the authors, as a community-wide intervention study [43],
and a repeated cross-sectional study of a natural experiment [46]. Only one piece of research used a
nationally representative sample in a longitudinal study [45].

In terms of data collection procedures, many studies used self-reported questionnaires (only)
to assess the active travel data of children and adolescents [31,33,36–38,41,43,44,46]. Mode of
transportation, frequency, duration and distance were indicators often asked. Other studies used
mixed methodological approaches, such as questionnaires and interviews [45]; questionnaires and
consultation with young people [39]; and questionnaires, interviews and workshops [34]. A minority
of studies used a combination of self-reported data (questionnaires) and objective data (accelerometer
and/or pedometers) [21,22,35].

3.2. Main Findings of the Studies

The percentage of active travel reported for most studies ranged between 20.0%–40.0%, while some
studies reported a higher prevalence of active travel (i.e., 70.0% in Nelson and Woods [32]; 72.4% in
Woods and Nelson [42]). In general, there was a higher percentage of children and adolescents who
preferred walking, instead of cycling to a destination. The nationally representative studies included
found a trend towards the increase of active transport during the last decade, for both children and
adolescents [21,22,44]. Two of the intervention studies had no effect on the active travel behaviours to
or from school for children and adolescents [43,46].

Based on gender analysis, no active travel differences existed for primary school participants,
although secondary school female students were less likely to actively commute than their male
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counterparts [21,22,31,36,37,40,46], especially when considering cycling [32,36]. It was evident from all
studies that active travel is declining with age. For example, Sullivan and Nic Gabhainn [36] reported
that the walking percentage was reduced by 3.4% and cycling by 2.4% between the 10- to 11-year age
bracket and the 15- to 17-year age bracket. Also, children and adolescents from lower socioeconomic
backgrounds were more likely to report active travel to school [36,37].

The main barriers reported in 9 studies that prevented children and adolescents from active travel
to various destinations were distance, location (urban vs rural), weather, road, general safety issues,
time constraints and heavy school bags. Specifically, for location and distance, it was evident that
urban status [21,22,31,37,40,45] and the decrease of distance from the destination [39,45] positively
influenced the likelihood of active travel for children and adolescents. The optimal estimated distance
for facilitating active travel was 1 mile [31,38].

Finally, only two studies reported on the health benefits of active travel. Murtagh and Murphy [44]
found that children who walked or cycled to school had higher daily step counts than those who
travelled by passive modes. Clarke and The HBSC Ireland Team [37] concluded that children who
reported higher incidences of active travel to school were more likely to report excellent health, as well
as increased happiness and overall physical activity levels.

4. Discussion

The present scoping review sought to map and summarize the existing literature (2000–2020)
regarding active travel amongst children and adolescents from the Republic of Ireland and identify
points of future development. This discussion will address the paper’s objectives, namely regarding
the a) main findings; b) research methods; and c) current gaps and areas of opportunity.

4.1. Main Findings from Research in the Republic of Ireland

Main results showed that the time-trends in active travel, based across the data from various Irish
studies, has increased during the last decade; however, in terms of modality, a significant decrease in the
proportion of children and adolescents (especially females) cycling to school was noted. The reported
levels of active travel in the current scoping review were similar to those of other western countries
(e.g., [10,12]), apart from the United States [9].

The age-related decline in active travel was evident in all studies identified. In the Republic of
Ireland context, older students tended to walk or cycle less, when compared to their younger peers
(adolescents vs. children), and this is a consistent trend globally [6,21,24]. Also, female adolescents
had the lowest rates of active travel, which is in accordance with overall PA trends by gender during
adolescence [6,49,50]. Apart from the perceived barriers highlighted in various surveys, the decline in
girls’ active travel levels may be related to their advanced pubertal maturation compared with boys,
though the relative importance of biological and environmental influences on general PA remains
unclear [51]. Considering that most studies focused on children above 10 years of age, these studies do
not span across both childhood and adolescence, and there is little empirical evidence on the active
travel levels of children below 10 years of age. It is possible that the decline in active travel commences
in early childhood, even before adolescence, so more longitudinal studies targeting younger children
are warranted.

An interesting finding was the particularly low levels of cycling noted in all studies, usually below
3% [21,22,43–46]. While parental safety concerns and distances travelled are barriers to children’s
active travel [21,22,39], other factors include children’s lack of competence in terms of cycling [31,52].
Since active travel through cycling is linked with improvements in cardiorespiratory fitness [4],
more high-quality intervention studies, such as longitudinal research study designs with robust
methodological procedures could be developed to promote children’s cycling skills, active travel
pursuits and the dissemination of evidence surrounding the existing health benefits.

The major barriers that prevented Irish children and adolescents from active travel to various
destinations were distance, location (urban vs. rural), and general safety issues. The optimal estimated
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distance for facilitating active travel was 1 mile [31,38], while most of the adolescents who perceived
distance as a barrier to actively commuting lived further than 2.5 miles from school [31]. Similarly, in
Switzerland, the large prevalence of children living within 1 mile of school did not change significantly
between 1994 and 2005, and this contributed to the relatively high proportion of children actively
commuting to school [12]. Also, children and adolescents living in rural areas reported lower active
travel levels, mainly because the infrastructure has not been adequately developed, leading to an
increased popularity of motorized transportation in those areas [34].

4.2. Trends and Contributions of the Active Travel Research Methods in the Irish Context

Of the 19 references included and analysed in this review, a large majority had a cross-sectional
research design (e.g., [33,42]), while only a few adopted a longitudinal (e.g., [45]) or intervention
approach (e.g., [43]). Most of this is aligned to what previous reviews have observed regarding
the research methods on active travel [17–20]. Given these findings and the need to have quality
evidence-based protocols towards the promotion of active travel (walking and cycling) in young people,
future research should consider the importance of longitudinal randomized controlled trials [53–55].
Cohort studies might be of critical importance to further understand the patterns and predictors
of change for active travel throughout childhood and adolescence. Cross-sectional and large-scale
representative studies, that use self-reported data collection methods might also be an efficient approach
to the continuation of active travel surveillance and identifying the possible associated factors at
population level. A distinctive feature found in many of the analysed studies from this scoping review
is the inclusion of nationally representative samples (e.g., [21,22,37,45]). Even though, in the last
decade, there have been some national studies carried out in the Republic of Ireland (e.g., [21,22]),
the vast majority of this research has been with secondary-level adolescents, requiring more of a
research emphasis to be placed on primary school children (e.g., [33,39]), and particularly under the
age of 10 where data are clearly missing.

As for the data collection procedures, many studies focused on the use of self-report questionnaires
(e.g., [31,36,43]). Self-reported data may be subject to social desirability bias [56], and this limitation
has been acknowledged in the analysed studies. A few, however, have used a combination of
self-report questionnaires and interviews/workshops (e.g., [34,39,45]). Daniels et al. [39] and Lambe [43]
align in their need for more qualitative methodologies to better explore the experiences of children
and adolescents. Inclusively, Daniels and colleagues [39] demonstrated that participative research
methodologies on active travel can be implemented successfully with primary school-level children.
A mixed methodology approach for measurement procedures might be more suitable to further
understand the perspectives of young people and their parents on active travel, as well as to give young
people’s voice and co-construct meaningful solutions to increase their active travel behaviour [57].
A limited number of studies used objective PA data, such as accelerometers or pedometers [21,22,35].
This specific approach might be suitable to capture PA data related to walking, but not cycling.
Therefore, future studies should be creative in their technological-based strategies (e.g., Global
Positioning System (GPS) use) to better capture objective cycling behaviour.

At a deeper critical level, the reviewed research also refers to issues surrounding research quality.
Lambe [43] highlights the critical concerns of: 1) avoiding type 2 errors by stratifying the analysis
according to criterion distances and gender for walking and cycling; 2) enhancing data validity to
include a “preferred type of active travel” item (given differences between actual and preferred);
and c) more accurately measuring active travel when using the Children’s Sport Participation and
Physical Activity (CSPPA) [22] self-report survey. Nelson and Woods [32] also consider that research
should focus on the perceptions of specific characteristics of the environment related to contextual
awareness, such as the ‘presence of pedestrian crossings’, rather than generic statements relating
to ‘perceptions of pedestrian safety’. These considerations from Nelson and Woods [32], and from
Lambe [43], resonate with Saunders and colleagues [19] on issues relating to active travel definitions
and measurement. As discussed above, most of the reviewed studies addressed active travel related
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to school, based on the recurrent fact that most children and adolescents go to school every day [37].
However, this observation might be too narrow an approach, as school-related active travel mainly
contributes to overall quantities of PA participation [2,3], and only a minority of the research analysed
in the present review included active travel from a broader perspective beyond the school commute or
explicitly considered other modes of active travel used by children such as scooters and skates.

While national policies (e.g., [26,58]) and local authorities are beginning to show alignment
and acknowledge the main research recommendations, one of the primary barriers for the near null
effect on active travel in the two communities found by Lambe [43] and colleagues [46] was parental
gatekeeping. According to the author(s), attenuating the secular trend for the declining levels of active
travel to school presents a considerable challenge for local authorities in Ireland. Woods et al. [22]
previously stated that active commuters who live in urban areas tend to be more involved in sport
and PA, however, overall government departments of transport and sport need to work together
to address the issue of non-participation in sport and active commuting. This further concurs with
Delaney et al.’s [38] findings, specifically that active participants in sport and recreation events are
more likely to use active travel.

4.3. Gaps and Areas of Opportunity for Active Travel Research in the Irish Context

The previous discussion sections highlighted essential issues from the reviewed documentation,
as the need to use mixed and more robust methods, the overall enhancement of methods quality, the
need to widen the sample demographics in the younger cohorts, or considering the issues of definition
and measurement of active travel not only to other destinations than school but also considering other
mediums of active travel than walking and cycling.

To a much lesser extent, only five [32,34,41,43,45] of the analysed documents in this scoping
review highlighted their theoretical underpinnings, raising this as a notable area of opportunity
in active travel research. Those works provide examples of contribution to their main theories
and can extend the impact towards increasing levels of active travel with children and adolescents.
McMinn et al.’s [41] study is an example of how this might be more clearly integrated by using the
TPB [47] as a model that explains an intention (represented by the motivation and willingness) towards
a given behaviour. According to Ajzen, a behaviour intention is informed by the interconnection of the
attitude (referring to the affective evaluation of the relevance of the behaviour), the subjective norm
(referring to the perceived positive or negative social pressure on the behaviour) and the perceived
behavioural control (referring to the perception of how successful the behaviour can be in a given
context). However, McMinn’s study did not present this specific data for the Irish population and,
instead, aggregated it in the Northwest region.

While TPB is indeed a valuable theoretical framework to explore the individual attitudes, in the
Irish context there is more awareness to ecological frameworks which help to explain the relation
between the person and the environment through agency. Two such frameworks are those of Gibson’s
Affordance Theory [59], which was not considered by any of the reviewed studies, and Bronfenbrenner’s
Bioecological Model of Human Development (also presented as the Process–Person–Context–Time
model) [60] which was considered by most of the reviewed research.

Building on Murtagh, Dempster, and Murphy’s [45] use of Bronfenbrenner’s model, it must
be noted that this framework has been developed and refined from its earlier versions used by
Murtagh and colleagues. According to Bronfenbrenner [60], the proximal processes in the micro- and
mesosystem are essential to connect the person to the environment on a developmental perspective,
but the research reviewed in our study does not explicitly explore what processes are (in)effective for
active travel, and mainly asks about patterns, and contextual facilitators and inhibitors. One such
process identified in the reviewed literature can be parental modelling (e.g., [43]) but the specific
elements of this (and others) proximal process(es) as being (un)successful need to be better explored and
explained. Moreover, if active travel is to be promoted as a desired lifelong behaviour, research needs
to more strongly consider not only the immediate settings (microsystems of family, neighbourhood,

52



IJERPH 2020, 17, 2016

school, and others) but also their mesosystemic interdependence (e.g., school–family) to provide more
sustained, and potentially more effective, implications.

At the same time, as explored by Murtagh, Dempster, and Murphy [45], the personal factors need
to be addressed to understand why active travel intentions do not fully, or more regularly, translate
into actual active travel behaviour. This dilemma is where the notion of affordances from Gibson [59]
may be most important, as a given contextual feature might drive away the active travel behaviour in
one person but might make it present in another person. In short, Gibson considered that subject and
environment are an inextricable behavioural dyad to present the idea that behaviour emerges from the
physical properties of the environment in interaction with the subject’s dispositions and resources.
For example, while urban children tend to engage more with active travel, Lambe [43] showed that the
contextual changes of the communities did not promote the expected increase in active travel which
would be theoretically explained due to the affordance as perception of urban traffic did not change.
Lambe [43] also showed that rural area children are more likely to identify the lack of resources as a
reason (an affordance) to not engage with active travel. This means that the affordances are very much
contextual and situational as a child might be able to cycle in a space where confidence and safety
are perceived (e.g., neighbourhood) but not perform that ability/behaviour in a more contextually
challenging environment, which could explain at a more theoretical level Nelson and colleagues’ [31]
findings of low perceived cycling ability in low active travel patterns. Based on Gibson’s [59] theory,
and from a research example provided by Kyttä, Oliver, Ikeda, Ahmadi, Omiya, and Laatikainen’s [61]
research with a sample of Finnish and Japanese children, it could be hypothesised that affordances
related to active travel are strongly dependent on affordances of independent mobility and this might
prove to be an effective focus to the future designs of interventions and active travel research in general.

4.4. Strengths and Limitations

A strong point of this review is that it has a clear scope as it attempts to draw a picture of the
current research and main findings on active travel in Ireland with children and adolescents. We have
tried to point out the factors that are important determinants of active travel according to the existing
literature, without making selections or excluding any studies because of their lower quality, or for
being published in academic outputs (e.g., journals). Additionally, the search and inclusion process
(not only databases but also contextually relevant databases as Irish universities’ repositories), which
included developing a search strategy in consultation with a literature review expert and having four
reviewers for a proportion of the entire source texts, is a strong point.

One limitation of this review is that its scope may not be broad enough because only studies
reporting walking and cycling as means of, mainly, school-related active travel were included.
Furthermore, most of the included studies focused on children above 10 years of age, as there is little
empirical evidence regarding children below 10 years of age. Additionally, the range of data collection
and analysis techniques used in the studies under review makes them hard to compare and makes
the mixed results more difficult to interpret. As for the data collection procedures, most studies used
self-report questionnaires, which may be subject to social desirability bias. A related issue is that
this scoping review did not conduct a quality assessment of reviewed sources. The results should,
therefore, be interpreted with some caution. Nevertheless, we believe that the current review provides
a thorough survey of the available Irish literature on active travel and the range of research conducted
into the subject with valuable insights.

5. Conclusions

This paper aimed to map the existing documentation (research, reports, policy) addressing
children and adolescents active travel with regards to PA in the context of the Republic of Ireland,
between 2000 and 2020, through a scoping review.

Although the levels of active travel among children and adolescents in the Republic of Ireland
are higher than in other countries, the existing low levels of cycling to and from a destination, in
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conjunction with distance and safety barriers, are potentially contributing factors which might explain
the difficulty in adopting active travel lifestyle behaviours for children and adolescents. To better
approach this, policy needs to keep supporting and building on current evidence, but also ensure
cross-sector collaboration and guidelines. Future data collection strategies relating to the surveillance
of active travel behaviours for children and adolescents in the Republic of Ireland should consider
the suggestions to use and enhance robust methodological instruments (accelerometers, GPS tracking
devices, validated PA wearable devices etc.), with scientifically rigorous longitudinal research designs.
At an underpinning level, research designs need to carefully consider the issues of active travel
definition and measurement, and make more explicit use of, and contribute to, the underpinning
theoretical frameworks that support active travel research.
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Abstract: A walkable environment is a crucial factor for promoting active transportation. The purpose
of this study is to examine the association between neighborhood walkability and active transportation
for noncommuting purposes (leisure and shopping) in Seoul, Korea. The Walkability Score is used
as a measure of walkability, and a multilevel logistic regression model is employed to measure the
odds of active transportation (i.e., walking and cycling; nonmotorized trips) at two levels: individual
(level 1) and neighborhood (level 2). The results of the study showed that the Walkability Score was
significantly correlated with higher odds of active transportation in shopping models. Specifically,
every one-point increase in the Walkability Score was associated with 1.5%–1.8% higher odds of
active transportation in shopping models. However, there was no significant correlation between
the two in leisure models. Meanwhile, individual characteristics associated with the odds of active
transportation differed in the leisure and shopping models. Older age was positively correlated with
the odds of active transportation in the leisure model, while females showed a positive correlation in
the shopping model. Based on the study, urban and transportation planners can recommend urban
policies to promote active transportation in an urban setting.

Keywords: active transportation; walking; cycling; leisure trip; shopping trip; Walk Score; Walkability
Score; multilevel logistic regression model; Seoul

1. Introduction

An increase in sedentary behavior and a proportionate growth in chronic diseases have been
considered the most critical public health issues in the modern world, prompting several researchers
in the public health and urban planning fields to investigate the environmental impact of promoting
higher levels of physical activity [1,2]. As a means to promote physical activity, walking and cycling
can be considered feasible daily activities for most people [3–5]. Among the different types of physical
activities, walking and cycling are considered suitable for all age groups, given that they do not
require special skills or facilities, and allow people to manage the intensity of their own movements [5].
Therefore, efforts to enhance walking and cycling within the community have been gaining momentum
lately [5].

Promoting physical activity can help prevent a rise in the overweight and obese population and
reduce the risk of potential chronic ailments such as respiratory diseases and Type 2 diabetes, as
well as mortality risk from cardiovascular diseases and cancer [3,6–10]. Enhanced physical activity
can also benefit mental health as it can improve emotions and the sense of recognition [11], reduce
pressure [12,13], and depression [14]. From the urban and transportation planning perspective,
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walking and cycling, usually termed as “nonmotorized transport” or “active transportation,” can be
considered an important means for promoting sustainable cities and for providing social, environmental,
and economic benefits [4,15]. Therefore, there is a growing emphasis on the importance of active
transportation in light of urban problems such as traffic congestion, environmental pollution, energy
shortage, and an increase in the obese population.

It is imperative to promote environmental and policy approaches to encourage physical activity
considering that it can benefit all citizens in the neighborhood [16–18]. Accordingly, efforts to find
an adequate built environment for physical activity, especially a walkable environment, has attracted
the attention of policymakers, urban and transportation researchers, and public health scientists.
Several studies have identified built environmental factors that most significantly influence walking
behavior in urban and suburban areas [4,7,19–21], and efforts were made to develop a methodology
to objectively measure the level of walkability. Consequently, several indices such as the Walk Score,
Walkability Index, and Pedestrian Index of the Environment were developed combining various built
environmental variables that influence walking behavior [7,19–32]. The Walk Score is one of the popular
indices that objectively measures neighborhood walkability, taking into account the accessibility of
amenities in the vicinity (e.g., grocery stores, restaurants, shopping centers, coffee shops, parks, schools)
and pedestrian friendliness (e.g., intersection density and average block length) [25], and is currently
used in various fields, including public health, real estate, and urban planning [33–37]. Studies have
verified whether the Walk Score is appropriate to describe the level of walkability, and correspondingly,
several works of the literature showed that a higher level of Walk Score is positively correlated with
walking behavior [7,26,29,30,38–42].

A number of studies have investigated the association between walkability and health indicators
using the Walk Score [42–44]. Xu and Wang examined the impact of the neighborhood environment on
physical inactivity and obesity in Washington, D.C. in the United States. Using a multilevel regression
model, they found that street connectivity was negatively associated with obesity, while Walk Score was
negatively associated with physical inactivity. They also found that the obesity risk varied depending
on urbanicity levels and gender, with a higher Walk Score linked to a lower risk of obesity in urban
areas for females [43]. Wasfi et al. examined the influence of neighborhood walkability on the Body
Mass Index (BMI) of urban Canadians using the Walk Score and the National Population Health
Survey of Canada, and found that neighborhood walkability influences BMI trajectories for males [42].
McCormack et al. explored the relationship between walkability and waist circumference, waist-to-hip
ratio, and BMI in Calgary, Alberta, Canada. Correspondingly, they found that a higher Walk Score was
associated with lower odds of having a large waist circumference; neighborhoods with a lower Walk
Score had higher odds of a high waist circumference, BMI, and waist circumference–BMI risk [44]. In
short, previous studies have shown that developing a walkable environment can influence physical
activity, which can lead to a significant population health impact.

2. Research Background

Over the past several decades, rapid industrialization and urbanization have led to significant
lifestyle changes resulting in an increasing overweight and obese population, creating a significant
public health burden in many countries [5,45]. A practical way to encourage physical activity on a
daily basis is to promote active transportation. Therefore, several studies identified that a walkable
environment has a positive association with active transportation [7,21,26–32]. For example, Reyer et al.
used the Walkability Index and the Walk Score to explore the link to active transportation and found a
tendency toward more active travel in more walkable neighborhoods [7]. Likewise, Knuiman et al.
examined the relationship of neighborhood walkability and accessibility to a destination using walking
as transportation in Perth, Australia. They found that accessibility to local destination, land use mix, and
street connectivity are important determinants for promoting walking as a means of transportation [32].

Studies regarding the relationship between walkability and noncommuting active trips mainly
considered the leisure purpose of walking or cycling. Investigating the neighborhood walkability
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in Canada, de Sa and Arden found that respondents living in highly walkable 500 m buffer zones
(upper quartiles of the walkability index) were more likely to walk or cycle for leisure than those
living in low-walkable buffer zones. When a 1000 m buffer zone was applied, respondents in more
walkable neighborhoods were more likely to walk or cycle for both leisure and transport-related
purposes [27]. Dyck et al. examined the association between leisure-time physical activity and
perceived neighborhood environmental walkability in Belgium, Australia, and the United States.
Except for the city of Ghent, Belgium, there was a positive linear association with recreational walking
and leisure time physical activity [28]. Thielman et al. estimated the association between walkability
and physical activity by transport walking and leisure time physical activity in Canada at the national
level. They found that walkability was associated with transport walking in all age groups and city
sizes. However, it had an inverse association with leisure-time physical activity among young adults
and in large cities [29]. Some studies examined walkability for shopping purposes [21,30,31], but
there are few studies that examined both leisure and shopping trips depending on the neighborhood
walkability. For example, Habibian and Hosseinzadeh examined walkability across trip purposes
including commuting, educational, and shopping, although they did not consider trips for leisure [31].
Manaugh and El-Geneidy examined the relationship between the trip purpose and walkability in
nonmotorized mode of transportation; however, they considered noncommuting trip purposes mainly
for shopping [30]. Lefebvre-Ropars et al. examined the association between walking time and the built
environment using the Pedestrian Index of the Environment (PIE). They considered both shopping and
leisure as noncommuting trips, and found that the PIE was more strongly correlated to the choice of
walking for work, leisure, or shopping in very short trips [21]. However, they did not consider cycling
as active transportation. In sum, previous studies on noncommuting active trips mainly focused on
leisure walking/cycling, or investigated either leisure or shopping trips, or mainly focused on walking.

Korea is facing a severe health problem related to physical inactivity [45]. According to the
Community Health Survey of Korea, the walking rate (the percentage of people who walked more
than five days a week for more than 30 min a day in a week) in the country decreased overall during
the past decade, from 50.6% in 2008 to 42.9% in 2018, while the proportion of individuals who are
obese increased from 21.6% in 2008 to 31.8% in 2018 [46]. This increase in physical inactivity and
obesity can be considered a social problem in Korea, which underscores the importance of developing
pedestrian-friendly urban environments [47–50]. Accordingly, the city of Seoul is promoting “Walkable
City, Seoul” as a major urban policy to enhance citizens’ health and reduce traffic congestion [51].
A pedestrian-oriented traffic environment is being modeled with increasing safe walking zones and
connecting touristic spots. Furthermore, bicycling is being promoted by expanding bike-related
infrastructure, such as a sharing bike system.

A recent study by Kim et al. examined the association between walkability and active commuting
(i.e., walking and cycling to work or school) in Seoul using the Walkability Score, and empirically
found a positive correlation between walkability and active commuting [52]. This raises another
question as to whether walkability will also have a significant positive association in the case of
noncommuting trips (e.g., leisure and shopping trips) with active transportation (i.e., walking and
cycling). In addition, based on trip purposes, would a walkable environment associate similarly or
differently within leisure and shopping trips? Especially, noncommuting trips are an intentional trip
that may more likely depend on the neighborhood environment than a commuting trip [30]. Some
studies found that the distance and duration of noncommuting walking were substantially longer
than they were for commuting purpose, as well as the importance of urban forms on noncommuting
trips [21,53]. In particular, compared to commuting, a noncommuting trip can induce more walking
and cycling if an adequate walkable and bikeable built environment is provided in the neighborhood.
This study expands the scope of Kim et al.’s [52] research by considering the Walkability Score and
active transportation differentiating the trip purposes to noncommuting. The purpose of this study is
to examine the association between the level of walkability measured by the Walkability Score and
active transportation for noncommuting trips in Seoul, Korea. Specifically, the relationship between
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the walkability level and active transportation (i.e., walking and cycling) in noncommuting trips (i.e.,
shopping and leisure trip) will be examined considering both individual characteristics and the built
environment of the neighborhood by conducting a multilevel analysis in Seoul.

3. Materials and Methods

3.1. Study Area

The study focuses on the city of Seoul, and uses travel mode data from the Household Travel
Diary Survey adapted from the Korea Transport Database [54]. The total number of home-based
trips for leisure and shopping purposes in the survey were 9998 and 8578, respectively. The city
of Seoul consists of 424 neighborhoods with their own administrative offices. The neighborhood
is referred to as “dong” in Korea, which is the most disaggregated administrative unit. Of the
424 neighborhoods, some had very few sample numbers in the survey. For example, in the case of
Jamwon-dong, only four individuals responded to the survey. Neighborhoods that had notably few
samples such as Jamwon-dong were excluded from the multilevel modeling, given that ensuring a
sufficient number of samples is one of the most important issues in multilevel analyses [55–57]. For
unbiased results, some studies suggested ”30/30” and “20/50” rules that indicated the minimum number
of observations per group/minimum number of groups. Kreft recommended the “30/30” [58], while
Hox recommended the “‘20/50” rule [59]. To prevent biased estimate of parameters, we employed a
minimum of 30 respondents per neighborhood for the study. Out of the 424 neighborhoods, the number
of corresponding neighborhoods was 129 and 91 in the leisure and shopping models, respectively.
Overall, the study used 5742 individuals nested within 129 neighborhoods and 3722 individuals nested
within 91 neighborhoods in the leisure and shopping trip models, respectively, as shown in Figure 1.

(a) (b) 

Figure 1. Study area: (a) Neighborhoods with at least 30 individual respondents for leisure trips
(N = 129); (b) Neighborhoods with at least 30 individual respondents for shopping trips (N = 91).

3.2. Measures

As mentioned earlier, this research expands on a study by Kim et al. [52]. In this study, an
investigation of the correlation between noncommuting active trips (i.e., leisure and shopping) and the
Walkability Score was conducted. Accordingly, independent variables were basically derived from
related data sources and methodology from Kim et al. [52], differentiating the trip purposes used as the
dependent variables. The measurements and data sources of variables used in this study are shown in
Table 1.
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3.2.1. Individual-level Variables (Level 1)

All individual-level variables of this study were acquired from the 2016 Household Travel Diary
Survey from the Korea Transport Database [54], which is a traffic-related survey conducted every five
years across the country and considered as a nationwide passenger survey in Korea. This survey
examines the travel diary of household members aged five and older on weekdays, and is conducted
through home visits and online using a self-reported questionnaire [60].

• Dependent variables: Travel mode (motorized vs. nonmotorized modes)

As dependent variables, this study used active transportation (e.g., walking and cycling) separately
for leisure and shopping purposes. From the Household Travel Diary Survey, there are four travel
modes—walking, bicycling, public transport, and private automobile. For the analysis, they were
coded as binaries—1 for nonmotorized modes (walking and cycling) and 0 for motorized modes
(public transport and private automobile).

• Individual socioeconomic status variable

At the individual level, several socioeconomic status variables were considered as confounding
factors, including age, gender, household income, and car ownership. These individual variables were
also acquired from the 2016 Household Travel Diary Survey from the Korea Transport Database [54].

3.2.2. Neighborhood-level Variables (Level 2)

This study employed the neighborhood as a spatial unit for multilevel modeling at level 2. All
neighborhood-level variables in this study used the mean values of each neighborhood.

• Walkability Score

As a key independent variable, this study employed the Walkability Score, which was assessed in
Seoul by Kim et al. [61]. Moreover, a recent study found that the Walkability Score is a reliable index to
measure environmental walkability in the city [62]. The value of the Walkability Score is calculated
by the Walk Score algorithm, which basically calculates the accessibility of utilitarian destinations
with a distance decay function. They include nine amenities essential to everyday life—grocery stores,
restaurants, shopping centers, coffee shops, banks, parks, schools, books, and entertainment. The
Walkability Score calculates the closest network distance from each amenity and then awards 100% of
the maximum points to amenities located within a network distance of 400 m, 75% within 800 m, 40%
within 1.2 km, and 12.5% within 1.6 km of a given location [61]. By combining the accessibility of nine
types of utilitarian destinations, the scores are normalized on a scale of 0 to 100. Additionally, poor
pedestrian friendliness is considered as a penalty element. It considers the intersection density and
average block length as factors of pedestrian friendliness. Areas with lower intersection density (no
penalty: intersections per square mile > 200) and longer average block length (no penalty: average
block length < 120 m) receive penalties up to 10% of the total score. The Walk Score ranges from 0
(car-dependent) to 100 (walkers’ paradise) [25]. Geospatial data used for assessing the Walkability
Score in Seoul were collected from both governmental websites and private companies. More detailed
information on measures, data sources, and calculation methods is found in Kim et al. [61].

• Neighborhood environmental variables

The Walkability Score is adapted from the Walk Score, which is an index that combines various
variables that represent urban form such as density, diversity, and destination accessibility [21,62].
Since the Walk Score itself is a composite index of neighborhood walkability, there are some studies
that include only itself as a neighborhood environmental variable [7,63]. However, one study found
that there are some urban form elements such as land use diversity and walking route supply that the
Walk Score does not include [21]. Therefore, this study considered land use mix and sidewalk length as
additional neighborhood environmental variables. Land use mix is an important urban environmental
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variable for promoting walking and cycling. Some studies have shown that the higher the land use
mix, the more people walk and/or are physically active [31,32,64,65]. The entropy index was used to
measure a land use mixture of residential, commercial, industrial, and greenspaces. It ranges from 0
(single use) to 1 (perfect mixing). Moreover, sidewalk length (i.e., total length of sidewalks per square
kilometer) was considered in this study, given that it was positively associated with the minutes of
neighborhood-based walking for transportation [66]. The data used in the analysis were obtained
from the public source of the National Spatial Data Infrastructure Portal [67], while the neighborhood
environmental variables were captured by ArcGIS.

Table 1. Measurement, data source, and descriptive statistics of variables.

Variable Measurement Data Source

Dependent Variable

Travel mode Binary: 0 =Motorized mode,
1 = Nonmotorized mode

Household Travel Diary Survey
from the Korea Transport

Database [54]

Individual Variables (Level 1)

Age Continuous: Age

Household Travel Diary Survey
from the Korea Transport

Database [54]

Gender Binary: 0 =male, 1 = female

Income

Ordinal: 1 = less than 1 million
won, 2 = 1–2 million won,

3 = 2–3 million won,
4 = 3–5 million won,

5 = 5–10 million won, 6 =more
than 10 million won

Car ownership Binary: 0 = no, 1 = yes

Neighborhood Variables (Level 2)

Walkability Score Continuous: Walkability Score Kim et al. [61]

Land use mix 1 Continuous: 0 (single use)–1
(perfect mixing) National Spatial Data

Infrastructure Portal [67]
Sidewalk length Continuous: Length of sidewalk

per square kilometer

1 Land Use Mix = −1
(

n∑
i=1

pi × ln(pi)

)
/ ln(n), where pi is the proportion of the land use type of i, i = residential,

commercial, industrial, and greenspaces, n = total number of land uses in the mix (=4).

3.3. Data Analysis

A multilevel logistic regression model was used, with the two odds of nonmotorized trips
(walking and cycling) for (1) leisure purposes and (2) shopping purposes. An odds ratio (OR) is a
statistic that quantified the association between an outcome and exposure. When calculating a logistic
regression analysis, the regression coefficient is an estimated increase in the log probability of the
outcome according to a unit increase in the exposure value [68]. If the OR is exactly 1, there is no
correlation between outcome and exposure. When the OR is greater than 1, then there is a positive
association, conversely if the OR is less than 1, then there is a negative correlation between outcome
and exposure. Applying this concept here, this study examined the correlation between outcome (odds
of nonmotorized trips for noncommuting) and exposure (individual and neighborhood variables). The
multilevel data included two levels: individual (level 1) and neighborhood (level 2). Individuals living
in the same neighborhood shared the same Walkability Score and the neighborhood environmental
characteristics including land use mix and sidewalk length at the corresponding level. R software was
used for the analysis in this study.
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4. Results

4.1. Descriptive Statistics of Variables

As shown in Table 2, the proportions of individuals using nonmotorized modes of transportation
for leisure and shopping purposes were 81.8% and 76.8%, respectively. In both the samples, the
ratio of the motorized mode to nonmotorized mode was approximately 1 to 4. From the individual
variables, the participants for the leisure and shopping trips reported a mean age of 61.1 and 53.5 years,
respectively. The median income level of households per month was 4 and 3, respectively, for each
subsample; the value of 3 corresponds to 2–3 million won while 4 corresponds to 3–5 million won. The
variable of household income ranged from 1 (less than 1 million won) to 6 (more than 10 million won).
In the leisure and shopping trip group, the proportion of female participants was 61.4% and 90.9%,
and the proportion of car ownership was 54.8% and 63.3%, respectively.

Table 2. Descriptive statistics of variables.

Variable Measurement
Leisure Purpose Shopping Purpose

% Mean (SD) % Mean (SD)

Dependent Variable

Travel mode
Binary:
0 =Motorized mode 18.2% 23.2%
1 = Nonmotorized mode 81.8% 76.8%

Individual Variables (Level 1)

Age Continuous: Age 61.1 (16.7) 53.5 (15.1)

Gender
Binary:
0 =male 38.7% 9.1%
1 = female 61.4% 90.9%

Income Ordinal: Household
income level 4 1 3 2

Car ownership
Binary:
0 = no 45.2% 36.7%
1 = yes 54.8% 63.3%

Neighborhood Variables (Level 2)

Walkability
Score

Continuous: Walkability
Score 67.55(9.0) 67.71 (9.8)

Land use mix 3 Continuous: 0 (single
use)–1 (perfect mixing) 0.52(0.3) 0.53 (0.3)

Sidewalk
length 3

Continuous: Length of
sidewalk per square
kilometer

1.99(0.6) 1.95 (0.6)

1 This is a median value and it corresponds to 3–5 million won, 2 this is a median value and it corresponds to 2–3
million won, 3 square root-transformed, SD: standard deviation.

The mean values of the neighborhood environmental variables were slightly different because
the target areas (number of neighborhoods for leisure model = 129, number of neighborhoods for
shopping model = 91) varied between leisure and shopping travels, although it was basically similar
in the two samples. In the samples of leisure and shopping purposes, the mean value of Walkability
Score was 67.55 (SD = 9.0) and 67.71 (SD = 9.8), respectively. Meanwhile, the mean value of land use
mix was 0.52 (SD = 0.3) and 0.53 (SD = 0.3), and the mean value of sidewalk length was 1.99 (SD = 0.6)
and 1.95 (SD = 0.6), respectively. Both variables of land use mix and sidewalk length were square
root-transformed for use in the multilevel analysis.
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4.2. Results of Multilevel Logistic Models: Odds of Active Transportation for Leisure and Shopping Purposes

This study conducted a multilevel logistic model because individual variables were nested within
neighborhoods. Generally, there are three phases of procedure for multilevel logistic regression:
(step 1) an empty model without predictors to assess variation of log-odds between clusters, (step 2) an
intermediate model to assess the variation of the lower-level effects between clusters, and (step 3) a final
model to test a research hypothesis [69]. Based on the procedure, this study first ran a model without
predictors and found it was necessary to employ the multilevel analysis. In the second phase, we
tested which variables were associated with the odds of outcome (active transportation) by performing
a likelihood-ratio test. The final model was then presented according to theoretical importance as
well as the statistical significance of variables. There are two final models each in the leisure and
shopping models. Model 1 considers individual and neighborhood variables, but only considered the
Walkability Score as a neighborhood variable, while Model 2 included additional neighborhood-level
variables in Model 1. Specifically, the dependent variable is binary, for example, an individual using
nonmotorized transportation (=1, and 0 otherwise) for leisure and shopping purposes. Model 1
included age, gender, income, and car ownership as individual variables (level 1) and the Walkability
Score as a neighborhood variable (level 2). Meanwhile, Model 2 basically included all variables used in
Model 1, but added land use mix and sidewalk length as neighborhood variables (level 2). The results
of multilevel logistic models are shown in Table 3. Since Models L–2 and S–2 contained theoretically
important neighborhood environmental variables such as land use mix and sidewalk length, the results
from both Model 1 (L–1 and S–1) and Model 2 (L–2 and S–2) are reported in this section.

4.2.1. Odds of Active Transportation for Leisure Purposes

The results of the analysis are as follows. First, the Walkability Score was insignificant in both
Models L–1 and L–2. At the 0.1 significance level, there was no evidence of statistical interaction
between the Walkability Score and the odds of nonmotorized trips in both Model L–1 (p = 0.145) and
Model L–2 (p = 0.178). Second, age was positively associated with the odds of nonmotorized trips
in this model. Older adults were more likely to use active transportation for leisure purposes. The
results are similar to a previous study, which found that young adults had a negative association
with leisure physical activity [29]. Third, car ownership was a statistically significant predictor of
nonmotorized trips. Individuals having a car are much less likely to walk or cycle for leisure purpose.
Fourth, gender and household income were not associated with the odds of nonmotorized trips in
both the models. Previous studies also showed different associations on gender and the Walk Score
(e.g., positive association of lower risk of obesity for females in urban areas [43], while showing no
significant influence on BMI for females [42]). With respect to income level, a previous study showed
that lower income individuals were more likely to walk and cycle for commuting purposes [52]. For
economic reason, the lower the income, the more likely it is to commute by walking and cycling. On
the other hand, because travel for leisure and shopping purposes are less sensitive to income than
commuting travel, it is understandable that there no significant correlation between income level and
the odds of nonmotorized trips in this study. Fifth, unlike previous studies [31,32,64–66], additional
neighborhood environmental variables, including land use mix and sidewalk length, had no statistical
relationships with the odds of nonmotorized trips in Model L–2.
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4.2.2. Odds of Active Transportation for Shopping Purposes

The results for the shopping model can be summarized as follows. First, similar to previous
studies [30,31], the Walkability Score was significantly associated with the odds of nonmotorized trips
in both Model S–1 and Model S–2. Every one-point increase in the Walkability Score was associated
with 1.5% and 1.8% higher odds of nonmotorized trips in Model S–1 (OR: 1.015, 95% CI = 1.003–1.026)
and Model S–2 (OR: 1.018, 95% CI= 1.005–1.031), respectively. Second, the female gender was positively
correlated with the odds of nonmotorized trips in both models, as they tended to walk and cycle more
for shopping purposes. Third, as with leisure models, car ownership was significantly associated
with nonmotorized trips. Individuals with cars were associated with lower odds of nonmotorized
trips for shopping. Fourth, there were contradictory results depending on individual variables. For
example, age was a significant predictor in leisure models similar to the previous study [29]; however,
it was insignificant in shopping models. Income level had no significance in both leisure and shopping
models. Fifth, similar to leisure models, there were no significant correlations between the odds of
nonmotorized trips and neighborhood variables such as land use mix and sidewalk length. Finally,
according to the intraclass correlation coefficient (ICC) value, about 4.5% of the total variance in the
odds of nonmotorized trips for shopping purposes was accounted for by differences of the Walkability
Scores between neighborhoods in Model S–1. The ICC represents the proportion of the between-group
variance compared to the total variance [70]. The interpretation of the ICC is the expected correlation
between randomly selected observations from the same group [71]. In this study, the ICC is the
proportion of variance in the odds of nonmotorized trips (outcome variable) that is explained by the
neighborhood (level 2). It indicated that neighborhood walkability was one of the most important
factors affecting individuals’ behavior of active transportation for shopping purposes. Model S–2
showed about 4.7% explanatory power of neighborhood variables (level 2), but the significance of
additional neighborhood environmental variables, such as land use mix and sidewalk length, were not
guaranteed. There are some arguments that if ICC is close to zero (typically less than 4%–5%), there is
lesser need to use a multilevel analysis [72,73]. However, it is still necessary to use multilevel analysis
in nested data [73].

5. Discussion

This study examined the correlation between the level of walkability and noncommuting trips
by conducting multilevel logistic regression analysis with the two odds of active transportation (i.e.,
walking and cycling) for leisure and shopping purposes. It is an expansion of a prior study that
revealed a positive correlation between neighborhood walkability and active commuting in Seoul [52],
since it is likely that noncommuting trips are more influenced by the neighborhood environment than
commuting trips when people walk or cycle [30]. As a result, we empirically discovered that the
walkability level of Seoul’s neighborhoods was positively correlated with the probability of active
transportation for shopping purposes while showing no statistical correlation in leisure purposes.

Discussions based on the findings are presented as follows. First, the correlation between the
Walkability Score and the nonmotorized trips varied in the leisure and shopping models. In the
shopping models, the Walkability Score was positively correlated with the odds of nonmotorized trips
(Model S–1: OR = 1.015, 95% CI = 1.003–1.026; Model S–2: OR = 1.018, 95% CI = 1.005–1.031). However,
there was no significant correlation between the Walkability Score and the odds of nonmotorized
trips for leisure purposes. This differs from the findings of previous literature that showed that the
odds ratios of walking for the Pedestrian Index of the Environment (PIE) were 1.05 for leisure and
1.04 for shopping purposes [21]. This difference is interpreted based on the indicators included in
the walkability index. While the PIE considers the 5Ds of urban form, including density, diversity,
design, destination accessibility, and distance to transit [21], the Walkability Score mainly considers
destination accessibility [25]. As mentioned earlier, the Walkability Score was assessed based on the
accessibility of amenities including grocery stores, restaurants, shopping centers [61]. Therefore, it
can be demonstrated that the Walkability Score is an index based on the accessibility of amenities that
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are more suitable for shopping than for leisure purposes. Second, other neighborhood-level variables
had no significant correlation with the odds of nonmotorized trips both in the leisure and shopping
models. From Models L–2 and S–2, no variable was significant among land use mix and sidewalk
length. This result is different from those of previous studies in which active transport (e.g., walking)
and/or physical activity was positively correlated with land use mix [31,64,65]. Meanwhile, some
studies showed mixed-use development may not provide a positive effect on walking and cycling in
some high-density cities because these cities would reduce the chance for people walking or cycling as
they can move easily to another area by public transportation [5,74,75]. This might be applied to Seoul
because it is one of the high-density cities [76] and has good public transportation in its neighborhoods.
Regarding sidewalk length, this analysis showed a similar result to the previous study that estimated
the association between sidewalk length and walking for different trip purposes [66]. It found that
neighborhood-based walking for transportation had a positive association with sidewalk length but
had no association in recreation walking, which was in line with our research on active transportation
for leisure and shopping purposes. Third, the types of individual variables that were significantly
associated with the odds of nonmotorized trips differ in the leisure and shopping models. Specifically,
older age was positively correlated with the odds of nonmotorized trips for leisure purposes, while
female gender had a positive correlation with the odds of nonmotorized trips for shopping purposes.
These results can be used to develop various urban policies. For example, older people were more
likely to have higher odds of nonmotorized trips for leisure purposes in this study. This finding
presents an important issue for further research on age-friendly community design. Environmental
factors that promote leisure walking (e.g., greener landscape, well-designed street furniture, wide
pedestrian roads, safer pathway) in the development of age-friendly communities may be considered.
In addition, a higher Walk Score was correlated to a lower risk of obesity for females in urban areas [43].
As noted from the result, the female gender tends to walk and cycle for shopping purposes; therefore,
planning a wider choice of commercial facilities in a walkable and bikeable distance in urban areas or
creating a more walkable environment for shopping could induce more physical activity for females.
Finally, according to ICC values, the level of walkability of the neighborhood was an important factor
in influencing individuals’ odds of nonmotorized trips for shopping purposes. From the results
of the multilevel analyses, the proportion accounted for by the Walkability Score in the odds of
nonmotorized trips for shopping purposes was about 4.5%. Although the ICC value was high at
9.3% in the leisure model (Model L–1), the Walkability Score was insignificant; therefore, it was not
discussed. Additionally, compared to the results of the previous study by Kim et al. [52] (ICC was 2.1%
for active commuting model), active trips for shopping had a higher ICC value (4.5%) in this study. This
indicates that the Walkability Score is a walkability index that responds more sensitively and effectively
to the odds of nonmotorized trips for shopping purposes when compared to commuting purposes.

This study has several limitations; directions for future studies to address them follow. At the
outset, even though this study found a significant correlation between the walkability and odds of
active transportation for shopping purposes, it showed no correlation between them for leisure models.
This may be due to the Walkability Score’s sensitive nature toward walking and cycling for shopping
purposes. For further direction of the study, the Walkability Score can be developed and customized
based on trip purposes. For example, it will be possible to develop a walkability index, “Walkability
Score for Leisure,” where people can search for environmental conditions for leisure purposes in their
daily lives by considering the characteristics and contents of each facility that can attract and affect
leisure trips. Second, this study examined the correlation of neighborhood walkability with active
transportation in Seoul. The city of Seoul is promoting policies regarding walking and cycling, and the
neighborhood environment is being developed toward a more walkable environment [51]. Future
research will be able to experiment with other cities in Korea, which could help identify practical
policies in urban design and transportation planning that can be used across the country. Third, since
we focused on active transportation for noncommuting trips, this study combined walking and cycling
into nonmotorized transportation. However, walkers and cyclists can have different characteristics of
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shopping and leisure trips. In a further study, an analysis comparing walking and cycling behavior
on each trip’s purposes could be discussed. Fourth, the mean ages of the participants for leisure
and shopping purposes were relatively high, corresponding to middle-aged and older adults. This
can reflect that retired people may have more time for recreational and shopping activities, and thus
they are likely to spend their time on the active mode of the trip. Nevertheless, the older age of
respondents remains a limitation. Future studies need to properly extract samples and use them for
analysis so that respondents are not biased at a specific age group. Finally, this study is a cross-sectional
design that cannot identify causal relationship over time. Cross-sectional analysis cannot identify
whether individuals walk frequently because of its walkable environmental conditions or whether
the individuals who walk a lot more choose to live in walkable neighborhoods. For further study, a
longitudinal analysis can be performed to examine the causality between walkable environment and
active transportation.

Despite these limitations, this study is significant in several aspects. First, since the correlation of
environmental walkability and active trips was analyzed using a multilevel logistic model, factors
from both individual and neighborhood levels were taken into account. Although the ICC values were
generally low at 4.5% in Model S–1 and 4.7% in Model S–2, it is suggested that multilevel modeling
is required when dealing with nested data [73]. That is, because individual-level variables were
nested within the neighborhood, the multilevel analysis allowed an examination of the impact of
multilevel factors on the dependent variable (active transportation). Second, there are few studies that
comprehensively examined active transportation for both leisure and shopping purposes. In this study,
we compared the probability of active transportation (i.e., walking and cycling) for each travel purpose
(i.e., leisure and shopping purposes) depending on the Walkability Score. Based on our findings, a
tailored policy guideline can be provided based on trip purposes. Finally, we found that the Walkability
Score, measured in Seoul, had a significant validity for examining the odds of active transportation
for shopping purposes. However, this study demonstrated that more variables should be considered
when assessing active transportation, especially for leisure purposes, as they affect not just accessibility
to local destinations but also other urban form factors such as density, diversity, and design, and the
quality of urban environments. From the findings of this study, policymakers and researchers from the
urban and transportation planning and public health fields can obtain a comprehensive understanding
of enhancing active travel in leisure and shopping, based on the primary concerns.

6. Conclusions

Walking and cycling have attracted the attention of urban planners and policymakers not only as
a means of sustainable transport but also to boost individuals’ physical activity levels [5]. The built
environment plays a crucial role in promoting active transportation, and various efforts have been
made to measure the correlation between neighborhood walkability and active trips. Meanwhile, it is
often said that a walkable neighborhood environment can promote the use of active transportation in
noncommuting trips [30]. Accordingly, this study identified the correlation between neighborhood
walkability and active transportation for leisure and shopping purposes. The results of this study
showed that the association between walkability and active transportation varies depending on trip
purposes. The results remind urban policymakers of the need to differentiate policy remedies while
promoting active transportation. Based on this study, various policy suggestions for promoting active
transportation were established, and it is expected that citizens will be encouraged to walk and cycle
and increase physical activity to enjoy a better quality of life.
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Abstract: Physical fitness (PF) is considered an excellent biomarker of health. One possible strategy to
improve PF levels is active commuting. This review, performed accordingly to the Preferred Reporting
Items for Systematic Reviews guidelines includes scientific articles published in peer-reviewed journals
up to December 2019 that aim at examining the relationship between active travel/commuting and
PF. The search was performed in three databases (PubMed, Scopus, and Web of Science). Sixteen
studies were included in this review. Findings from the 16 studies were unclear. From the eleven
studies on children and adolescents screened, eight were cross-sectional, one prospective cohort, one
quasi-experimental, and one experimental. From the five studies on adults, four were experimental
and one cross-sectional. Body mass, waist circumference, skinfolds, fat mass, cardiorespiratory fitness,
upper and lower strength tests were performed in children, adolescents, and adults. Agility and
speed tests were performed only in the young age groups. Majority of the investigations on young
ages and adults have shown positive effects or relationships between active commuting and several
attributes of PF. However, to avoid misconceptions, there is a need for future robust investigation
to identify potential mediators or confounders in this relationship. More robust investigations are
essential to understand how and whether decision-makers and public health authorities can use
active travel/commuting as a strategy to improve PF in all ages.

Keywords: active commuters; active travel; walking; cycling; physical fitness

1. Introduction

Physical inactivity is one of the main risk factors for mortality worldwide [1,2]. Therefore, there
is a global need to promote strategies to increase physical activity (PA) levels. PA can be performed
in several contexts such as work, organized sports, recreational activities, home activities, and active
travel/commuting [2–5]. Active travel/commuting is an ecological and non-motorized transport
mode for all ages, which can be characterized by a form of displacement through PA from/to home
and workplace/school. Active commuting increases individual energy expenditure and is easy to
incorporate in normal daily routines [6,7]. Active travel/commuting, such as cycling or walking, seems
to be an effective strategy to improve daily PA levels; however, it might also improve physical fitness
(PF) levels, in addition to promoting health [8–10]. Previous studies have demonstrated a strong
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association between active travel/commuting and PA levels; moreover, higher cardiorespiratory fitness
(CRF), strength levels, and lower obesity indicators values have been associated with cycling and
walking to school/work in young and adult populations [11–13].

PF is considered a biomarker of health, and the most common health-related attributes of PF
are CRF, muscular fitness (MF), and body composition [14,15]. Assessing body composition, CRF,
and/or MF attributes allows one to monitor an individual’s PA levels and health status, through
the performance of most human systems [14]. Previous reviews have examined the relationships
between active commuting and several attributes of PF at young ages [16–19]. Although some positive
associations were observed between active commuting and CRF, MF, and body composition, the results
are not consistent [20–22]. Furthermore, even though there are some studies among adults, there are no
systematic reviews examining associations between PF and active travel/commuting in adults [23,24].
For that reason, the relationship between active travel/commuting and PF among several age groups is,
thus far, unclear. The aim of this study was to systematically review the evidence on the association
between PF and active travel/commuting in both young and adult populations.

2. Materials and Methods

This systematic review was performed in accordance to the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) guidelines [25].

2.1. Inclusion Criteria

This review includes scientific articles published in peer-reviewed journals until December 31
2019 that aim at examining the relationship between active travel/commuting and PF. Inclusion criteria
for articles to be eligible for this review were the following: (1) having a cross-sectional, prospective,
observational, cohort, or experimental study design (study design criteria); (2) presenting outcomes of
PF, including body composition, CRF, and MF (outcome criteria); (3) examining the association between
PF and active travel/commuting (data analysis criteria); (4) focusing on young or adult population
(participants criterion); (5) being published in English, Portuguese, or Spanish (language criteria);
(6) not having been included in a previous systematic review on the same topic. Articles not meeting
all of the inclusion criteria were excluded from the systematic review (exclusion criteria).

2.2. Search Strategy

Three international databases were screened, including PubMed, Scopus, and Web of Science, with
scientific articles published in peer-reviewed journals until 31 December 2019 aiming at examining the
association between active travel/commuting and PF being identified. In each database, a search was
performed through a pre-defined combination of keywords sought in the title and abstract of articles.
The combination of keywords used was the following: travel* OR transport* OR commut* OR cycle OR
cycling OR bicycl* OR bik* OR walk* OR AND fitness* OR physical function OR physiological function
OR physical health OR physiological health*. After the search, identified articles were screened for
duplicates and were removed if there were duplicates. Then, title and abstract of identified articles
were screened by two authors (D.H.-N.; M.P.) in order to identify studies that met all the inclusion
criteria. After screening, articles identified as relevant were retrieved for full text analysis. Full text
articles were examined by three authors (D.H.-N.; M.P.; A.M.) for inclusion in the systematic review,
and the decision to include or exclude articles from the systematic review was made by consensus.
The review protocol was not registered in PROSPERO due to organizational constraints.

2.3. Data Extraction and Harmonization

Based on PRISMA, a data extraction form was developed [25]. The following information was
obtained from each manuscript: authors’ name and year of publication, study design, country, sample
characteristics (number of participants, gender, age), the instruments for assessing PF levels, the
instruments for assessing active travel or active commuting, main results, and investigation quality.
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The extraction was achieved by one author (D.H.-N.), and coding was verified by two authors. (S.G.;
P.S.-M.)

2.4. Study Quality and Risk of Bias

The Quality Assessment Tool for Quantitative Studies checklist was used to assess the articles’
quality [26]. This checklist includes 19 items, which assessed the following criteria: selection bias,
study design, confounders, blinding, data collection methods, withdrawals and dropouts, intervention
integrity, and analyses. The 19 items were divided in the 8 sections listed above and for each section a
score of strong, moderate, or weak methodological quality was given. From the interpretation of the
scores of each section, an overall score was given to each article. The study quality and risk-of-bias
procedure was performed by two authors (S.G.; A.M.).

2.5. Synthesis of Results

This systematic review examined the association between PF and active travel/commuting in
young and adult populations. A synthesis of the results and characteristics (such as, design, participant
characteristics and sample size, measures, main results, and investigation quality) of each included
article are presented. A narrative review of the included studies was performed.

3. Results

3.1. Search Results

A total of 1313 articles were identified during the search. Of those, 683 were identified as duplicates,
resulting in 603 articles for the title and abstract screening. In this phase, 27 articles were extracted
for full text read, from which 11 were excluded for not meeting the inclusion criteria, namely: three
were not focused in active travel/commuting, two were systematic reviews, four were cited in previous
systematic reviews, and two were written in Korean or Japanese. Thus, 16 articles were identified as
relevant. The flow chart of study selection is presented in Figure 1.

 

Figure 1. Flow diagram of investigation selection.
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3.2. Investigation Characteristics

Tables 1 and 2 present the characteristics of the studies for children/adolescents and adults,
respectively. Seventeen articles were included for final qualitative analysis, with 11 studies targeting
the young population, i.e., children (up to 13 years old) and adolescents (up to 18 years old), and five
studies that focused on the adult population. Every study was either focused on children/adolescents
or on adults. None of the included studies were focused on children/adolescents and adults at the
same time. All studies were mainly completed in Europe, for both populations.

3.2.1. Children/Adolescent

From the 11 studies focused on children/adolescents, four were performed in Spain, two in
England, two in Norway, one in Sweden, one in Brazil, and one in Colombia. Furthermore, eight
were cross-sectional [3,12,27–32], one prospective cohort [33], one quasi-experimental [34], and one
experimental [35]. The CRF was the PF attribute assessed the most (nine studies), while MF was
assessed in three studies [3,27], and agility in two studies [3,31]. Only one study assessed the speed [31].
Active commuting was reported by the participants in most studies (ten studies), except for one study
in which the parents reported how their child usually went to school [29]. Distance from house to
school, used in one study, was calculated by Google Maps. Seven studies showed a positive association
between PF levels and active commuting, mainly in participants who cycled. Two studies observed a
positive effect of active commuting on PF attributes assessed in girls but not in boys, and the other five
studies found no relationship between active commuting with body composition, CRF, upper strength,
and lower strength. Only two studies reported results related to body composition variables. From 11
investigations subjected to methodological quality analysis, one strong, nine moderate, and one weak
investigation were identified (Table 1).

In six studies activity, commuting was positively associated with PF [12,27,28,30,33,35]. Active
commuting by cycling improves CRF [12,30,35], body composition [12], and muscular strength [27].
One experimental investigation [35] concluded that active commuting improves the CRF, while another
quasi-experimental investigation [34] did not find associations between active commuting and PF. The
only prospective investigation screened showed that active commuting by cycling in children over
a span of six years, increased the PF in 14% [33]. On the other hand, in four studies an association
between active commuting and PF was not observed [3,29,32,34]. In one study, mixed results were
observed. Girls who actively commuted to school showed better levels of upper limb strength and
velocity. However, non-significant associations were observed in boys [31].

3.2.2. Adults

Results of the studies in adult are presented in Table 2. For adults, five studies were identified:
two in Denmark, one in Belgium, one in Finland, and one in Switzerland. From these five studies, four
were experimental and two cross-sectional. The CRF was assessed in all studies, while MF was assessed
in only one study. Variables of active commuting were assessed mainly by self-report, GPS (global
position system), and Google Maps. From the 5 studies with adults, two were classified as having
strong methodological quality, one moderate, and two weak methodological qualities. In general, a
positive effect of active commuting on PF attributes was observed. Cycling to work has the potential to
increase physical performance in an untrained people [36], and bicycle commuting improve CRF and
reduced body fat [13,24,37]. Four weeks of active commuting can lead to improvements in CFR [38].

4. Discussion

The aim of this systematic review was to examine the association between PF and active
travel/commuting in young and adult populations. Studies published until December 2019 were
identified according to the inclusion criteria. A total of 16 studies were systematically reviewed. Some
studies, in young and adult samples, demonstrated that active commuting is related to PF levels.
However, in young populations, four studies did not find positive effects of active commuting on
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PF levels. Overall, the results between active commuting and PF levels in adults seem to be more
consistent than those at young ages.

4.1. Children/Adolescents

Firstly, CRF is an attribute with a higher genetic component and increases only 8%–9% with three
weekly bouts of 20 min of PA, at 80%–90% of maximum heart rate, for 10–12 weeks [39]. Secondly,
some tests are flawed, with respect to the estimation of peak VO2 in mL/kg/min at young ages [40].
Other factors that can explain the non-association between active commuting and CRF in young
ages are as follows: The age of participants, mode of active commuting (e.g., walking or cycling),
lower active commuting distance, high-deprivation neighborhoods, frequency of commuting, and the
overall amount of time spent being an active commuter [12,28,30,33]. When examining the association
between active commuting and MF, the authors observed that cyclists had higher handgrip strength
and walkers had higher vertical jump peak power when compared with non-active commuters [27].
Furthermore, positive association was observed between active commuting and upper limb strength
in girls but not in boys [31]. This result is crucial to retain, in order to understand the various impacts
of active commuting on girls and boys. Different results in PF between girls and boys can be explained
because the girls usually have lower levels of PA and MF than boys. The specific type of physical
exercise (walking or cycling) promotes specific physiologic adaptations, which act in several intensities
on several attributes of PF [41,42].

The positive association between active commuting and CRF in prospective study [35] is in
accordance with previous investigations, which concluded that promoting active commuting to
school among children and adolescents may be a useful strategy to improve CRF and other health
outcomes [11,43,44]. Our discoveries highlighted the variability of the investigations’ results, which
can be explained by different methodologies applied and/or non-control of other confounders. The
social environment and the neighborhood characteristics are crucial factors to be considered when
promoting active commuting in youth [30]. Overall, active commuting is associated with healthier
levels of PF among youth. The findings from this systematic review concur with those from previous
systematic reviews [18,19].

4.2. Adults

From the five studies screened, a positive association between active commuting and several PF
attributes was observed. A cross-sectional investigation showed a positive association between active
commuting and metabolic health, along with the beneficial impact on the promotion of the PA levels in
adults. However, no association between active commuting and CRF and MF was found [13].

Four intervention investigations used cycling to analyze the potential positive effects of active
commuting on PF levels. After one year of experimental investigation, the authors concluded that
cycling to work had a positive effect on CRF levels on the intervention group [36]. The experimental
investigation, performed over six months, showed active bike commuters presented better CRF than
the non-active commuting group, but not when compared with the group that performed vigorous
PA in leisure time [24]. Both active groups had similar improvements [24]. However, it seems that
for the same period of intervention, the intensity of PA plays an essential role in the improvement of
CRF [45]. The majority of studies performed in adults indicated that active commuters had greater
cardiovascular fitness, especially those who cycled to and from work. Cycling to and from work seems
to be an essential tool to reduce the time required to expend a given quantity of energy. Additionally,
high-intensity physical exercises seem to be a fundamental exercise component to increase CRF, and
they serve as a protective factor against several metabolic diseases [24,45,46]. Active commuting
improved the cardiometabolic health and CRF in both groups, but with slow effects in the active
commuting group when compared with the leisure-time vigorous-intensity group [24]. Previous
investigations have shown the impact of lifestyle exercise on adiposity, while the changes in CRF seem
to be more dependent on the exercise intensity [45,47].
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Several limitations have been identified in these investigations, which can explain the results.
However, it was possible to identify potential mediators or confounders, which can influence the
relationship between active commuting and the results of several attributes of PF [13,23]. Although
most studies examined the effects of active commuting and non-active commuting, an experimental
investigation analyzed the effect of E-Bike versus bike commuting on CRF in overweight adults, which
concluded that both bike systems increased CRF levels, even if the bikes were electrically assisted [38].

Ambiguous or inconsistent results observed mainly among children and adolescents in this
systematic review can be the result of the several methodologies used to access PF attributes, the type
of active commuting, the type of population, the geographic area, and the environmental context.
Additionally, the measures of active commuting extensively varied (e.g., frequency, duration, and
distance) among the investigations screened in this systematic review. Due to all these factors, rigorous
comparison among investigations is highly limited.

This systematic review is not without some limitations. Firstly, active travel/commuting was
self-reported in all the included studies. This may be subject to bias, especially at young ages. Secondly,
most investigations do not control the intensity of active commuting. Thirdly, studies were mainly
focused on a specific world area in high- or mid-income countries. Finally, the terms selected to identify
investigations that examined active commuting and PF could have excluded several articles (e.g., ones
in which the predefined terms were found neither in the title nor the abstract).

Overall, the results seem to indicate that active travel/commuting and PF are positively associated
in young and adult population. Walking and cycling are common modes used by young active
commuters. Young cyclists had higher CRF level, while walkers had better MF levels. In adults,
cycling is the principal mode of active commuting and is associated with greater PF levels, especially
CRF. Active commuting by cycling increases the intensity level of physical activity and seems to be an
excellent strategy to improve the PF levels. These findings highlight that active commuting promotes
health status. However, for all entities who promote active commuting, it is essential considering
factors such as age, sex, and environment at the moment to select the adequate active commuting mode.

5. Conclusions

Findings from this review suggest that among younger ages, active travel/commuting is
inconsistently related to PF and that several factors should be considered to compare the effectiveness
of active commuting in improving PF outcomes in children and adolescents. Findings of studies in
adults demonstrated the positive effect of active commuting on CRF and body composition. Overall,
most studies have shown a positive relationship between active commuting and several attributes of
PF. Additionally, active commuting, by cycling, seems to have a more positive impact on several PF
attributes. However, there is a need to identify potential mediators or confounders in this relationship,
in order to avoid misconceptions. More investigations on this topic are essential to understand how
and whether decision makers and public health authorities can use active travel/commuting as a
strategy to improve PF in all ages. In order to achieve that, it is important that future investigation
pursue a more detailed approach when examining active travel/commuting, especially taking into
account its context and specificity.
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Abstract: Introduction: Physical activity (PA) is a beneficial health behaviour, however most
adolescents worldwide are physically inactive. Updated information on the prevalence and trends of
PA is important to inform national and international authorities and support countries’ public health
policies and actions. This study aimed to present the worldwide, regional, and national prevalence
of PA participation according to its frequency in adolescents. Methods: This study is based on
cross-sectional surveys of adolescents’ populations from several countries and all regions worldwide.
The sample comprised 520,533 adolescents (251,788 boys; 268,745 girls), from 105 countries and
regions. Results: Most adolescents engaged in PA up to 3 days/week (57.1%; 95% CI: 56.9; 57.2). The
prevalence of engaging in PA every day decreases over the age from 28.2% at age of 11–12 years
(95% CI: 27.4; 29.0) to 21.2% at age of 16–17 years (95% CI: 20.3; 22.0) among boys; and from 19.4%
(95% CI: 18.5; 20.2) to 11.1% (95% CI: 10.1; 12.0) among girls. For boys and girls who engaged in
PA 5-6 days/week, the prevalence increases from countries with the lowest human development
index to countries with the highest. Cambodia (7.3%, 95% CI: 3.8; 10.8), Philippines (7.7%, 95% CI:
5.6; 9.7), Sudan (8.8%, 95% CI: 4.7; 12.9), Timor-Leste (8.9%, 95% CI: 5.5; 12.3), and Afghanistan
(10.1%, 95% CI: 6.1; 14.1) were the countries with the lowest prevalence of sufficient PA. Conclusions:
National, regional, and worldwide data on the prevalence of physical activity in adolescents highlights
the importance of improving the global levels of PA, especially in girls. Identifying the factors causing
the age-related decrease in physical activity levels will permit public health entities to define priority
actions and policies against physical inactivity.

Keywords: sports; physical exercise; young people; physical inactivity

1. Introduction

Physical activity (PA) is an important health behaviour. Among children and adolescents, PA
has a significant impact on cardiovascular, bone, and metabolic health, improving fitness, weight
status, and sleep [1]. Besides physical health benefits, there is increasing evidence on the cognitive,
psychological, and social benefits of PA [2]. Furthermore, PA benefits obtained during adolescence can
be transferred into adulthood [1,3]. To achieve these benefits, adolescents are recommended to engage
in moderate-to-vigorous intensity PA at least 60 min every day [4].
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Promoting PA is of importance to public health. Even if PA recommendations are not attained,
major improvements in health can be achieved from modest increases in regular PA [5]. Furthermore,
some evidence suggests that those who are below the current public health recommendations benefit
more from increases in PA than those who are already within the recommendations [1]. Thus, the
public health impact of PA and the potential benefits of even small population-wide increases are
considerable [1].

Despite all the health benefits of PA, most adolescents worldwide are physically inactive. It is
estimated that 77.6% of boys and 84.7% of girls aged 11 to 17 years old are physically inactive [6]. The
evidence also suggests that PA declines during adolescent years [6,7]. Updated information on the
prevalence and trends of physical inactivity is important to inform national and international authorities
and support countries’ public health policies and actions. Nonetheless, previous studies focused on
the percentage of adolescents who did not practice enough PA to achieve PA recommendations [6–8].
Thus, all adolescents who did not achieve the PA recommendations were grouped in the same group.
However, considering in the same group adolescents who do not practice enough PA on any day of the
week with adolescents who practice 3 or more days/week for at least 60 min of PA may not be useful
for policymakers and public health promoters. Knowledge of PA participation prevalence according to
frequency, i.e., times practiced per week, is also crucial as it presents more detailed data and allows for
further action and tailored public health strategies in each country. Thus, the aim of this study, using
cross-sectional survey data, was to present the worldwide, regional, and national prevalence of PA
participation according to its frequency in adolescents aged 11 to 17 years.

2. Materials and Methods

2.1. Participants and Procedures

This study is based on cross-sectional surveys of adolescents’ populations from several countries,
from all regions worldwide. Data were collected from representative national sample sizes of at least
100 adolescents, from 105 countries. Data were from national and international surveys, namely the
Health Behaviour in School-aged Children (HBSC), the Global School-Based Student Health Survey
(GSHS), the Youth Risk Behavior Surveillance (YRBS), the Pesquisa Nacional de Saúde do Escolar
(PENSE), and the Encuesta Nacional de Salud y Nutrición (ENSNUT). The final database, with data
from all surveys, consisted of 558,443 adolescents. As the surveys did not collect data from adolescents
within the same age range, only adolescents aged 11 to 17 years were selected to allow comparison
between countries. Adolescents with missing data/non-response on PA were removed from the sample.
The final sample comprised 520,533 adolescents (251,788 boys, 268,745 girls) from 105 countries and
eight regions.

Data collected in surveys were self-reported. Adolescents were asked to report the number of days
they were physically active for a total of at least 60 min per day in the last 7 days. Answers were given
on an 8-point scale (0 = none to 7 = daily). This is a valid and reliable question assessing adolescents’
PA at an epidemiological level [9,10], and it has been used in several studies [6,11–13]. Although the
data came from different surveys (HBSC, GSHS, YRBS, PENSE, ENSANUT), it should be noted that in
all surveys the same question was used to assess the adolescents’ PA levels. Adolescents were provided
with a definition of PA accompanied by examples of some age-relevant activities (e.g., running, cycling,
dancing, playing football, basketball).

2.2. Data Analysis

For the entire sample, descriptive statistics were calculated (percentages and 95% confidence
interval). To estimate the prevalence of PA levels, data were stratified by sex, age (11 to 12 years,
13 to 15 years, 16 to 17 years), eight world regions (1. Central and Eastern Europe, 2. Central Asia,
the Middle East, and North Africa, 3. East and southeast, Asia, 4. High-income Western countries,
5. Oceania, 6. Sub-Saharan Africa, 7. South Asia, 8. Latin America and the Caribbean), adapted from
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the World Bank and previous studies [6,14], human development index (HDI) (low, middle, high, very
high), and countries [15]. PA was recoded into 1 to 2 days/week, 3 to 4 days/week, 5 to 6 days/week,
and every day. The daily practice of moderate to vigorous PA of at least 60 min was defined as reaching
the PA recommendation [4]. Descriptive data are presented as percentages. The prevalence of PA
levels was calculated along with a 95% confidence interval (CI). Data analysis was performed using
IBM SPSS Statistics version 25.

3. Results

Table 1 presents the sample distribution according to age, HDI, and PA levels. Boys and girls
presented different figures. About half of the boys (50.1%; 95% CI: 49.8, 50.2) engaged in PA up to
3 days/week and for girls, the prevalence was 63.6% (95% CI: 63.4, 63.8). For every day PA, boys
presented a higher prevalence than girls (22.1%; 95% CI: 21.7, 22.4 vs. 12.6%, 95% CI: 12.2, 12.9).

Table 1. Participants’ characteristics.

Total (n = 520,533) Boys (n = 25,1788) Girls (n = 268,745)

n % (95% CI) n % (95% CI) n % (95% CI)

Age
11 years 55,782 10.7 (10.5, 11.0) 27,153 10.8 (10.4, 11.2) 28,629 10.7 (10.3, 11.0)
12 years 25,609 4.9 (4.7, 5.2) 12,246 4.9 (4.5, 5.2) 13,363 5.0 (4.6, 5.3)
13 years 116,031 22.3 (22.1, 22.5) 54,536 21.7 (21.3, 22.0) 61,495 22.9 (22.6, 23.2)
14 years 116,894 22.5 (22.2, 22.7) 55,184 21.9 (21.6, 22.3) 61,710 23.0 (22.6, 23.3)
15 years 131,520 25.3 (25.0, 25.5) 64,961 25.8 (25.5, 26.1) 66,559 24.8 (24.4, 25.1)
16 years 53,582 10.3 (10.0, 10.6) 27,251 10.8 (10.5, 11.2) 26,331 9.8 (9.4, 10.2)
17 years 21,115 4.1 (3.8, 4.3) 10,457 4.2 (3.8, 4.5) 10,658 4.0 (3.6, 4.3)

HDI
Very high 225,408 43.3 (43.1, 43.5) 110,258 43.8 (43.5, 44.1) 115,150 42.8 (42.6, 43.1)

High 185,430 35.6 (35.4, 35.8) 89,604 35.6 (35.3, 35.9) 95,826 35.7 (35.4, 36.0)
Middle 87,088 16.7 (16.5, 17.0) 40,249 16.0 (15.6, 16.3) 46,839 17.4 (17.1, 17.8)

Low 22,607 4.3 (4.1, 4.6) 11,677 4.6 (4.3, 5.0) 10,930 4.1 (3.7, 4.4)

PA
Never 94,279 18.1 (17.9, 18.4) 37,395 14.9 (14.5, 15.2) 56,884 21.2 (20.8, 21.5)

1 days/week 69,607 13.4 (13.1, 13.6) 29,089 11.6 (11.2, 11.9) 40,518 15.1 (14.7, 15.4)
2 days/week 68,091 13.1 (12.8, 13.3) 29,280 11.6 (11.3, 12.0) 38,811 14.4 (14.1, 14.8)
3 days/week 64,870 12.5 (12.2, 12.7) 30,111 12.0 (11.6, 12.3) 34,759 12.9 (12.6, 13.3)
4 days/week 50,501 9.7 (9.4, 10.0) 25,403 10.1 (9.7, 10.5) 25,098 9.3 (9.0, 9.7)
5 days/week 51,611 9.9 (9.7, 10.2) 27,098 10.8 (10.4, 11.1) 24,513 9.1 (8.8, 9.5)
6 days/week 32,193 6.2 (5.9, 6.4) 17,855 7.1 (6.7, 7.5) 14,338 5.3 (5.0, 5.7)
Every day 89,381 17.2 (16.9, 17.4) 55,557 22.1 (21.7, 22.4) 33,824 12.6 (12.2, 12.9)

Abbreviation: HDI, Human development index; PA, physical activity.

In Table 2, the prevalence of PA levels stratified by age groups is presented. The prevalence of the
lowest level of PA (never) increases from 11 to 12 years to 16 to 17 years among boys and girls. Overall,
the biggest increase is from 11 to 12 years to 13 to 15 years. From the ages of 13 to 15 to 16 to 17 years,
the increase is slight. On the other hand, the prevalence of engaging in PA every day decreases over the
age from 28.2% (95% CI: 27.4, 29.0) to 21.2% (95% CI: 20.3, 22.0) among boys, and from 19.4% (95% CI:
18.5, 20.2) to 11.1% (95% CI: 10.1, 12.0) among girls. The prevalence of PA 3 to 4 days/week and 5 to
6 days/week also decreases with age among boys and girls.
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Table 2. Physical activity levels according to age, stratified by sex.

Age

11–12 Years 13–15 Years 16–17 Years

Boys % (95% CI) % (95% CI) % (95% CI)

Never 6.7 (5.8, 7.7) 16.0 (15.6, 16.5) 17.9 (17.0, 18.9)
1–2 days/week 16.7 (15.8, 17.6) 23.6 (23.2, 24.0) 28.0 (27.1, 28.9)
3–4 days/week 24.9 (24.1, 25.8) 22.0 (21.6, 22.4) 19.1 (18.2, 20.0)
5–6 days/week 23.4 (22.6, 24.3) 17.5 (17.0, 17.9) 13.8 (12.9, 14.7)

Every day 28.2 (27.4, 29.0) 20.9 (20.5, 21.3) 21.2 (20.3, 22.0)

Girls % (95% CI) % (95% CI) % (95% CI)

Never 8.4 (7.5, 9.4) 23.1 (22.7, 23.5) 25.6 (24.7, 26.5)
1–2 days/week 21.9 (21.0, 22.7) 30.0 (29.6, 30.4) 35.7 (34.8, 36.5)
3–4 days/week 28.3 (27.5, 29.1) 21.9 (21.5, 22.3) 17.3 (16.4, 18.3)
5–6 days/week 22.1 (21.2, 22.9) 13.6 (13.2, 14.0) 10.4 (9.4, 11.3)

Every day 19.4 (18.5, 20.2) 11.4 (11.0, 11.8) 11.1 (10.1, 12.0)

The levels of PA according to the HDI is presented in Table 3. The prevalence of never engaging
in PA of at least 60 min/day is more pronounced in countries with the lowest HDI. For boys and girls,
the prevalence decreases moderately among low HDI countries to high HDI countries. However,
there is a very sharp decrease in countries with very high HDI. In boys and girls who engaged in PA
5 to 6 days/week, the prevalence increases from the countries with the lowest HDI to the countries
with the highest HDI. For PA every day, boys from countries with very high HDI presented a slightly
higher prevalence (24.7%, 95% CI: 24.2, 25.2) compared to those from countries with high, middle
and low HDI. For the girls, no clear pattern was observed. The highest prevalence for achieving PA
recommended levels were from the countries with the lowest HDI (16.5%, 95% CI: 14.8, 18.2) and
highest HDI (14.7%, 95% CI: 14.2, 15.2).

Table 3. Physical activity levels according to the human development index, stratified by sex.

Human Development Index

Low Middle High Very High

Boys % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Never 30.2 (28.7, 31.7) 25.3 (24.5, 26.2) 19.1 (18.6, 19.7) 5.9 (5.3, 6.5)
1–2 days/week 32.1 (30.7, 33.6) 31.9 (31.1, 32.7) 24.2 (23.7, 24.8) 18.2 (17.7, 18.7)
3–4 days/week 12.0 (10.3, 13.7) 14.8 (13.9, 15.7) 20.7 (20.1, 21.3) 26.9 (26.4, 27.4)
5–6 days/week 6.8 (5.0, 8.6) 9.6 (8.6, 10.5) 15.1 (14.5, 15.7) 24.3 (23.8, 24.8)

Every day 18.9 (17.3, 20.5) 18.4 (17.5, 19.3) 20.8 (20.2, 21.4) 24.7 (24.2, 25.2)

Girls % (95% CI) % (95% CI) % (95% CI) % (95% CI)

Never 36.4 (34.9, 37.9) 30.2 (29.5, 31.0) 31.0 (30.5, 31.6) 7.8 (7.2, 8.4)
1–2 days/week 30.9 (29.3, 32.4) 35.6 (34.9, 36.3) 29.9 (29.3, 30.4) 26.6 (26.1, 27.1)
3–4 days/week 9.8 (8.0, 11.6) 14.0 (13.1, 14.8) 18.3 (17.7, 18.9) 30.1 (29.6, 30.6)
5–6 days/week 6.4 (4.6, 8.2) 8.3 (7.5, 9.2) 10.8 (10.2, 11.4) 20.7 (20.2, 21.3)

Every day 16.5 (14.8, 18.2) 11.8 (11.0, 12.7) 10.0 (9.4, 10.6) 14.7 (14.2, 15.2)

The prevalence of PA levels according to regions is presented in Table 4. Across all regions, girls
were less active than boys. For boys and girls, the lowest prevalence of never doing PA was observed in
Central and Eastern Europe, and in high-income Western countries. Conversely, South Asian countries
presented the highest prevalence. The regions that showed the highest prevalence of never doing PA
are the same that showed the highest prevalence for doing PA daily. Among girls, the results were
quite different. Girls from South Asia were the ones that had the highest prevalence in achieving PA
recommended levels.

94



IJERPH 2020, 17, 3145

T
a

b
le

4
.

Ph
ys

ic
al

ac
ti

vi
ty

le
ve

ls
ac

co
rd

in
g

to
re

gi
on

s,
st

ra
ti

fie
d

by
se

x.

R
e

g
io

n

C
e

n
tr

a
l

a
n

d
E

a
st

e
rn

E
u

ro
p

e

C
e

n
tr

a
l

A
si

a
,

M
id

d
le

E
a

st
,

a
n

d
N

o
rt

h
A

fr
ic

a

E
a

st
a

n
d

S
o

u
th

e
a

st
A

si
a

H
ig

h
-I

n
co

m
e

W
e

st
e

rn
C

o
u

n
tr

ie
s

O
ce

a
n

ia
S

u
b

-S
a

h
a

ra
n

A
fr

ic
a

S
o

u
th

A
si

a
L

a
ti

n
A

m
e

ri
ca

a
n

d
C

a
ri

b
b

e
a

n

B
o

y
s

%
(9

5%
C

I)
%

(9
5%

C
I)

%
(9

5%
C

I)
%

(9
5%

C
I)

%
(9

5%
C

I)
%

(9
5%

C
I)

%
(9

5%
C

I)
%

(9
5%

C
I)

N
ev

er
3.

3
(2

.4
,4

.3
)

19
.0

(1
7.

8,
20

.3
)

23
.5

(2
2.

4,
24

.6
)

3.
5

(2
.7

,4
.2

)
26

.4
(2

4.
2,

28
.6

)
27

.5
(2

5.
7,

29
.3

)
35

.1
(3

3.
1,

37
.2

)
22

.3
(2

1.
7,

22
.9

)
1–

2
da

ys
/w

ee
k

15
.0

(1
4.

1,
15

.9
)

32
.4

(3
1.

3,
33

.6
)

34
.0

(3
3.

0,
35

.0
)

16
.2

(1
5.

5,
16

.9
)

31
.0

(2
8.

8,
33

.2
)

30
.9

(2
9.

2,
32

.6
)

28
.6

(2
6.

4,
30

.7
)

25
.4

(2
4.

9,
26

.0
)

3–
4

da
ys
/w

ee
k

27
.2

(2
6.

3,
28

.0
)

18
.1

(1
6.

8,
19

.4
)

16
.0

(1
4.

9,
17

.1
)

28
.8

(2
8.

1,
29

.4
)

13
.9

(1
1.

5,
16

.4
)

15
.1

(1
3.

2,
17

.0
)

9.
8

(7
.4

,1
2.

3)
19

.2
(1

8.
6,

19
.8

)
5–

6
da

ys
/w

ee
k

25
.9

(2
5.

1,
26

.7
)

8.
7

(7
.3

,1
0.

0)
8.

7
(7

.5
,9

.9
)

26
.8

(2
6.

2,
27

.5
)

12
.9

(1
0.

5,
15

.4
)

8.
2

(6
.2

,1
0.

2)
6.

3
(3

.8
,8

.8
)

14
.0

(1
3.

3,
14

.6
)

Ev
er

y
da

y
28

.6
(2

7.
8,

29
.4

)
21

.7
(2

0.
5,

23
.0

)
17

.8
(1

6.
6,

18
.9

)
24

.7
(2

4.
0,

25
.4

)
15

.7
(1

3.
3,

18
.1

)
18

.3
(1

6.
4,

20
.1

)
20

.2
(1

7.
9,

22
.5

)
19

.1
(1

8.
5,

19
.7

)

G
ir

ls
%

(9
5%

C
I)

%
(9

5%
C

I)
%

(9
5%

C
I)

%
(9

5%
C

I)
%

(9
5%

C
I)

%
(9

5%
C

I)
%

(9
5%

C
I)

%
(9

5%
C

I)

N
ev

er
4.

5
(3

.6
,5

.4
)

26
.3

(2
5.

2,
27

.5
)

26
.8

(2
5.

8,
27

.8
)

4.
4

(3
.6

,5
.1

)
30

.0
(2

8.
0,

32
.0

)
34

.9
(3

3.
3,

36
.4

)
37

.0
(3

4.
7,

39
.4

)
35

.6
(3

5.
1,

36
.2

)
1–

2
da

ys
/w

ee
k

21
.7

(2
0.

9,
22

.6
)

39
.2

(3
8.

2,
40

.3
)

44
.1

(4
3.

2,
45

.0
)

24
.2

(2
3.

6,
24

.9
)

31
.3

(2
9.

4,
33

.3
)

33
.5

(3
1.

9,
35

.1
)

22
.6

(2
0.

0,
25

.2
)

29
.9

(2
9.

3,
30

.4
)

3–
4

da
ys
/w

ee
k

31
.9

(3
1.

1,
32

.7
)

15
.2

(1
3.

9,
16

.4
)

15
.3

(1
4.

2,
16

.4
)

33
.6

(3
3.

0,
34

.2
)

13
.8

(1
1.

6,
16

.0
)

13
.1

(1
1.

3,
14

.9
)

8.
0

(5
.1

,1
0.

8)
15

.5
(1

4.
9,

16
.1

)
5–

6
da

ys
/w

ee
k

23
.4

(2
2.

6,
24

.2
)

6.
8

(5
.6

,8
.1

)
6.

0
(4

.8
,7

.1
)

23
.4

(2
2.

7,
24

.0
)

11
.5

(9
.3

,1
3.

7)
6.

0
(4

.1
,7

.9
)

8.
4

(5
.5

,1
1.

3)
9.

6
(8

.9
,1

0.
2)

Ev
er

y
da

y
18

.5
(1

7.
6,

19
.3

)
12

.5
(1

1.
2,

13
.7

)
7.

9
(6

.8
,9

.0
)

14
.4

(1
3.

7,
15

.1
)

13
.4

(1
1.

2,
15

.6
)

12
.5

(1
0.

7,
14

.4
)

24
.0

(2
1.

4,
26

.6
)

9.
4

(8
.7

,1
0.

0)

95



IJERPH 2020, 17, 3145

Cambodia (7.3%, 95% CI: 3.8, 10.8), Philippines (7.7, 95% CI: 5.6, 9.7), Sudan (8.8, 95% CI: 4.7,
12.9), Timor-Leste (8.9, 95% CI: 5.5, 12.3), and Afghanistan (10.1, 95% CI: 6.1, 14.1) were the countries
with the lowest prevalence of sufficient PA. Three of those countries are from East and Southeast Asia
(Cambodia, Philippines, and Timor-Leste). From the other regions, the countries with the lowest
prevalence of sufficient PA were Italy from the High-income Western countries (10.3%, 95% CI: 7.3,
13.2), Syria from Central Asia, Middle East, and North Africa (10.6%, 95% CI: 7.2, 13.9), Vanuatu from
Oceania (11%, 95% CI: 5.4, 16.6), Curaçao from Latin America and the Caribbean (11.7, 95% CI: 7.7,
15.8), Mauritania from Sub-Sharan Africa (12.1%, 95% CI: 7.9, 16.3), and Estonia from Central and
Eastern Europe (16.4%, 95% CI: 13.6, 19.3). Countries that presented the highest prevalence of PA
every day, achieving the PA recommended levels, were Finland (27.9, 95% CI: 25.7, 30.0), Albania
(28.0, 95% CI: 25.6, 30.3), Bulgaria (28.6, 95% CI: 26.2, 31.0), the United States (32.3, 95% CI: 30.9, 33.8),
and Bangladesh (48.2, 95% CI: 45.6, 50.8). Considering PA ≥5 days per week, countries that presented
the highest prevalence were Iceland (53.7, 95% CI: 52.3, 55.0), the United States (56.7, 95% CI: 55.6, 57.9),
Canada (58.0, 95% CI: 56.9, 59.1), Finland (58.7, 95% CI: 57.0, 60.3), and Bangladesh (59.7, 95% CI: 57.4,
62.1). Table A1 shows the physical activity levels by regions and countries (Appendix A).

4. Discussion

This study found that the prevalence of adolescents doing sufficient PA was low. Less than 20%
of the adolescents engaged in PA every day and almost 20% never engaged in PA. Regardless of the
country, region, HDI, or age group, adolescent girls revealed consistently lower PA levels than boys.
These results reinforce the urgent need for worldwide international, national, and local agencies to
take action to promote PA, especially among girls. Interventions conducted for improving girls’ PA
have shown small but significant effects [16]. Successful strategies for changing girls’ PA were found
for interventions that were theory-driven, multi-component in design, school-based, and that also
offer physical education, which addresses the unique needs of girls and targeting girls only [16,17].
Engagement with young people, such as active listening to their voices, has also been identified as an
important way of developing meaningful PA opportunities [18,19].

The scaling up of implementing known effective policies and programs as well as social marketing
campaigns combined with community-based interventions have been suggested for increasing PA
in adolescents, particularly in girls [6]. Overall, recent evidence of PA trend studies indicates that
the percentage of physically active adolescent girls has not increased over the years [6,20]. This
suggests that programs and policies to promote PA among adolescent girls are having limited success.
Nevertheless, in another trend study, an increase in the prevalence of PA among girls has been found
aged 11 to 15 years from 10 out of 32 countries [21]. Understanding why these countries succeed in
improving girls’ PA levels might be important in helping to define and implement more effective
policies and strategies.

Another major finding from our study was that sufficient PA decreases with age among boys and
girls, which is in line with previous literature [22]. In our study, a decrease with age seems to be similar
in both sexes, i.e., around 7% to 8% from 11 to 12 years to 16 to 17 years. However, the biggest decrease
in meeting the PA levels is from 11 to 12 years to 13 to 15 years. Therefore, early adolescence seems to
be a critical period for either preventing the PA decline or promoting PA. Furthermore, considering
that PA decline starts at ages 6 to 7 [22], that PA may track from childhood to adolescence [23], that
childhood is a critical period for developing the basic motor competencies [24], and the fact that in our
study 11-year-old boys and girls had already low levels of PA, there is a need for a greater emphasis on
promoting PA from an early age (and not only in adolescence).

It was found that the prevalence of never engaging in PA of at least 60 min per day was more
pronounced in countries with the lowest HDI and decreased for countries with higher HDI. Additionally,
the prevalence of engaging in PA 5 to 6 days/week was higher in countries with the highest HDI. A
similar trend was observed among low- and middle-income countries, where increased HDI values
were associated with decreased levels of physical inactivity [25]. In contrast, the analyses based on the
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2018 Activity Report Card for children and youth showed higher PA levels in the low and medium
HDI countries [8]. Additionally, the prevalence of insufficient PA in analysis with adults was more
than twice as high in high-income countries as in low-income countries [26]. Finally, less economically
developed countries had the lowest prevalence of physical inactivity, while physical inactivity was
more prevalent among the most developed economic countries [7]. The different findings between
studies can be in part explained based on compositional differences in the study sample and PA
measurement method. For instance, in Activity Report Cards the PA assessment used indicators that
included 5 behaviors (overall PA, organized sports participation, active play, active transportation,
sedentary behavior) [8], while for the present study a single-item indicator of total PA was used.
Furthermore, the fact that PA also varies across countries suggests that the factors influencing PA lie
mostly at the national community level [26]. Nevertheless, these conflicting results highlight an area
for future research to better understand the factors affecting the relationship between PA and HDI.

The results of this investigation have several implications for national and international public
health policies. Overall, this investigation reinforces the World Health Organization’s recommendation
for countries to develop or update national policy and implementation plans on PA [27] as findings
suggest an urgent need to improve PA levels among adolescents. One critical aspect is the necessity of
allocating the necessary political priority and resources to enable the implementation of PA policies [6].

For every single country, age and sex were factors associated with PA participation. In this
regard, national public health policies aiming to promote PA should also focus on reducing the
gap between sexes and age groups. Thus, effectively promoting PA among adolescents requires
identifying, understanding, and intervening on the causes and inequities [6]. Furthermore, because of
the low levels of PA, countries would benefit and should invest in the promotion of PA in all its forms
(including recreational PA, sports participation, physical education, and active travel) and in all sectors.
This multisectoral approach, leading to the involvement of health authorities, schools, sports clubs and
federations, regional planners, and political leaders on PA promoting strategies, is considered effective
and commended in the WHO Global action plan on PA 2018-2030 [28].

Several limitations of this study are important to mention. Data were collected at the school
setting resulting in the exclusion of adolescents that do not attend schools. In addition, data were from
adolescents aged 11 to 17 years. However, data from the HBSC survey were collected among those
who attended the grades 6, 8, and 10. Thus, adolescents from the HBSC survey were mostly aged 11,
13, and 15 years, whereas the GSHS focuses on adolescents aged 13 to 17 years. Furthermore, data
were self-reported and subject to bias. Despite large samples used in each national or regional survey,
self-report was the most feasible methodology and is still the backbone of surveillance studies [29].

5. Conclusions

Monitoring PA levels in adolescents allows the identification of specific needs and inequities
within and between countries, and consequently promotes informed decisions and actions. Findings
show that worldwide PA levels among adolescents are low, as 14.9% of boys and 21.2% of girls report
to never practice PA, and that the situations get worse with aging. Identifying and understanding the
main factors related to the insufficient and decreased PA levels, will permit international and national
public health entities to define priority actions and policies against physical inactivity. Reducing
the gender gap, specifically improving girls’ PA levels should be considered a priority in public
health-related actions. This process, initiated with national or regional surveillance of PA, ultimately
aims to improve PA levels and promotes healthy lifestyles among adolescents as well as carrying them
forward into adulthood.
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Appendix A

Table A1. Physical activity levels by region and countries.

Region Country
Physical Activity (%)

Never
1–2

Days/Week
3–4

Days/Week
5–6

Days/Week
Every
Day

Central and
eastern
Europe

Albania 3.1 21.0 30.2 17.8 28.0
Bulgaria 4.5 18.4 26.5 22.0 28.6
Canada 3.7 12.7 25.6 33.0 25.0
Croatia 2.6 17.7 27.5 26.5 25.6

Czech Republic 2.5 17.7 32.9 25.7 21.3
Estonia 3.6 21.1 35.1 23.8 16.4

Greenland 10.7 31.7 22.7 16.8 18.0
Hungary 5.1 18.8 29.0 24.5 22.6

Latvia 3.1 20.8 33.6 24.0 18.4
Macedonia 2.7 14.7 31.1 24.6 26.9
Moldova 3.7 23.8 24.6 21.8 26.0
Poland 4.3 16.3 27.9 27.6 24.0

Romania 9.6 26.8 23.7 18.7 21.3
Russia 5.0 19.8 38.6 18.7 17.9

Slovakia 3.2 17.8 29.6 24.1 25.3
Slovenia 3.1 20.1 32.4 25.9 18.5
Ukraine 4.5 16.5 32.0 20.8 26.3

Central Asia,
Middle East,

and north
Africa

Algeria 11.4 53.7 14.0 5.8 15.1
Armenia 4.9 19.9 34.6 17.8 22.9

Egypt 30.4 40.9 10.7 3.6 14.5
Iraq 37.1 31.4 11.9 5.0 14.6

Kuwait 22.6 32.8 19.5 9.6 15.5
Lebanon 16.3 29.3 18.1 11.7 24.6
Mongolia 13.9 30.4 19.5 11.0 25.2
Morocco 22.0 49.0 11.0 4.8 13.1

Oman 27.9 36.8 19.5 4.1 11.7
Palestinian territory 33.8 33.3 11.4 5.8 15.7

Syria 35.6 39.2 10.7 3.9 10.6
United Arab Emirates 19.0 32.8 20.3 9.9 18.0

Yemen 38.8 35.2 9.7 4.4 11.9

East and
southeast

Asia

Brunei Darussalam 16.4 38.9 23.5 9.2 12.1
Cambodia 38.2 42.8 8.3 3.3 7.3

Laos 24.3 43.5 11.5 5.5 15.2
Malasya 17.9 39.0 19.1 9.1 14.9

Philippines 44.3 34.6 8.8 4.6 7.7
Thailand 23.7 38.7 17.8 8.1 11.9

Timor-Leste 30.2 49.6 8.2 3.2 8.9
Viet Nam 27.6 38.8 14.2 6.2 13.1
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Table A1. Cont.

Region Country
Physical Activity (%)

Never
1–2

Days/Week
3–4

Days/Week
5–6

Days/Week
Every
Day

High-income
western

countries

Austria 2.4 20.1 32.9 25.0 19.4
Belgium 3.6 23.3 34.1 22.5 16.6
Denmark 4.9 23.1 35.6 23.2 13.1
England 2.4 17.1 33.5 28.5 18.5
Finland 1.8 11.3 28.2 30.8 27.9
France 4.8 27.2 35.0 20.1 12.9

Germany 3.7 22.7 37.4 20.8 15.4
Greece 6.5 23.2 34.3 22.6 13.4
Iceland 4.6 13.9 27.9 31.2 22.4
Ireland 3.4 14.3 29.6 29.1 23.6
Israel 16.3 34.9 24.3 12.1 12.4
Italy 8.3 28.7 33.8 18.9 10.3

Luxembourg 2.8 19.6 30.4 24.4 22.8
Malta 7.3 24.3 28.2 22.3 17.9

Netherlands 3.2 15.5 31.8 31.3 18.3
Norway 3.0 16.6 33.7 27.9 18.9
Portugal 3.6 28.7 32.9 19.0 15.8
Scotland 3.1 16.7 34.0 28.7 17.5

Spain 3.0 15.0 30.2 25.9 25.9
Sweden 4.5 19.2 34.4 27.8 14.1

Switzerland 2.1 18.4 36.0 29.1 14.4
United States 22.2 21.1 24.4 32.3

Wales 4.0 20.6 35.5 23.5 16.3

Oceania

Fiji 26.0 27.3 14.7 13.5 18.5
Kiribati 28.0 32.9 12.5 8.8 17.8
Nauru 49.2 19.3 11.0 7.9 12.6
Niue 27.7 21.9 19.0 19.0 12.4

Samoa 28.3 32.5 18.3 9.0 11.8
Solomon Islands 18.9 38.9 15.4 10.5 16.4

Tokelau 33.1 17.4 11.6 14.0 24.0
Tonga 32.4 31.1 11.6 11.1 13.8
Tuvalu 47.0 26.7 9.4 5.4 11.6

Vanuatu 17.7 29.2 8.1 34.0 11.0
Wallis and Futuna 20.7 37.3 19.5 9.1 13.3

Sub-Sharan
Africa

Ghana 32.7 32.6 14.8 6.9 13.0
Mauritania 41.1 34.3 8.0 4.5 12.1
Mauritius 18.0 31.3 19.1 12.4 19.2

Mozambique 21.4 45.4 13.8 6.0 13.4
Namibia 41.4 26.3 11.8 6.5 14.1

Seychelles 31.3 28.1 16.5 7.2 16.9
Sudan 33.0 40.5 14.2 3.5 8.8

Tanzania 27.3 30.5 14.0 8.1 20.2

South Asia
Afghanistan 30.1 36.5 14.7 8.6 10.1
Bangladesh 23.1 9.9 7.3 11.6 48.2

Pakistan 45.7 30.8 7.7 4.1 11.7
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Table A1. Cont.

Region Country
Physical Activity (%)

Never
1–2

Days/Week
3–4

Days/Week
5–6

Days/Week
Every
Day

Latin
America and

Caribbean

Antiqua and Barbuda 30.1 21.1 16.2 9.8 22.7
Argentina 15.1 35.0 20.2 11.5 18.2
Bahamas 31.9 28.8 15.8 8.9 14.6
Barbados 28.1 27.6 16.7 9.4 18.3

Belize 32.4 21.8 15.4 9.5 20.9
Bolivia 22.3 38.9 15.9 9.4 13.5
Brasil 34.2 24.1 16.8 12.9 12.0

British Virgin Islands 31.3 26.9 16.2 7.7 18.0
Chile 16.5 32.0 23.9 12.4 15.2

Costa Rica 18.0 35.1 19.2 9.6 18.1
Curaçao 32.3 31.9 16.5 7.6 11.7

Dominica 35.1 28.7 13.3 6.8 16.1
El Salvador 28.6 35.4 13.7 8.5 13.8
Guatemala 26.9 35.9 15.9 7.2 14.0

Guyana 39.2 26.2 11.8 7.2 15.6
Honduras 28.9 37.3 12.3 5.8 15.7

Mexico 17.5 38.5 16.8 9.3 17.8
Peru 17.8 37.7 19.3 9.8 15.4

Saint Kitts and Nevis 32.7 26.9 15.3 7.2 18.0
Suriname 26.0 30.8 16.6 7.4 19.2

Trinidad and Tobago 29.8 26.4 15.6 8.3 19.9
Uruguay 20.7 31.0 20.7 12.4 15.2
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Abstract: The popularity of electric bicycles in China makes them a common transportation mode for
people to commute and move around. However, with the increase in traffic volumes for both vehicles
and electric bicycles, urban traffic safety and congestion problems are rising due to traffic conflicts
between these two modes. To regulate travel behavior, it is essential to analyze the mode choice
and route choice behaviors of travelers. This study proposes a combined modal split and multiclass
traffic user equilibrium model formulated as a complementarity problem (CP) to simultaneously
characterize the mode choice behavior and route choice behavior of both vehicle and electric bicycle
users. This model captures the impacts of route travel time and out-of-pocket cost on travelers’ route
choice behaviors. Further, modified Bureau of Public Roads (BPR) functions are developed to model
the travel times of links with and without physical separation between vehicle lanes and bicycle
lanes. This study also analyzes the conditions for uniqueness of the equilibrium solution. A Newton
method is developed to solve the proposed model. Numerical examples with different scales are
used to validate the proposed model. The results show that electric bicycles are more favored by
travelers during times of high network congestion. In addition, total system travel time can be reduced
significantly through physical separation of vehicle lanes from electric bicycle lanes to minimize their
mutual interference.

Keywords: traffic behavior; user equilibrium; complementarity problem; electric bicycle; commute
mode choice

1. Introduction

In recent years, electric bicycles (E-bikes) quickly became one of the main nonmotorized travel
modes in some developing countries, especially in China [1–3]. E-bikes have many merits over both
regular bikes and vehicles, including that they are much faster and can support longer trips compared
with regular bikes. Further, despite the lower maximum speed, they are much more flexible and can
run at higher speeds than vehicles in congested areas. E-bikes also have other advantages, such as
high availability due to low price, efficient energy consumption, and no tailpipe emissions. Due to
these characteristics, E-bikes are now one of the main transportation modes in China. Each year,
over 35 million E-bikes are sold in China and the installed base of E-bike in use is over 100 million [4].

However, with the increase in traffic volumes for both vehicles and electric bicycles, due to traffic
conflicts between these two modes, various urban traffic problems are rising, such as traffic safety,
traffic congestion, and parking problems. Recently, extensive research efforts were devoted to address
the multiple research needs related to E-bikes, such as estimating cycling capacity, the bicycle equivalent
unit for E-bikes, consumption behavior of E-bikes users, and characteristics of traffic accident involving
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E-bikes [5–7]. Existing research generally studied the operational characteristics of E-bike from the
micro level, such as operations on links or intersections. However, as an important commute mode,
few studies investigated the corresponding mode choice and route choice behaviors, which play
important roles in designing management strategies and operational decisions related to E-bikes to
alleviate the above traffic problems at the traffic-network level.

Similar to the Braess paradox [8], overall performance of the urban transportation network may
decrease when improving the operational level of a certain link or intersection for vehicles and E-bikes.
To address traffic problems caused by conflicts between vehicles and E-bikes, the mode choice and
route choice behaviors of users at the network level require study, alongside the impact of various
management strategies (such as separating bicycle lanes and vehicle lanes by physical separations, e.g.,
parterres and barriers on some links) on these travel behaviors.

Hence, to simultaneously estimate the mode choice and route choice behaviors of vehicles
(cars/automobiles) and E-bikes, this paper proposes a combined modal split and route choice model,
with the underlying assumption that all users own vehicles and E-bikes and can choose traffic modes
based on the congestion level of each mode. Thus, the general flow pattern is estimated using an user
equilibrium model which assumes that nobody can reduce their own travel cost by unilaterally shifting
their route or mode at the equilibrium state. Considering the well-established complementarity theory,
the proposed multimode traffic assignment model is developed as a complementarity problem (CP).

In reality, vehicle lanes and bicycle lanes on some links are separated by physical barriers, while some
links have no physical separations. Link cost functions are different under these two cases. In the
literature, the Bureau of Public Roads (BPR) cost function [9] was frequently adopted to analyze the
link travel time characteristic of vehicles in congested networks. Without loss of generality, modified
BPR functions of each mode are developed to capture the interference between vehicles and E-bikes in
different scenarios. As discussed before, compared with vehicles, E-bikes can run at higher speeds in
congested areas, even though their designed speeds are less than those of vehicles. This characteristic
can be captured by setting different parameters in the modified BPR functions. Out-of-pocket costs are
considered in the proposed model to capture impacts of factors such as fuel or electricity consumption,
vehicle or E-bike depreciation, insurance, the environment, etc., on mode choice.

In summary, the contributions of this paper include:

(1) The proposal of a complementarity problem to model the multimode and traffic assignment
problems regarding both vehicles and E-bikes, with the uniqueness of solution to this problem
analytically discussed;

(2) The development of modified BPR functions to capture interactions between the two traffic modes
and impacts of characteristics of each mode on link travel time;

(3) The consideration of out-of-pocket costs related to factors (such as security, environment, distance,
fuel and electricity prices, etc.) affecting users’ mode choice behaviors.

The rest of the paper is organized as follows. Related literature is reviewed in the next section.
In Section 3, the CP model for the multimode traffic assignment problem is presented. Section 4 discusses
the uniqueness of the equilibrium solution. In Section 5, a Newton method for solving the proposed
model is developed. Section 6 applies the proposed method to two numerical examples. The last
section concludes this study.

2. Literature Review

2.1. Traffic Assignment Model

Traffic assignment models are important tools in the design of effective management strategies
and operational decisions to improve network performance, for example, they are usually leveraged
to deploy infrastructures optimally to reduce traffic congestion [10–13] and to find optimal traffic
signal settings to minimize total travel time [14,15]. Among various traffic assignment models, the user
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equilibrium problem is perhaps the most common due to its simple assumption of travelers’ behavior
and the close-form formulation. The user equilibrium problem assumes that at the equilibrium state,
nobody can reduce their own travel cost by unilaterally shifting their travel route.

Given Origin–Destination (OD) flows, the user equilibrium problem is treated traditionally as two
different methods, namely, deterministic user equilibrium [16] and stochastic user equilibrium [17].
In deterministic user equilibrium methods, all users are assumed to have perfect information about
route costs and all choose the routes of minimum cost. In stochastic user equilibrium methods, the traffic
costs are considered as random variables and route choices are different among different users. In this
paper, the proposed CP model estimates the deterministic user equilibrium condition of traffic flow for
both vehicles and E-bikes.

2.2. Traffic Assignment Model with Multiple Modes

In reality, various modes can be chosen by travelers, such as vehicle, public transportation
(bus, metro, taxi), bike (E-bike, regular bike), and so on. To estimate the use ratio of each mode,
various methods are proposed, such as discrete choice models [18,19]. After giving the ratio of each,
to address the traffic assignment problem with multiple modes, many studies attempted to convert the
traffic flows of all other modes into standard passenger cars, followed by conversion of total traffic
volume to be used as the input of demand for the traffic assignment model. However, each mode has
particular characteristics (such as speed, travel time, capacity, security), which may be ignored if all
modes are converted to the standard passenger cars.

In the literature, several multimode and/or multiclass traffic assignment models [20,21] and
combined modal split and traffic assignment models [22,23] were proposed to model heterogeneous
travel behavior. To capture the characteristics of travel cost realistically, these studies used different
link cost functions for different traffic modes. However, in this paper, due to interactions between
E-bikes and vehicles, travel cost functions may be asymmetric, thereby increasing the difficulty to
formulate a mathematical programming problem. In the literature, traffic assignment problems with
asymmetry travel cost functions were usually modeled as variational inequality (VI), complementarity,
fixed-points, and entropy maximization problems [24–30]. Despite all these efforts, the best approach
to this multimode traffic assignment problem is still under debate.

In existing multimode traffic assignment models, the demand of each mode is normally determined
(or assumed to be elastic). That is, these models do not consider mode choice behaviors of users.
To address this problem, we first need to study factors affecting mode choice behaviors. This paper
focuses on studying the travel behaviors considering users of vehicles and E-bikes. In fact, except for
travel time, users choose to use vehicles or E-bikes based on factors such as security, weather, distance,
fuel and electricity prices, and so on. Similar to Liu and Li [31], we define costs related to these factors
as out-of-pocket costs.

In addition, modes such as buses and taxis use the same lanes as vehicles, and modes such as
metros do not interfere with vehicles in space at all. Different from these modes, E-bikes are designed
to run in bicycle lanes separated from vehicle lanes. On some links, bicycle lanes and vehicle lanes
are physically separated, such as by parterres and barriers. However, bicycle lanes and vehicle lanes
are separated only by traffic markings instead of physically on some links. In this case, vehicles and
E-bikes may occupy each other’s lanes. This interference should be considered in the traffic equilibrium
problem, and the existing link travel time function cannot capture this interference.

To address the aforementioned gap in the existing research, this paper proposes a combined
modal split and route choice model, in which out-of-pocket costs are considered in the mode route
cost function and modified BPR functions are adopted to analyze the link travel time of vehicles and
E-bikes for links with and without physical separation between vehicle lanes and bicycle lanes.
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3. Model Formulation

Consider a strongly connected network [N, A], where N is the set of nodes and A is the set of
directed links. Notations are first given as the following:

Ta,
Ta:

Travel time on link a ∈ A for vehicles and E-bikes, respectively; T0
a , T

0
a are the corresponding free-flow

travel times;
va,
va:

Flow of vehicles and E-bikes on link a, respectively;

Ca,
Ca:

Capacity of link a for vehicles and E-bikes, respectively;

Pw
i ,

P
w
i :

Travel time on route i between OD pair w for vehicles and E-bikes, respectively; i ∈ Pw, Pw is the set of
routes connecting OD pair w;

f w
i ,

f
w
i :

Flow of vehicles and E-bikes on route i between OD pair w, respectively;

f: f = [. . . , fw, . . .]T with dimension n1 equals the total number of routes in the network, (·)T denotes the
transpose of either a vector or a matrix, and fw =

[
. . . , f w

i , . . .
]

is the vehicle route flow set of OD pair w;

f: f = [. . . , f
w

, . . .]
T

with dimension n1, in which f
w
=

[
. . . , f

w
i , . . .

]
is the E-bike route flow set of OD pair w;

qw: Demand between OD pair w, including demand of vehicles and E-bikes. qw > 0
q: q = [. . . , qw, . . .]T with dimension n2 equals the total number of OD pairs in the network;
δw

ia: Link–route incidence indicator, which is 1 if link a belongs to route i between OD pair w, and 0 otherwise;
σw

i : Route–OD pair incidence indicator, which is 1 if route i belongs to OD pair w, and 0 otherwise;
σ: The route–OD pair incidence matrix with the dimensions n1 × n2;
LLa: Length of link a;
LRi: Length of route i; LRi =

∑
a
δw

iaLLa;

πw: Minimum (equilibrium) travel cost between OD pair w;
π: π = [. . . ,πw, . . .] with dimension n2;
lwi ,

l
w
i :

Out-of-pocket costs (costs related to factors such as weather, distance, fuel and electricity prices) of route i
between OD pair w for users of vehicles and E-bikes, respectively;

Cw
i ,

C
w
i

Costs (including travel time and out-of-pocket costs) of route i between OD pair w for users of vehicles
and E-bikes, respectively;

C: C = [. . . , Cw, . . .]T with dimension n1, in which Cw =
[
. . . , Cw

i , . . .
]

is the vehicle route cost set of OD pair
w;

C: C = [. . . , C
w

, . . .]
T

with dimension n1, in which C
w
=

[
. . . , Cw

i , . . .
]

is the E-bike route cost set of OD pair w.

Suppose route cost functions Cw
i , C

w
i of route i between OD pair w for users of both vehicles and

E-bikes are given, respectively. The multiclass traffic equilibrium problem considering users of vehicles
and E-bikes is formulated as the following mixed complementary problem (MCP):

0 ≤ f w
i ⊥Cw

i −πw ≥ 0,∀i (1)

0 ≤ f
w
i ⊥C

w
i −πw ≥ 0,∀i (2)∑

i∈Pw

(
f w
i + f

w
i

)
= qw,∀w (3)

Equations (1) and (2) are the complementary slackness conditions. That is, for each OD pair
w, if the flow on route i satisfies f w

i ≥ 0 ( f
w
i ≥ 0), the route cost Cw

i (C
w
i ) on route i is equal to the

minimal route cost πw, i.e., Cw
i = πw (C

w
i = πw). These complementary slackness conditions are

consistent with the Wardrop’s user equilibrium (UE) principle, i.e., all used routes have equal and
minimum travel costs, and all unused routes have equal or higher travel costs. Equation (3) is the flow
conservation constraint.
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To reduce the MCP formulated by Equations (1)–(3) to a pure CP, Equation (3) is reformulated as
follows (the proof of the equivalent of Equations (3) and (4) is given in Appendix A):

0 ≤ πw⊥
∑
i∈Pw

(
f w
i + f

w
i

)
− qw ≥ 0,∀w. (4)

Then the CP can be formulated in vector form as follows:

x =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
f
f
π

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠ ≥ 0, F(x) =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎝
C−σπ
C−σπ

σT
(
f + f

)
− q

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎠ ≥ 0, xTF(x) = 0. (5)

Note that if both Cw
i and C

w
i are linear functions with respect to traffic flow, CP (5) becomes a

linear complementarity problem (LCP), which can be solved using algorithms such as Lemke’s method,
the projected successive over relaxation iteration method, the general fixed-point iteration method,
or the modulus-based matrix splitting iteration method [32–36]. If either Cw

i or C
w
i are nonlinear, CP (5)

becomes a nonlinear complementarity problem (NCP), which can be solved by algorithms such as
Newton methods [37–39]. In this paper, route cost functions are assumed to be “convex combinations”
of route travel time and out-of-pocket costs, and thus the proposed CP (5) becomes an NCP.

Specifically, route cost functions Cw
i , C

w
i are defined as

Cw
i = Pw

i + lwi , C
w
i = P

w
i + l

w
i , (6)

where Pw
i , P

w
i denote route travel time for vehicles and E-bikes, respectively, and lwi , l

w
i denote the

corresponding out-of-pocket costs.
The route travel time is formulated as

Pw
i =

∑
a
δw

iaTa,P
w
i =

∑
a
δw

iaTa. (7)

Out-of-pocket cost relate to fuel or electricity consumption, vehicle or E-bike depreciation,
insurance, security, the environment, and so on. Similar to Liu and Li [31], we assume that the
out-of-pocket cost is defined as a function of both travel time and travel distance, as follows:

lwi = λmPw
i + ϕmLRi,l

w
i = λeP

w
i + ϕeLRi, (8)

where λm and λe denote the monetary cost per unit time for vehicles and E-bikes, respectively, and ϕm

and ϕe denote the monetary cost per unit distance traveled by vehicles and E-bikes, respectively.
Note that values for λm, ϕm, λe, and ϕe depend on factors such as fuel price, weather, and so on.
In reality, these parameters can be calibrated by data collected by surveys of stated preference.

According to Equations (6)–(8), route costs Cw
i , C

w
i are obtained by

Cw
i = (1 + λm)

∑
a
δi

aTa + ϕmLRi, C
w
i = (1 + λe)

∑
a
δi

aTa + ϕeLRi. (9)

Note that the linear or nonlinear characteristics of route cost function depend on the function of
link travel time (Ta and Ta). On some urban links, bicycle lanes are separated from vehicle lanes by
physical separations, so the flows of vehicles and E-bikes involve almost no interactions. The following
modified BPR functions are used to model the link travel time for links with physical separations
between bicycle lanes and vehicle lanes:

Ta = T0
a (1 + αm(

va

Ca
)
βm
) (10)
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Ta = T
0
a(1 + αe(

va

Ca
)
βe

) (11)

where va =
∑

w
∑

i δ
w
ia f w

i and va =
∑

w
∑

i δ
w
ia f

w
i represent vehicle flow and E-bike flow on link a,

respectively, and αm(αe) and βm(βe) are constants defining how cost increases with traffic flow for
vehicles (E-bikes). Note that, in reality, E-bikes have higher flexibility than vehicles and, despite lower
maximum speed, E-bikes can maintain higher speeds than vehicles in congested areas. Hence, compared
to the travel time of vehicles, the travel time of E-bikes is normally not significantly affected by traffic
flow. That is, values of αe and βe can be smaller than those of αm and βm, respectively. Specifically, in
reality, the vehicle link capacity can usually be calibrated due to designed travel speed, number of
lanes, headway, etc., and the E-bike link capacity can be calibrated by real link travel data [5].

In some urban links, no independent bicycle lanes or bicycle lanes are separated from vehicle
lanes by traffic markings, meaning vehicle lanes may be occupied by E-bikes and bicycle lanes may
also be occupied by vehicles frequently. In this case, the link travel time functions related to links
without physical separations between bicycle lanes and vehicle lanes are formulated as follows:

Ta = T0
a (1 + αm(

va + γmva

θmCa
)
βm

) (12)

Ta = T
0
a(1 + αe(

va + γeva

θeCa
)
βe

) (13)

where γm(γe) is a constant characterizing the impact of traffic flow of E-bikes (vehicles) on travel cost
of vehicles (E-bikes) and θm(θe) is a constant defining how the link capacity of vehicles (E-bikes) is
influenced by the traffic flow of E-bikes (vehicles).

Despite no physical separation, vehicles and E-bikes are designed to run in separated lanes or
spaces, and Ca and Ca represent the capacity of these designed lanes or spaces. However, due to no
physical separation, one mode may occupy the designed lanes or spaces of other mode. Considering this
phenomenon of occupation, parameters θm and θe are introduced to adjust the corresponding capacity,
and γm and γe are considered to adjust the corresponding traffic flow. Since the volume of a vehicle
is normally larger than that of a E-bike, γm is assumed to be bigger than γe. In fact, link time
Functions (10) and (11) regarding cases of physical separation can be treated as special forms of link
time Functions (12) and (13) for cases without physical separation, respectively. In this special form,
γm = γe = 0 and θm = θe = 1.

4. Uniqueness of Equilibrium Solution

Note that link travel time Functions (10)–(13) are nonlinear and the proposed traffic assignment
model is an NCP. According to the theory of VI/CP [40], since the feasible region of our problem is
convex and route cost Function (9) is continuous, if the Jacobian matrix J of route cost Function (9) is
definitely positive, the solution of the proposed NCP is unique.

The corresponding Jacobian matrix J is:

J =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣
∂Cw

i
∂ f w

i

∂Cw
i

∂ f
w
i

∂C
w
i

∂ f w
i

∂C
w
i

∂ f
w
i

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦ =
⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
(1 + λm)

∑
a
δi

a
.

Ta (1 + λm)
∑
a
δi

a
..

Ta

(1 + λe)
∑
a
δi

a

.

Ta (1 + λe)
∑
a
δi

a

..

Ta

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦ (14)

where
.

Ta =
∂Ta
∂va

,
..

Ta =
∂Ta
∂va

,
.

Ta =
∂Ta
∂va

, and
..

Ta =
∂Ta
∂va

.

Theorem 1. According to Equation (10) and Equation (11), the solution to the proposed NCP is unique in cases
of physical separation.
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Proof. For cases of physical separation between vehicle lanes and bicycle lanes,
..

Ta =
.

Ta = 0. Then,
J becomes:

J =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎣
(1 + λm)

∑
a
δi

a
.

Ta 0

0 (1 + λe)
∑
a
δi

a

..

Ta

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎦ (15)

which is a standard diagonal matrix with positive diagonal elements. Obviously, in this case J is
definitely positive. The uniqueness of the solution to the NCP under cases of physical separation is
therefore proven. �

Next, we discuss the case of no physical separation between vehicle lanes and bicycle lanes on
links of the transportation network.

Theorem 2. Given link time Functions (12) and (13), if 1 − γmγe > 0, the solution to the proposed NCP is
unique for cases without physical separation.

Proof. For cases of no physical separation between vehicle lanes and bicycle lanes, according to
Equation (14), the first-order leading principal minor of J is (1 + λm)

∑
a δ

i
a

.
Ta, which is positive. Then we

discuss the second-order leading principal minor, i.e., D′2:

D′2 =

∣∣∣∣∣∣∣∣∣
(1 + λm)

∑
a
δi

a
.

Ta (1 + λm)
∑
a
δi

a
..

Ta

(1 + λe)
∑
a
δi

a

.

Ta (1 + λe)
∑
a
δi

a

..

Ta

∣∣∣∣∣∣∣∣∣
= (1 + λm)(1 + λe)(

∑
a
δi

a
.

Ta
∑
a
δi

a

..

Ta −∑
a
δi

a
..

Ta
∑
a
δi

a

.

Ta)

Thus, D′2 > 0 if, and only if,

∑
a
δi

a
.

Ta

∑
a
δi

a

..

Ta −
∑

a
δi

a
..

Ta

∑
a
δi

a

.

Ta > 0 (16)

In Equation (16),
.

Ta =
αmβmT0

a
θmCa

(
va+γmva
θmCa

)βm−1
,

..

Ta =
αeβeT

0
a

θeCa

(
va+γeva

θeCa

)βe−1
,

..
Ta =

αmβmγmT0
a

θmCa

(
va+γmva
θmCa

)βm−1
,

and
.

Ta =
αeβeγeT

0
a

θeCa

(
va+γeva

θeCa

)βe−1
. Denote A1 =

αmβmT0
a

θmCa

(
va+γmva
θmCa

)βm−1
and A2 =

αeβeT
0
a

θeCa

(
va+γeva

θeCa

)βe−1
, then:

∑
a
δi

a
.

Ta

∑
a
δi

a

..

Ta −
∑

a
δi

a
..

Ta

∑
a
δi

a

.

Ta = (1− γmγe)A1A2 (17)

Thus, if 1− γmγe > 0, D′2 > 0. �

In summary, if 1− γmγe > 0, all order leading principal minors of J are positive, then the solution
to the proposed NCP is unique for cases of no physical separation.

Note that values of γm and γe can impact the corresponding traffic flows of each mode due to
interactions between flows of vehicles and E-bikes. In the most extreme case, vehicle lanes are occupied
by all vehicles and E-bikes, and bicycle lanes are also occupied by all vehicles and E-bikes. In this case,
γm can be treated as the vehicle equivalent of an E-bike (denoted as VE) and γe can be treated as the
E-bike equivalent of a vehicle (denoted as EE). According to the conversion relationship, VE × EE = 1.
In reality, despite no physical separation between vehicle lanes and bicycle lanes, some vehicles and
E-bikes still run in the corresponding designed lanes, with not all vehicles (E-bikes) occupying the
bicycle (vehicle) lane. Thus, γm < VE and γe < EE. Therefore, 1 − γmγe > 1 − VE ∗ EE = 0, that is,
the condition 1− γmγe > 0 in Theorem 2 is satisfied. In summary, the unique solution to the proposed
NCP can be guaranteed in reality.
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5. Solution Algorithm

Several algorithms were proposed in the literature to solve the traffic assignment problem
formulated as an NCP. Among these algorithms, the nonsmooth and semismooth Newton methods
were widely used, the basic idea being to convert the complementarity problem into an equal system
of equations so as to solve them using the general Newton method.

First, we give the following definition.

Definition 1. A function φ : R2 → R is called an NCP function if

φ(a, b)⇔ ab = 0, a ≥ 0, b ≥ 0 (18)

According to Definition 1, the NCP function related to NCP (5) can be defined as

φ(x) =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
φ(x1, F1(x))

...
φ(xn, Fn(x))

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ (19)

Then, the solution to NCP (5) can be obtained by solvingφ(x) = 0.
Note that the NCP function significantly impacts the effective solution algorithm. The following

Fischer–Burmeister (FB) function [38] is frequently used as the NCP function.

φFB(a, b) = a + b−
√

a2 + b2 (20)

The FB Function (20) has many interesting properties, however, it is too flat in the positive
orthant (the main region of interest for a complementarity problem) when dealing with a monotone
complementarity problem. Chen et al. [37] introduced another NCP function, i.e.,

φλ(a, b) = λφFB(a, b) + (1− λ)a+b+ (21)

where λ ∈ (0, 1] is an arbitrary parameter and a+b+ are penalties for violating the complementarity
conditions, in which, for example, z+ is a nonnegative operator z+ = max(0, z) for ∀z ∈ R.

Based on the NCP Function (21), the equal system of equation related to NCP Function (5) is
defined as

φλ(x) =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
φλ(x1, F1(x))

...
φλ(xn, Fn(x))

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠ (22)

Further, we define

ϕλ(a, b) =
1
2
φλ(a, b)2 (23)

Then, a natural merit function ψλ(x) ofφλ(x) is given by

ψλ(x) =
1
2
‖φλ(x)‖2 =

n∑
i=1

ϕλ(xi, Fi(x)) (24)

where ‖·‖ is the Euclidean norm.
The NCP Function (21) and the merit Function (24) were proven by Chen et al. [37] and Xu et al. [39]

to possess all the positive features of the FB Function (20) and its corresponding merit function.
Thus, the Newton method introduced by Du Luca et al. [41] to solve the proposed NCP Function (5)

with NCP Function (21) and merit Function (24) is given as follows.
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Algorithm 1. Global algorithm.

Step 1.1. Initialize parameters μ ∈ (0, 1), ω ∈
(
0, 1

2

)
, ρ > 0, p > 2, tolerance error ε > 0 to check convergence,

iteration counter k = 0.

Step 1.2. Initialize solution vector x0 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
f0

f
0

π0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠.

Step 1.3. If ‖∇ψλ
(
xk

)
‖ ≤ ε, then terminate. Otherwise, go to the next step.

Step 1.4. Choose Vk from the C-subdifferential ∂Cφλ
(
xk

)T
ofφλ

(
xk

)
and let dk ∈ R2n1+n2 be a solution of the

following linear system of equations:
Vkd = −φλ

(
xk

)
. (25)

If solution dk cannot be found or if the descent test

∇ψλ
(
xk

)T
dk ≤ −ρ‖dk‖p (26)

does not satisfy, set dk = −∇ψλ
(
xk

)T
.

Step 1.5. Linear search. Find the smallest nonnegative integer lk such that

ψλ
(
xk + μlk

)
≤ ψλ

(
xk

)
+ωμlk∇ψλ

(
xk

)T
dk (27)

Step 1.6. Set xk+1 = xk + μlk dk, k = k + 1 and go to Step 1.3.

Step 1.2 is for the initialization of the solution vector x0. Although we can set the arbitrary vector
as the initial solution vector, to make the global algorithm more efficient in solving the proposed NCP
Function (5), the following procedure (Algorithm 2) is used to initialize the solution vector.

Algorithm 2. Initialize the solution vector.

Step 2.1. Read in a predefined route set Pw. Choose any initial vehicle demand qw
v and E-bike demand qw

e ,
qw

v + qw
e = qw.

Step 2.2. Load demand qw
v to route set Pw using the all-or-nothing method to obtain an initial vehicle route

flow vector f0.
Step 2.3. Update the link time and route cost Cw

i according to Equations (9)–(13).
Step 2.4. Load demand qw

e to route set Pw using the all-or-nothing method to obtain an initial E-bike route flow

vector f
0
.

Step 2.5. Update the route cost Cw
i .

Step 2.6. Select the initial min-route cost πw,0 = min
{
Cw

i , i ∈ Rw
}

and set π0 = [. . . ,πw,0, . . .]T.

Step 2.7. Set the initial solution vector x0 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
f0

f
0

π0

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠.

Further, in Step 1.4 of the global algorithm (Algorithm 1), we first need to choose Vk from the

C-subdifferential ∂Cφλ
(
xk

)T
(see [37,39] for definition). Similar to Chen et al. [37], we use the following

Algorithm 3 to choose Vk.
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Algorithm 3. Choose Vk ∈ ∂Cφλ
(
xk

)T

Step 3.1. Let x ∈ R2n1+n2 be given and Vi denote the ith row of a matrix V ∈ R(2n1+n2)×(2n1+n2).
Step 3.2. Set index set S1 =

{
i
∣∣∣xi = Fi(x) = 0

}
and S2 =

{
i|xi >0, Fi(x) > 0

}
.

Step 3.3. Set z ∈ R2n1+n2 such that zi = 0 for i � S1 and zi = 1 for i ∈ S1.
Step 3.4. Set Vi as follows:
If i ∈ S1, set

Vi = λ

⎛⎜⎜⎜⎜⎜⎜⎝1− zi

‖
(
zi,∇Fi(x)

Tz
)
‖

⎞⎟⎟⎟⎟⎟⎟⎠eT
i + λ

⎛⎜⎜⎜⎜⎜⎜⎝1− ∇Fi(x)
Tz

‖
(
zi,∇Fi(x)

Tz
)
‖

⎞⎟⎟⎟⎟⎟⎟⎠∇Fi(x)
T. (28)

If i ∈ S2, set

Vi =

[
λ

(
1− xi
‖(xi, Fi(x))‖

)
+ (1− λ)Fi(x)

]
eT

i +

[
λ

(
1− Fi(x)
‖(xi, Fi(x))‖

)
+ (1− λ)xi

]
∇Fi(x)

T (29)

If i � S1 ∪ S2, set

Vi = λ

(
1− xi
‖(xi, Fi(x))‖

)
eT

i + λ

(
1− Fi(x)
‖(xi, Fi(x))‖

)
∇Fi(x)

T (30)

6. Numerical Examples

In this section, we present numerical examples to verify the proposed model and analyze the
users’ mode (vehicle and E-bike) choice behavior.

6.1. A Simple Example

First, we apply the proposed NCP to a simple network as shown in Figure 1. The network has five
nodes, five links, and two OD pairs (1-5 and 2-5). Link parameters are shown in Table 1. Demands of
OD pairs 1-5 and 2-5 are set to be 300 and 200, respectively. Parameters in link time Functions (10)–(13)
are set to be αm = 0.15, βm = 4,αe = 0.1, βe = 2, γm = 0.3, and γe = 3, for any link, and parameters
in route cost Function (9) are set to be λm = 0.1, ϕm = 0.2, λe = 0.2, ϕe = 0.4, and θm = θe = 1.1 for
any route.

 
Figure 1. A simple network.

Table 1. Link parameters of network in Figure 1.

Link 1 2 3 4 5

T0
a 10 10 20 15 10

T
0
a 20 20 40 30 20

Ca 40 50 30 60 80
Ca 60 80 50 100 120
LLa 10 10 15 10 10

Table 2 shows the results of link flows for two cases. The first case demonstrates no physical
separation between the vehicle lane and the bicycle lane for any link in the network. The second case
regards all links in the network having physical separations between vehicle lanes and bicycle lanes.
As can be seen from Table 2, the link flow patterns are quite different for the two cases, indicating
that physical separation between the vehicle lane and the bicycle lane has dramatic effects on the
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equilibrium flow pattern. Table 3 shows the route flow and route cost of both vehicles and E-bikes,
denoting that (a) the sum of route flows of vehicles and E-bikes for each OD pair is equal to the total
demand of that OD pair, and (b) for any OD pair, the cost of each used route (including vehicles and
E-bikes) is equal to its minimum travel cost (in bold) and the unused routes have higher costs than the
minimum OD travel cost.

Table 2. Link flows of the nonlinear complementarity problem (NCP) for cases with and without
physical separation.

Link Mode 1 2 3 4 5

Without physical separation va 43.69 109.46 81.006 72.156 153.15
va 256.31 90.54 0 346.85 346.85

With physical separation va 90.18 88.55 55.36 123.37 178.73
va 209.82 111.45 71.03 250.24 321.27

Table 3. Route flows of the NCP for cases with and without physical separation.

Case OD Route
Route Flow
of Vehicles

Route Flow
of E-Bikes

Route Cost
of Vehicles

Route Cost
of E-Bikes

Without physical separation
1-5

1-3-5 12.70 0 415.08 429.25
1-4-5 31.00 256.31 415.08 415.08

2-5
2-3-5 68.30 0 382.08 396.24
2-4-5 41.16 90.54 382.08 382.08

With physical separation
1-5

1-3-5 22.87 11.33 184.61 184.61
1-4-5 67.31 198.48 184.61 184.61

2-5
2-3-5 32.49 59.70 155.81 155.81
2-4-5 56.05 51.76 155.81 155.81

Numbers in bold means the cost of each used route (including vehicles and E-bikes) is equal to its minimum
travel cost.

Table 4 further compares some indicators of the flow patterns for cases with and without physical
separation, including demand of vehicles, demand of E-bikes, and total travel time of the system. It can
be seen from Table 4 that mode choice proportions are significantly influenced by physical separation
between vehicle lanes and bicycle lanes. The total system travel time for cases with physical separation
is much smaller than in cases without physical separation. This is because physical separation decreases
the interference between vehicles and E-bikes, thereby reducing travel costs for both traffic modes.

Table 4. Indicators of the NCP for cases with and without physical separation.

Index
Demand of Vehicles

(
∑

w
∑

i∈Rwσw
i fw

i )
Demand of E-Bikes

(
∑

w
∑

i∈Rwσw
i f

w
i )

System Total Travel
Time

(
∑

a∈A(vaTa+vaTa))

Without physical separation 153.15 346.85 148,760.5
With physical separation 178.73 321.27 63,544.0

6.2. Sensitivity Analysis

Figure 2 shows how mode choice proportions vary from the total demand. In this experiment,
demands of OD pairs 1-5 and 2-5 are set to grow at the same rate. It can be seen from Figure 2 that
proportion of vehicle demand decreases with increasing total demand, while the proportion of E-bike
demand changes conversely. If the total demand is larger, the network tends to be more congested.
As discussed before, E-bikes have higher flexibility than vehicles and can maintain higher speeds than
vehicles in congested areas despite their lower maximum speeds. Hence, when the network is more
congested, users of the network prefer to choose E-bikes rather than vehicles.
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Figure 2. Mode choice proportions change with total demand for the example network.

Figure 3 shows how proportions of vehicle and E-bike demand vary by changes in values of
out-of-pocket-related parameters ϕm, λm, ϕe, and λe. As shown in Equation (8), ϕm and ϕe denote
the monetary cost per unit of distance traveled by vehicles and E-bikes, respectively, and λm and λe

denote the monetary cost per unit of time for vehicles and E-bikes, respectively. Figure 3 shows that the
proportion of vehicle (E-bikes) demand decreases with the growth of the corresponding parameters
λm and ϕm (λe and ϕe). As mentioned before, out-of-pocket cost is impacted by fuel or electricity
consumption, vehicle or E-bike depreciation, insurance, the environment, and so on. For example,
when the price of fuel increases (values of ϕm and λm increase in this case), users tend to reduce vehicle
use. Similarly, when the weather conditions are poor (such as raining) or the road safety conditions for
nonmotor vehicles are low (values of ϕe and λe increase in these cases), out-of-pocket costs related to
E-bikes increase, thus the choice proportion of E-bikes becomes smaller.

Table 5 shows the sensitivity analysis results of parameters related to interactions between vehicles
and E-bikes (γm and γe in Equations (12) and (13)). In reality, the influence between flows of vehicles
and E-bikes is mutual, that is, when the impact on vehicles from E-bikes becomes greater, the impact
on E-bikes from vehicles also becomes greater simultaneously. Hence, in Table 5, the corresponding
parameters γm and γe are shown to increase equidistantly. The results show that the total system total
travel time increases with the degree of interaction between vehicles and E-bikes. The total travel time
of each mode also tends to increase with the degree of interaction. Combined with results of Table 4,
flow of vehicles and E-bikes should be physically separated as much as possible, and interference
between vehicles and E-bikes should also be reduced as much as possible in links without physical
separation between vehicle lanes and bicycle lanes, such as by regulating traffic.
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Figure 3. Sensitivity analysis regarding parameters related to out-of-pocket cost.

Table 5. Sensitivity analysis regarding parameters related to interactions between vehicles and E-bikes.

γm γe

Total Travel Time
of Vehicles
(
∑

a∈AvaTa)

Total Travel Time
of E-Bikes
(
∑

a∈AvaTa)

System Total
Travel Time

(
∑

a∈A(vaTa+vaTa))

0.05 0.5 28,934.3 41,812.6 70,746.9
0.1 1 34,368.3 51,494.2 85,862.6
0.15 1.5 40,223.1 62,836.3 103,059.4
0.2 2 45,795.2 75,477.3 121,272.5
0.25 2.5 49,974.9 88,623.3 138,598.3
0.3 3 49,546.9 99,213.6 148,760.5

6.3. A Larger Network

The proposed model is further tested using the well-known Nguyen–Dupuis network shown in
Figure 4. It consists of 13 nodes, 38 bidirectional links, and 18 OD pairs (all possible combinations
between the three left nodes {12, 1, 4} and the three right nodes {8, 2, 3}). Fifty routes considered by
Zhu et al. [42] are used. The length of each link is set to be LLa = 10, and other link characteristic
parameters are shown in Table 6. Parameters in link time Functions (12) and (13) are set to be γm = 0.2
and γe = 2 for any link, and other parameters in link time Functions (10)–(13) and route cost Function (9)
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are set to be the same as those of the simple example. The travel demands of 18 OD pairs are shown
in Table 7.

Figure 4. The Nguyen–Dupuis network.

Table 6. Link parameters of the Nguyen–Dupuis network.

Link T0
a Ca T

0
a Ca Link T0

a Ca T
0
a Ca Link T0

a Ca T
0
a Ca

1 7 70 14 140 14 5 70 10 140 27 4 28 8 56
2 9 56 18 112 15 4 28 8 56 28 4 28 8 56
3 9 70 18 140 16 6 14 12 28 29 4 70 8 140
4 9 28 18 56 17 5 70 10 140 30 9 28 18 56
5 9 56 18 112 18 9 70 18 140 31 8 56 16 112
6 11 56 22 112 19 4 70 8 140 32 4 70 8 140
7 12 56 24 112 20 9 70 18 140 33 4 70 8 140
8 5 37 10 74 21 9 70 18 140 34 9 56 18 112
9 7 70 14 140 22 14 56 28 112 35 7 14 14 28
10 12 56 24 112 23 5 37 10 74 36 14 56 28 112
11 12 42 24 84 24 9 42 18 84 37 11 56 22 112
12 9 42 18 84 25 5 28 10 56 38 9 28 18 56
13 12 42 24 84 26 9 28 18 56

Table 7. Origin–Destination (OD) pairs and the corresponding demand.

OD No. O D Demand OD No. O D Demand

1 1 2 210.00 10 4 2 320.00
2 1 3 430.00 11 4 3 110.00
3 1 8 320.00 12 4 8 210.00
4 2 1 210.00 13 8 1 320.00
5 2 4 320.00 14 8 4 210.00
6 2 12 50.00 15 8 12 60.00
7 3 1 430.00 16 12 2 50.00
8 3 4 110.00 17 12 3 40.00
9 3 12 40.00 18 12 8 60.00

As discussed before, cases of physical separation are special cases of those without physical
separation, with the proposed model only tested for cases of no physical separation between vehicle
lanes and bicycle lanes for any link in the network. Table 8 shows the resulting link flow pattern,
where, for any link, the link flow of the E-bike is larger than that of vehicle. Hence, given the OD
demand shown in Table 7, the proportion of E-bike demand is larger than that of vehicle demand.
The simple example proves that the proportion of vehicle demand decreases with increasing total
demand, while the proportion of E-bike demand increases with the total demand. Similarly, when we
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reduce the total travel demand of the Nguyen–Dupuis network, vehicle choice proportion increases
and E-bike choice proportion decreases.

Table 8. Link flows of the NCP for the Nguyen–Dupuis network.

Link va va Link va va Link va va

1 83.84 335.47 14 75.87 332.90 27 26.34 60.69
2 66.79 473.90 15 24.98 74.76 28 34.38 390.82
3 109.29 175.43 16 25.79 112.23 29 61.04 434.67
4 15.97 279.31 17 77.65 332.82 30 16.56 277.95
5 51.53 249.78 18 74.01 239.21 31 46.34 250.42
6 47.25 231.44 19 3.22 226.62 32 8.14 210.53
7 56.63 115.54 20 111.05 174.44 33 60.72 451.50
8 17.06 450.78 21 70.88 255.23 34 67.33 469.30
9 86.63 336.73 22 70.93 477.68 35 26.24 102.18

10 56.37 107.38 23 16.83 459.42 36 68.68 493.60
11 74.61 305.48 24 64.80 162.84 37 46.86 236.39
12 65.86 145.52 25 36.06 359.91 38 47.25 231.44
13 78.20 281.28 26 46.86 236.39

To check the correctness of the solutions when applying the proposed NCP model to a larger
network, Table 9 shows the resulting route flows and route costs. Without loss of generality, Table 9
only shows the results for OD pairs 1-3 and 4-2. First, the sum of route flows of vehicles and E-bikes
for each OD pair should equal the total demand of that OD pair. In detail, for OD pair 1-3, the total
vehicle route flow is 2.36 + 19.00 + 46.86 = 68.22 and the total E-bike route flow is 129.01 + 19.13 +
126.39 + 12.39 + 74.76 = 361.78. Hence, the total flow is 68.22 + 361.78 = 430, which equals the travel
demand of OD pair 1-3. Thus, the sum of vehicle and E-bike route flows for each OD pair should equal
to the total demand of the OD pair, which is satisfied for OD pair 1-3. Similarly, OD pair 4-2 is also
verified. Second, for any OD pair, the cost of each used route (including vehicles and E-bikes) should
equal its minimum travel cost, with the unused routes having higher costs than the minimum OD
travel cost. Table 9 clearly shows that the resulting route flows and costs of vehicles and E-bikes satisfy
the Wardrop UEprinciple.

Table 9. Route flows of the NCP for the Nguyen–Dupuis network.

OD
OD

Demand
Route

Route Flow
of Vehicles

Route Flow
of E-Bikes

Route Cost
of Vehicles

Route Cost
of E-Bikes

1-3 430.00

1-11-14-19-31 2.36 129.10 246.89 246.89
1-11-15-29-31 0 0 246.89 246.89
1-12-25-29-31 19.00 19.13 246.89 246.89

1-12-26-37 46.86 126.39 246.89 246.89
2-35-14-19-31 0 12.39 246.89 246.89
2-35-15-29-31 0 74.76 246.89 246.89

4-2 320
7-11-14-18-20 25.49 0 269.85 281.06

8-25-29-30 16.56 277.95 269.85 269.85
8-25-29-32-18-20 0 0 269.85 281.06

7. Conclusions

To consider the mode choice behavior between vehicles and E-bikes, this paper presented a
multimode traffic assignment model formulated as a CP. In this model, the route cost was assumed
to consist of route travel time and out-of-pocket cost. Then, the BPR link travel time function was
extended for cases with and without physical separation between vehicle lanes and bicycle lanes,
respectively. Given the modified link travel time functions, the proposed multimode traffic assignment
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model became an NCP. Further, the uniqueness of the equilibrium solution to the proposed NCP was
proven and a solution algorithm based on the Newton method was developed.

Numerical examples were conducted on two different size networks, with the results showing
that the solution to the proposed NCP was correct, that is, the solution satisfied the Wardrop UE
principle and flow conservation law. Sensitivity analysis showed that since E-bikes are more flexible
than vehicles, especially in congested areas, E-bike choice proportion increased with total travel
demand and vehicle choice proportion decreased accordingly. Increased in out-of-pocket costs led to a
reduction of the corresponding mode choice.

Through the comparison of cases with and without physical separations, it was found that
reducing the inference between vehicles and E-bikes could significantly reduce total system travel time,
indicating that traffic engineers and planners should try to physically separate the flow of vehicles and
E-bikes as much as possible.

In reality, due to factors such as resource constraints, it is impossible for all links to be physically
separated between vehicle lanes and bicycle lanes. Hence, in future research, it would be worthwhile
to optimize which links should set up physical separations and extend the proposed CP model to the
network design problem. Meanwhile, the application of the proposed model should be tested on real
networks, and the modified link travel time function should be verified and calibrated by real link
travel data. In addition, some travelers are accustomed to certain traffic modes and do not consider
other modes in reality, and some travelers may have more alternatives besides vehicles and E-bikes,
such as public transportation. Hence, extending the proposed CP model to consider more types of
travelers in the future would be worthwhile.
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Appendix A Proof of the Equivalent Equations (3) and (4)

Proof. Equations (3) and (4) are equivalent if πw has a strictly positive value. If πw is positive, the
equality

∑
i∈Pw

(
f w
i + f

w
i

)
= qw in Equation (3) must be satisfied. Therefore, to show the equivalence,

it is sufficient to show that πw cannot equal 0.
Assume πw equals 0. Since πw represents the minimum travel cost of OD pair w, πw = 0 means

the route flow of any route between OD pair w for both vehicles and E-bikes is 0. Thus, the demand qw

of OD pair w is zero. Note qw > 0. Therefore πw cannot be 0, thereby proving that Equations (3) and (4)
are equivalent. �
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Abstract: Walking and biking to school represent a source of regular daily physical activity (PA).
The objectives of this paper are to determine the associations of distance to school, crime safety,
and socioeconomic variables with active school transport (AST) among children from five culturally
and socioeconomically different country sites and to describe the main policies related to AST in those
country sites. The analytical sample included 2845 children aged 9–11 years from the International
Study of Childhood Obesity, Lifestyle and the Environment. Multilevel generalized linear mixed
models were used to estimate the associations between distance, safety and socioeconomic variables,
and the odds of engaging in AST. Greater distance to school and vehicle ownership were associated
with a lower likelihood of engaging in AST in sites in upper-middle- and high-income countries.
Crime perception was negatively associated to AST only in sites in high-income countries. Our results
suggest that distance to school is a consistent correlate of AST in different contexts. Our findings
regarding crime perception support a need vs. choice framework, indicating that AST may be the
only commuting choice for many children from the study sites in upper-middle-income countries,
despite the high perception of crime.
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1. Introduction

In the context of a global crisis of physical inactivity, walking and biking to and from school
represent an opportunity for children to engage in regular physical activity (PA) on a daily basis [1].
Children who walk or bike to school have higher levels of PA [2] and lower measures of adiposity [3,4].
Moreover, cycling to/from school is associated with higher cardiorespiratory fitness [3] and lower
cardiovascular disease risk factors [5]. In addition to the health benefits, active school transport (AST)
contributes to the development of children’s independent mobility [6], provides opportunities for
children to interact with their local environments [7], and has the potential to mitigate the adverse
environmental effects of the use of motorized vehicles around schools by reducing emissions of
greenhouse gases and other pollutants [8,9]. Despite these benefits, time trends show that the
prevalence of AST in low, middle- [10–13], and high-income countries (HIC) [14–22] is declining.

A multicountry study indicated that more than 50% of children reported AST in cities from
upper-middle-income countries (UMIC) like Bogota in Colombia and Cape Town in South Africa and
in cities from HIC like Helsinki in Finland and Bath in the UK [2]. These findings can be understood,
in part, within a “need vs. choice” framework, where the drivers to engage in AST differ according
to the context [23]. This framework proposes that for low and middle-income countries (LMIC),
the involvement in AST may be a result of a need given the limited car availability [4,23]. In contrast,
for HIC, AST could be a choice driven by the availability of policies and infrastructure that support
AST [4,24]. This framework suggests that the drivers for AST may differ according to the context and
taking those differences into account is essential for policymaking processes.

Although previous studies have shown associations between AST and several correlates,
including distance, motor vehicle ownership, perceived safety, land use mix, walking and cycling
infrastructure, walkability, urban form, and social interactions [25–29], there is evidence that shows
that associations and the direction of association may differ across countries [25]. Furthermore,
distance between home and school has been described as the most consistent correlate of AST [26,27,30],
and together with safety perceptions and resources availability, such as car ownership, are among the
main factors that influence AST and can guide public policy design [31]. However, the studies that
have objectively measured the distance to school have been conducted only in HIC [30]. Therefore,
the generalizability of these results to UMIC and the relevance of these factors in the design of AST
policies is unclear.

In this context, international studies using comparable methods and including sites that differ on
sociodemographic characteristics can help to elucidate the association between AST with potential
correlates such as distance and crime safety. Furthermore, a review of the policy environment in these
contexts is crucial to determine the relevance of environmental variables like distance and safety in
the practice to promote AST. Therefore, the objectives of this study are twofold: (1) to determine the
associations between AST and measures of distance between home and school and crime safety among
children from study sites located in five culturally and socioeconomic different countries and (2) to
describe the main policies related to AST in the research sites included in this study.

2. Materials and Methods

The International Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE) is
a multinational, cross-sectional study conducted among 9–11-year-old children from study sites
in 12 countries. More details on the study design and methods can be found elsewhere [32].
Analyses reported in the present study include data from five ISCOLE sites: Ottawa (Canada),
Bogota (Colombia), Helsinki, Espoo, and Vantaa; onwards, we will use Helsinki as a collective
term for the three cities (Finland), Cape Town (South Africa), and Baton Rouge (United States).
Data were collected in 111 schools (Ottawa = 26, Bogota = 20, Helsinki = 25, Cape Town = 19 and
Baton Rouge = 21). These sites were included in the present analyses because they provided objective
data on distance between home and school measured using geographic information systems (GIS).
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The institutional review board at the Pennington Biomedical Research Center (coordinating center)
approved the overarching protocol, and the institutional/ethical review boards at each participating
institution approved local protocols. Written informed consent was obtained from parents or legal
guardians, and child assent was obtained for all participants. The data were collected from September
2011 through December 2013.

2.1. Study Setting

Our study included sites in the countries with the most unequal (South Africa) and the least
unequal (Finland) distribution of income in ISCOLE, according to the Gini index [33]. The population
at the city levels varied from 812,129 inhabitants in Ottawa to 7,674,366 inhabitants in Bogota [34].
Some variability was also observed in contextual variables at the national level that may be relevant to
engagement in AST. The number of motor vehicles per capita ranged from 89 per 1000 inhabitants in
Colombia, to 809 per 1000 inhabitants in the United States [35]. The road traffic death rate ranged from
5.1 to 31.9 deaths per 100,000 inhabitants, in Finland and South Africa, respectively [36], and robbery
rate varied from 30.8 to 197.5 per 100,000 inhabitants, in Finland and Colombia, respectively [37]
(Table 1).

Table 1. Sociodemographic characteristics of five country sites in the International Study of Childhood
Obesity, Lifestyle and the Environment (ISCOLE).

Socio-Demographic
Characteristics

Ottawa
(Canada)

Bogota
(Colombia)

Helsinki,
Espoo &
Vantaa

(Finland)

Cape Town
(South Africa)

Baton Rouge
(US)

World bank classification a High income Upper-middle
income High income Upper-middle

income High income

Gini index (year) a 34.0 (2013) 50.8 (2016) 27.1 (2017) 63.0 (2014) 41.5 (2016)
Total population at the city

level 812,129 7,674,366 1,005,275 3,433,441 228,590

Population density
(inhabitants per km2) 317 4310 2739 1530 2960

Motor vehicles per
1000 inhabitants b 605 58 534 159 809

Estimated road traffic
death rate per

100,000 population c
6.8 15.6 5.1 31.9 11.4

Crime rate
Robbery rate per

100,000 population d 58.8 197.5 30.8 101.4 102

a World Bank Data at country level [33]; b World Bank Data at country level: Motor vehicles (per 1000 people)
include cars, buses, and freight vehicles but not two-wheelers [35]; c World Health Organization data at country
level: Global status report on road safety 2013 [36]; d Robbery at the national level, number of police-recorded
offences. Definitions: “Robbery” means the theft of property from a person, overcoming resistance by force or threat
of force. Where possible, the category “Robbery” should include muggings (bag-snatching) and theft with violence
but should exclude pick pocketing and extortion [37].

2.2. Participants

The overall response rate for ISCOLE study was 60% [38]. The present analysis included
2960 children from the selected study sites, and 2845 remained in the analytical data set after excluding
participants for whom data on AST (n = 22), parental education (n = 17), motor-vehicle availability
(n = 9), and parental crime perception (n = 67) were not available. The inclusion rate per study site was
95.4% for Ottawa, 99.2% for Bogota, 90.8% for Helsinki, 56.7% for Cape Town, and 91% for Baton Rouge.
The participants who were excluded from the present analysis were more likely to be overweight or
obese (p < 0.001) and were less likely to report meeting PA guidelines (p = 0.001), compared with the
included sample. In addition, their parents were more likely to report that they did not complete high
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school (p < 0.001). The five study sites were specifically selected from the 12 country sites for the
ISCOLE study on the basis of the availability of geo-coded data.

2.3. Measurements

2.3.1. Active School Transport

AST was self-reported by participants, who responded to a diet and lifestyle questionnaire [32].
The questions used to assess AST were adapted for each country from the Canadian component of
the 2009–2010 Health Behavior in School-aged Children Study [39]. Travel mode was assessed with
the question “In the last week you were in school, the main part of your journey to school was by”.
The response options included active modes such as walking, bicycle, roller blades, and scooter and
motorized modes such as car, motorcycle, moped (motor scooters), bus, train, tram, underground or
boat, and others according to country-specific modes of transport. Other modes of transportation
included active modes such as running and jogging; motorized modes such as the school van, bus feeder;
and inactive nonmotorized modes such as pedicab (tricycle with a passenger compartment), and riding
on the top tube of the bike’s frame [4]. For this analysis, responses were collapsed into a binary variable
indicating AST or nonactive travel.

2.3.2. Distance to School

Distance to school was estimated using ArcGIS 10.2 (ESRI Inc., Redlands, CA). Children’s home
address information was reported by the parents who responded to a demographic questionnaire.
Home and school addresses were geo-coded using specific layers for each city. If parents did not
provide a complete address, the closest street intersection was used. To estimate the distance between
home and school, it was assumed that children took the shortest route via the street network. For the
present analysis, distance was used both as a continuous and as a categorical variable using 4 levels:
(1) <1000 m; (2) 1000 m–1499 m; (3) 1500 m–1999 m; and (4) ≥2000 m. The categories of distance to
school were determined by previous studies and examining the continuous measurement of distance
to school using smoothed locally estimated scatterplot smoothing (LOESS) curves [40].

2.3.3. Parental Perception of Crime

We included a crime perception scale adapted from the Neighborhood Environment Walkability
Scale for Youth (NEWS-Y) [41], created based on five crime safety items and assessed on a 4-point
Likert scale (from strongly disagree to strongly agree): “I am afraid of my child being taken or hurt
by a stranger on local streets”, “I am afraid of my child being taken or hurt by a stranger in my yard,
driveway or common area”, “I am afraid of my child being taken or hurt by a stranger in a local
park”, “I am afraid of my child being taken or hurt by a known ‘bad’ person (adult or child) in my
neighborhood”, and “there is a high crime rate”. The crime perception variable was scored (score
range 1–4) as the average of the five crime safety items (Cronbach α = 0.86) [25], where high scores
represent greater safety concerns.

2.3.4. Correlates

Sociodemographic variables were reported by the parents in response to the demographic
and family health questionnaire from ISCOLE [32]. For this analysis we included age, gender,
parental education, and vehicle ownership. The highest parental education variable was created based
on the highest education level attained by the mother or the father (less than high school, complete high
school or some college, and university degree or postgraduate degree). Vehicle ownership was reported
as the number of motorized vehicles (cars, motorcycles, mopeds, and/or trucks) available for use in the
household and was recoded as 0 vs.1 vs. ≥ 2 for the analyses.
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2.4. Statistical Analysis

The descriptive characteristics included the means and standard deviations (SD) for continuous
variables and the frequencies of categorical variables stratified by study site. Associations between
distance to school and the likelihood of engaging in AST were estimated using generalized linear mixed
models (SAS PROC GLIMMIX), stratifying by the World Bank country classification by income level of
the countries where the study sites were located at, which grouped Bogota and Cape Town as belonging
to UMIC and Ottawa, Helsinki, and Baton Rouge as belonging to HIC. The statistical models included
age, gender, parental education, motorized vehicle ownership, and crime perception as potential
correlates. To account for the clustering effects of schools and study sites, the multilevel models
included three levels: the child, school, and study site. Study sites and schools nested within study
sites were considered as having fixed effects. The denominator degrees of freedom for statistical tests
pertaining to fixed effects were calculated using the Kenward and Roger approximation. These analyses
were conducted using SAS version 9.3 (SAS Institute, Cary, NC, USA).

Curvilinear relationships of AST with distance to school and parent’s perception of crime were
estimated using smooth terms in generalized additive models (GAMs) (in GAMs the linear predictor is
specified in terms of a sum of smooth functions of covariates) [42]. We employed a GAM function
of mgcv package in R with binomial variance with logit link function and used thin-plate regression
splines to estimate the smooth function of the covariates distance to school and parent’s perception of
crime. Separate GAMs were run to estimate the association of AST with distance to school and parent’s
perception of crime by income level of the country that the study site belonged to. We used GAM to
study the association of AST with distance to school and parent’s perception of crime because these
models can estimate complex curvilinear relationships of unknown form among a dependent variable
and smooth functions of a set of covariates and/or a set of covariates [42]. A detailed description
of GAM is available elsewhere [42]. These analyses were conducted using R version 3.4.0 (The R
Foundation for Statistical Computing, Vienna, Austria).

The generalized linear mixed models and the GAMS were also conducted excluding the active
commuters living at 5km or more from school as sensitivity analyses.

A distance decay parameter was estimated to compare the distribution of walking distances
among study sites. A specific distance decay function fitted to a real data set presents a precise
description of the distribution of walking trips over distances [43]. The exponential function is used
because the distances involved are relatively short [44–47]. The function used is:

P (d) = e−βd (1)

where P(d) denotes the cumulative percentage of walking trips with distance equal or longer than d
and β is the parameter estimated using empirical data. The parameter β was estimated by least-squares
fit (FindFit in Mathematica 11.1). The resulting distance decay functions can be used to compare the
distribution of walking distances among different groups [43].

2.5. AST Policies

To contextualize the policy environment of the study sites included in this analysis, we reviewed
specific AST-policy documents at the city/state level. A policy search plan was developed to incorporate
two different searching strategies: (1) academic databases and (2) customized Google search engines.
The search strategy comprised four concepts: age group, active transport, interventions, and location of
the interventions. These concepts were translated into keywords (adolescent, child, children, students,
pupils, bicycling, transportation, walking, cyclists, cycling, bike, travel, intervention, implement,
evaluate, change, pilot, project, environment, planning, impact, policy, project, politics, program,
guidelines, methods, health impact assessment and planning techniques, Ottawa, Bogota, Helsinki,
Cape Town, Baton Rouge, and Louisiana). For the customized Google search, we used the terms “Active
school transportation policy + City/state” OR “City + school transport guide”, OR “City + school
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transport guidelines”; for Bogota, the search also included the Spanish terms: “Bogotá guías de transporte
escolar”. The eligibility criteria included: impact evaluation of programs, case studies, policy documents,
official guidelines, nongovernmental information, and news. The documents selected were screened for
information on regulation of AST in each city (Supplementary file 1). Finally, we extracted information
from all of the documents regarding security, infrastructure, and the specific policy actions at each city.
This information was complemented and validated by coauthors from each country site.

3. Results

A total sample of 2845 children from Ottawa (n = 541), Bogota (n = 912), Helsinki (n = 487),
Cape Town (n = 312), and Baton Rouge (n = 593) was included in the present analysis (Table 2).
The average age of participants was 10.3 ± 0.6 years, and 54% were girls. Parental education level
differed between sites, reflecting the variability in socioeconomic status. Cape Town had the highest
percentage of parents with less than high school as their highest education level (37.7%), while Ottawa
had the lowest percentage in this category (2.0%). Overall, 67.6% of the households had access to at
least one vehicle. Ottawa had the lowest percentage of households with no access to motor vehicles
(3.8%), while Bogotá had the highest percentage in this category (75.8%). Finally, the average score for
crime perception was 2.6 ± 1.0, ranging from 1.6 in Helsinki to 3.4 in Bogota (Table 2).

Table 2. Descriptive Characteristics of Participants Stratified by Study Site (n= 2845) in the International
Study of Childhood Obesity, Lifestyle and the Environment (ISCOLE).

Socio-Demographic
Variables of the Sample

Ottawa
(Canada)

Bogota
(Colombia)

Helsinki, Espoo
& Vantaa
(Finland)

Cape Town
(South
Africa)

Baton
Rouge
(US)

Total

n = 541 n = 912 n = 487 n = 312 n = 593 n = 2845

Age a 10.5 (0.4) 10.5 (0.6) 10.5 (0.4) 10.2 (0.7) 10.0 (0.6) 10.3 (0.6)
Sex

Male (%) 42.7 49.6 47.5 44.3 43.2 46.0
Female (%) 57.4 50.4 52.5 55.7 56.8 54.0

Highest parent education
<High School (%) 2.0 31.8 2.9 37.7 8.6 17.0

Complete high-school or
some college (%) 27.8 50.8 54.9 45.9 43.2 45.0

≥Bachelor degree (%) 70.2 17.4 42.2 16.4 48.2 38.0
Number of motorized

vehicles in the household
None (%) 3.8 75.8 9.4 37.5 8.3 32.5
One (%) 38.3 21.5 45.2 32.4 30.5 31.8

Two or more (%) 57.9 2.7 45.4 30.1 61.2 35.7
Crime perception score a 2.0 (0.7) 3.4 (0.7) 1.6 (0.6) 3.1 (0.8) 2.4 (0.8) 2.6 (1.0)

School transport
characteristics

Mode of transport to
school

Walking (%) 34.9 71.6 54.7 49.4 10.1 46.3
Bicycle, roller-blade,

skateboard, scooter (%) 0.6 1.8 24.4 0.9 0.7 5.1

Bus, train, tram,
underground, or boat (%) 38.1 18.7 13.3 5.4 34.5 23.3

Car, motorcycle, or
moped (%) 26.5 7.3 7.6 44.3 54.3 25.0

Other b (%) 0.0 0.7 0.0 0.0 0.5 0.3
Distance-related

variables
Average distance to

school (km) a 2.8 (4.2) 2.4 (3.7) 1.5 (1.7) 2.9 (3.9) 4.6 (5.1) 2.8 (4.0)
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Table 2. Cont.

Socio-Demographic
Variables of the Sample

Ottawa
(Canada)

Bogota
(Colombia)

Helsinki, Espoo
& Vantaa
(Finland)

Cape Town
(South
Africa)

Baton
Rouge
(US)

Total

Median of the distance to
school (km) 1.5 0.8 1.0 1.5 3.3 1.3

Distance distribution
among active and

nonactive travelers
<1 km (%) 36.8 56.6 50.0 38.1 19.1 41.7

1 km ≤ Distance < 1.5 Km
(%) 13.2 10.6 20.9 12.0 11.6 13.2

1.5 Km ≤ Distance <
2 Km (%) 10.9 5.5 12.3 11.3 7.9 8.8

≥2 km (%) 39.2 27.4 16.8 38.7 61.4 36.2
Distance distribution

among active travelers
<1 km (%) 70.0 73.0 60.6 64.4 80.0 68.7

1 km ≤ Distance < 1.5 Km
(%) 17.1 10.6 21.8 12.5 4.6 14.3

1.5 Km ≤ Distance <
2 Km (%) 4.2 4.9 12.2 11.3 3.1 7.3

≥2 km (%) 8.8 11.5 5.4 11.9 12.3 9.6
Average distance to
school among active

travelers (km) a
1.3 (2.9) 1.4 (2.7) 1.0 (0.8) 1.7 (3.2) 1.0 (1.6) 1.3 (2.4)

Active travel among
children living at <1 km

(%)
67.2 94.6 95.9 84.9 44.8 84.5

a Mean and Standard Deviation; b Other includes school van, bus feeder, riding on the top tube of the bike’s frame,
pedicab, and wheelchair.

3.1. School Transport

The overall prevalence of AST was 51.4%, ranging from 10.7% in Baton Rouge to 79.1% in Helsinki.
Among all children, the average distance between home and school was 2.8 ± 4.0 km, ranging from
1.5 km in Helsinki to 4.6 km in Baton Rouge. Among children who engaged in AST, the average
distance between home and school was 1.3 ± 2.4 km, ranging from 1.0 km in Helsinki and Baton Rouge,
to 1.7 km in Cape Town. In the group of active travelers, 68.7% of the children lived within 1 km of the
school, while 9.6% lived further than 2 km away (Table 2).

3.2. Factors Associated with AST by Income Level of the Country

Multivariable models stratified by income level of the country that the study sites belonged to
showed common and differing factors associated to AST (Table 3). Number of vehicles and greater
distance between home and school were negatively associated with AST in sites from both UMIC and
HIC. In addition, children whose parents had a lower education level were more likely to engage in
AST, only in sites from UMIC. Regarding crime perception, each unit increase in the crime perception
scale was associated with 33% higher odds of AST among children from sites in UMIC (OR = 1.33
CI [1.06–1.66], p = 0.014), whereas an opposite association was observed among children from sites in
HIC (OR= 0.37 CI [0.31–0.45], p < 0.001). Gender was not associated with AST and age was positively
associated only among children from sites in HIC. The direction and significance of these associations
remained in the sensitivity analysis excluding the children who lived at 5km or more and used AST
(results not shown).
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Figure 1 shows the curvilinear relationship of AST with distance to school and parent’s perception
of crime by groups according to the income level of the countries. The negative association between
distance and the probability of engaging in AST was stronger in sites in HIC (Chi.sq (6.7, 8.4) = 423.5,
p < 0.0001) compared to the sites in UMIC (Chi.sq (13.1, 16.2) = 332.6, p < 0.0001). In HIC-sites,
the results of the GAM show that the probability of engaging in AST decreased with an increase of
the distance to school from 0 to 5 km. However, for UMIC-sites, the probability of engaging in AST
decreased but not uniformly when the distance increased. The probability for sites in UMIC increased
again when the distance took the values of 5, 12, and 15 km approximately. It is important to note that
the latter estimates had a high level of uncertainty (imprecise confidence intervals) due to the small
number of participants living more than 15 km away from school. However, the analysis excluding the
AST users living at 5km or more, showed similar patterns (results not shown).

Moreover, for sites in HIC, the results of the GAM show that the probability of engaging in AST
decreased with an increase in the parent’s perception of crime from 1 to 3 (Chi.sq (3.9, 4.8) = 124.3,
p < 0.0001). However, for sites in UMIC, the probability of AST increased with parent’s perception of
crime (Chi.sq (3.3, 4.1) = 99.6, p < 0.0001).

Figure 1. Associations of active transport to school with distance and crime perception by income level
of the country. (A) Association of active transportation to school with distance between home and school
among children from sites in upper middle-income countries. (B) Association of active transportation
to school with distance between home and school among children from sites in high-income countries.
(C) Association of active transportation to school with parental perception of crime in sites in upper
middle-income countries. (D) Association of active transportation to school with parental perception
of crime in sites in high-income countries.

Figure 2 shows the distance decay functions for each study site. This figure shows the lowest
β-parameter for children from Cape Town (β = 0.87), followed by Ottawa (β = 1.05), Bogota (β = 1.15),
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Finland (β = 1.16), and the highest in Baton Rouge (β = 1.54). A higher β means a steeper decline in
the probability of walking as distance increases.

Figure 2. Distance decay curves by study site.

3.3. AST Policies

Table 4 describes AST policies in the five cities included in this analysis. All the cities had
AST-related policies, and all of them proposed actions aiming to change travel behavior and to
create AST supporting environments. Transport and education sectors were the main leaders and
implementers of these policies, but most of them also engaged other sectors like public health,
urban planning, and security. A common characteristic of the policies was the inclusion of school
travel initiatives such as Safe Routes to School (Ottawa and Baton Rouge), Al colegio en bici (Bogota),
and walking school buses and bicycle trains initiatives (Helsinki and Cape Town). Reflecting the
importance of distance as a determinant in the mode of transport selection, all the cities had programs
or initiatives that enhanced public transportation or school buses for children living at a certain
distance from the school. However, the eligibility criteria to access these programs differed by city. The
minimum distance between home and school to be eligible for transport support varied from 0.8 km
for kindergarten children in Ottawa to 5 km for children in Cape Town.
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4. Discussion

The results of this study show a tale of two journeys, one in cities from UMIC and a different one
in cities from HIC. In the study sites in UMIC, higher scores on crime perception were associated with
higher odds of AST and there was a curvilinear relationship between distance and the likelihood of
AST. Conversely, in the study sites in HIC, children were less likely to engage in AST as distance and
crime perception increased. The fact that children from sites in UMIC are engaging in AST even with
high perceptions of vulnerability to crime supports the previously proposed need-based framework
for physical activity. This framework suggests that for some populations AST may be the result of a
need in absence of other options for transportation [4,23]. By contrast, in high-income settings AST
may be a socially desirable activity [60] in a supportive context [24], which supports a choice-based
framework [4,23]. These differences in AST patterns should be considered for evaluating existing
policy approaches and to support the development of new policy, regulation, design, and program
interventions for children.

Safety concerns are one of the main barriers to AST reported by parents [22,61,62]. Our results
for the sites in HIC are consistent with previous and recent evidence [63,64]. However, our findings
indicate a counter-intuitive association among children from sites in UMIC. These results indicate that
for many children, safety concerns are not a barrier for AST and suggest that these children could be
engaging in AST due to a necessity. Our results contribute to fill the gap identified by recent studies
in LMIC that make a call for the collection and report on cross-country differences in the drivers of
AST that can be related to socioeconomic status, such as distance, car ownership, and safety [65].
Despite the fact that supporting evidence from other UMIC is scarce, similar associations have been
reported in disadvantaged populations from HIC as observed in children from urban-dwellings in
Baltimore [66]. Similarly, a longitudinal study on younger children in Quebec, Canada reported that
those living in poverty were more likely to engage in AST during the first school years, despite being
exposed to unsafe environments, which has been defined by the authors as environmental injustice [18].
These results add to the concept that in low income communities AST is a need instead of a choice.
In addition, previous research in low income groups of adults [67] and children [68,69] has yielded
conflicting findings regarding the relationship between crime and different measures of AST and PA.
Our policy review evidenced that safety is mentioned as a priority in the agenda of AST promotion in
our study sites. Interventions like Safe Routes to School, the Walking School Bus, or Al colegio en bici
could serve as examples from cities in HIC and UMIC to improve safety and reinforce AST where it
is already prevalent. These strategies highlight the importance of parents, school, and community
involvement, as well as interaction between these groups. However, more evidence and impact
evaluation of the different outcomes of these strategies are needed. Recent systematic reviews have
reported the effectiveness of Safe Routes to School and Walking School Bus initiatives in other HIC
contexts, but few interventions have been implemented in UMIC [50,70]. Future studies comparing
multiple programs of UMIC and HIC settings should also be conducted.

The negative association with access to motorized vehicles observed in this study is consistent
with previous literature showing that children from households with at least one motorized vehicle
available for use are less likely to engage in AST [25,71,72]. However, when examining ISCOLE
country sites individually, this relationship was not significant in many country sites [25]. Presumably,
vehicle ownership may favor motorized travel to a greater extent when parents perceive that it is more
convenient to drive their children to school [73,74]. In North America, AST has declined considerably
over the last 50 years [17,21,22]. For example, in the United States, 49% of children 5-14 years engaged
in AST in 1969, but only 13% engaged in AST in 2009 [22]. These trends and our findings suggest
that in HIC settings, interventions should focus on children from households that own a car and live
at a walkable distance from school, which could potentially shift from motorized to active modes of
transport. Our study shows that 73.3% of children in Bogota, 79.1% in Helsinki, and 50.3% in Cape
Town engage in AST, which reflect even higher AST patterns than those observed in the 1960s in
the United States. Future studies should assess the factors associated with AST in a HIC setting like
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Finland and in UMIC like Colombia and South Africa. To our knowledge, no previous study in LMICs
examined perceived convenience of driving among parents or to what extent the (re)development of
built environments designed to prioritize cars could or has affected AST, as it has been observed in
HIC [61]. Such research may be particularly important in the context of the PA transition [75], which is
characterized among other things by a shift from active to motorized transportation.

The negative association observed between distance to school and AST in HIC and in UMIC
is consistent with previous studies that have reported that distance is one of the main correlates of
AST [26,27,30,64,71,76,77]. However, our results show different parameters and inflection points by
study site and by income level of the country, respectively. Specifically, the distance decay parameters
indicate that children from Cape Town and Ottawa are willing to actively travel for longer distances.
Nonetheless it is in Cape Town and Bogota where the percentage of children have the highest likelihood
of walking more than 5 km. These results align with the proposed need vs. choice framework [4,23].
Similarly, the curvilinear relationship between AST and distance observed for sites in UMIC suggests
an increased probability of engaging in AST among children living 5 km or further from the school.
Considering that previous studies in HIC have proposed distances between 1.4 and 1.6 km as thresholds
for socially normative walking distances for children [78], we hypothesize that our results for sites
in UMIC could be related to poverty conditions. Children who are walking those extreme distances
because they have no other choice, usually face risks and challenges that eventually would lead them
to give up active commuting [60]. For this reason, these groups should be the target for cycling or
multimodal transportation initiatives that improve their quality of life while at the same time allowing
them to maintain active behaviors for an acceptable part of their journey. Initiatives that provide the
bicycles to children through a loan system, like Al colegio en bici in Bogota and Qubeka in Cape Town
could be scalable to cities in LMIC to provide access to the required equipment for cycling to school.
The policy review indicated that all the study sites are committed to provide school bus services or
subsidies for children living at certain distances from school; however, our results could suggest a
limited implementation of these initiatives in the sites in UMIC. The findings from this study could
contribute to understand the role of urban planning and safety promotion at the local level in the
engagement on AST. These associations are relevant for the promotion of health in urban contexts,
and increasingly car-dependent societies, taking into account the multiple health and environmental
benefits of active transportation [79].

Strengths of the present study include the implementation of a standardized protocol across
countries which facilitated comparisons, the objective measurement of distance between households
and schools and the use of a crime subscale with a satisfactory internal consistency, and the systematic
search of local policies. However, our findings should be interpreted cautiously considering the
following limitations. First, the cross-sectional design of the study does not allow the inference of
causality. For instance, we cannot rule out the possibility that the observed relationship between
perceived crime and AST might be attributable to reverse causality (i.e., parents may be more concerned
about crime because their child engages in AST). Second, AST was assessed only for the journey “to
school”, which may be a potential source of bias, considering that some children may engage in AST
only on the journey “to home”. Third, the distance estimations assumed that children took the shortest
route via the street network to go to school, which may not represent the actual route travelled [26,80].
However, a previous study that compared routes measured by global positioning systems and estimated
by GIS found similar travel distances, despite the route discordance [81]. Fourth, correlates of walking
and cycling may differ but the low prevalence of cycling in all the countries, except for Finland, did not
allow for the assessment of these relationships separately. Fifth, there could be a risk of recall bias and
social desirability bias in the AST and parental perception of crime variables, due to the self-reported
nature of these variables. Finally, sixth, regarding the results for UMIC, it is important to note the
lower inclusion rate of participants from Cape Town, which led to having an overrepresentation of
children from Bogotá in the UMIC subsample.
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Policy Implications

Our results can be of interest for policy-makers from multiple sectors in high-income countries
and UMIC. Ideally, these findings should be taken into account in conjunction, as evidence suggests
that the most promising policies are those that address distance concerns and safety perceptions
improvements [82]. The following points summarize the relevance of our findings for policy-design in
different contexts:

• Distance: Distance is a key determinant for school-siting policies that aim to create dense
school networks and encourage active transportation by the location of schools at reasonable
distances from residential neighborhoods. Through the design of school-siting and land use
policies, policy-makers can manage the strong influence that distance can have on the engagement
in AST. This could be a relevant strategy for settings that are experiencing urbanization and
growing processes. Extreme distances can be addressed by multimodal transportation strategies
that combine motorized travel and AST, such as bike-friendly features in public transportation
infrastructure or safe routes for walking from bus stops to schools.

• Safety: policy-makers can contribute to address the parents’ concerns about crime perceptions
through the identification of potential risks and the design of safe routes for children living at
walkable distances from the schools. Strategies that involve adult accompaniment along the trip
to school can encourage the involvement in AST. These strategies are pertinent for HIC settings
where safety is inversely related to AST and for UMIC settings where an inverse association was
not observed, but safety improvement can contribute to making AST a sustainable behavior.

• Car-ownership: policy-makers cannot restrict car-ownership, however, motorized transportation
can be made less convenient for short trips through policy. Initiatives such as parking restrictions
around schools and traffic management strategies can discourage the use of motorized modes
and replace those trips with active options.

5. Conclusions

Distance to school is a consistent correlate of AST in differing contexts. Our findings regarding
crime perception support the need vs. choice framework, indicating that AST may be the only
travel mode available for many children from UMIC settings, despite the high perception of crime.
These findings could contribute to the design of policies and programs intended to promote active
commuting among children. The observed differences in the correlates of AST by country-income
level further substantiate our previous recommendation for context-specific evidence to guide local
interventions [25]. Future studies to address models of transportation to school behaviors should be
conducted taking into account the local context of the studied area and the potential differences within
and between regions. Policies and programs should be implemented to promote AST and ensure that
safe routes are available with the goal of reversing the declining trend of AST in HIC and to maintain
and increase prevalence of AST in UMIC settings, before unintended consequences of development
change these patterns.
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Abstract: This paper identifies the causal effect of commute time on labor supply in urban China
and provides implications for the development of active commuting. Labor supply is measured
by daily workhours, workdays per week and weekly workhours, and city average commute time
is adopted as an instrumental variable to correct the endogenous problem of individual commute
time. We find that in urban China, commute time does not have effect on daily labor supply but has
negative effects on workdays per week and weekly labor supply. These results are different from
those found in Germany and Spain, and are potentially related to the intense competition among
workers in the labor market of China. Moreover, the effect of commute time on workdays per week is
stronger for job changed workers. In addition, the effects of commute time on labor supply are not
different between males and females. Finally, policy implications for active commuting are discussed.

Keywords: commute time; labor supply; endogeneity; active commuting; China

1. Introduction

Active transportation and commuting are efficient ways to improve individuals’ physical activities,
ameliorate individuals’ health status, and reduce air pollution. In recent years, many big cities in
China, such as Beijing, have built a large number of exclusive bike lanes and encourage people to
go to work using this healthy and green method. In fact, active commuting does not merely relate
to health and the environment, but might also have a close relationship with economic activities.
Compared with traditional urban transportation modes, such as the subway, buses, and cars, active
commuting will inevitably increase individuals’ commute time. It has been shown that commute time
might significantly affect labor supply [1–3]. Accordingly, if commute time is proved to have negative
effects on labor supply, a potential conflict between active commuting and economic development
may arise, which might threaten the development of active commuting to some extent. In this case,
in order to better benefit from the functions of active commuting and transportation, remedies should
be considered to mitigate the negative effects.

In this paper, we aim to identify the causal effect of commute time on labor supply in urban China,
and provide policy implications for the promotions of active commuting.

There are divergent theoretical views on how to model the relationship between commuting and
labor supply in the literature. Some studies assume that the number of workdays is fixed and that the
number of workhours per day can be chosen [4], while other studies make the opposite assumption [5].
Therefore, valid empirical evidence of the causal effect of commuting on labor supply will shed some
lights on this theoretical debate. Previous research has found that, in Germany, commute distance has
a positive effect on daily and weekly labor supply but no effect on the number of workdays [1]. It has
also been found that commute distance has a negative effect on productivity measured by worker’s
absenteeism in Germany [2]. In Spain, it was found that longer commute time results in workers
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providing more daily labor supply [3]. It has been shown that when workers are free to make decisions
on their daily labor supply but subject to daily exogenous variation in commute time, commute time
has a negative effect on job-offer acceptance decisions of substitute teachers in Michigan [6].

In our study, labor supply is measured by daily workhours, workdays per week, and weekly
workhours. These three measurements of labor supply are necessary since they capture different
relationships between commute time and labor supply. Specifically, for a large proportion of workers,
commute time is the fixed cost for daily workhours, while it is the variable cost for weekly workhours
because workers can choose the number of workdays [4,5,7]. Using the China Health and Nutrition
Survey (CHNS), and combining the fixed effect model and instrumental variable method, we find that
commute time does not have a significant effect on daily workhours in China, which is in contrast with
the findings in Germany and Spain [1,3]. On the other hand, commute time significantly decreases the
number of workdays per week and weekly workhours. In addition, heterogeneous effects of commute
time are found between job changed and job unchanged workers. Finally, policy implications for the
development of active commuting are discussed.

This paper contributes to the literature by comparing the heterogeneous impacts of commute
time on labor supply in China and other countries (i.e., Germany and Spain). The patterns observed
in urban China, namely, that longer commute time does not significantly affect daily workhours but
significantly decreases the number of workdays per week and weekly workhours, might closely relate
to the intense competition among workers in the labor market of China. Such a particularity of China’s
labor market implies that in order to better promote active commuting, the Chinese government should
pay more attention to the amelioration of transportation infrastructure.

The remainder of this paper is organized as follows. The next section discusses the theoretical
model established in this study, provides detailed information on the data employed, and introduces
the identification strategy and the specification of the model. Section 3 presents empirical results and
additional results. Section 4 discusses the reasons for different results across countries and policy
implications for the development of active commuting. The final section concludes.

2. Methods

2.1. The Theoretical Model

Previous theoretical research presents a model of monocentric cities with decentralized
employment [8]. This model proposes if the work location is assumed to be fixed, longer commuting
will be compensated by lower house prices, or by higher wages when residential location is assumed to
be fixed. Although the effect of commuting on labor supply can be analyzed based on White’s model,
a large amount of the literature casts doubt on the ability of the monocentric model to explain actual
commuting behavior in the US [9–12].

The model we set up in this paper does not assume that the city is monocentric and that work
places are located in the center of city. On the contrary, work locations can be altered if workers change
their jobs. Since the data we use is longitudinal, in which people surveyed stay in the same residential
location, we assume that people do not change their residential locations. Hourly wage is a function of
distance from residential location to work location, that is, w(d), in which w is the hourly wage and d is
the round-trip commute distance.

Assume that the individual utility function is given by U(x, l), and that a worker wants to
maximize utility subjected to their budget constraint:

max
x,l

U(x, l)

s.t.x + w(d)l = I0 + w(d) − (tw(d) + m)d,
(1)
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in which x is consumption; l is leisure, I0 is non-labor income; t is the commute time for each unit of
commute distance; td is the round trip commute time; and m the is the monetary cost of each unit of
commute distance. The budget constraint can be rewritten as:

x = I0 + w(d) − (tw(d) + m)d−w(d)l. (2)

Putting the above specification into the utility function and maximizing the utility function:

Ul −Uxw = 0. (3)

The optimal values of x and l are then as follows:

x∗ = x(w(d), I0 + w(d) − (tw(d) + m)d), (4)

l∗ = l(w(d), I0 + w(d) − (tw(d) + m)d). (5)

We assume that all workers have the same utility level; differentiate with respect to distance (d)
and apply the envelope theorem:

wd =
tw + m

1− td− l
=

tw + m
n

, (6)

in which n = 1 − td − l is the labor supply. wd > 0 implies that higher wage compensates longer
commute distance or commute time.

First, the marginal effect of commute distance on labor supply is:

∂n
∂d

= −t− ∂l
∂d

, (7)

in which:
∂l
∂d =

(
∂lh
∂w − ∂l∂m l

)
wd +

∂l
∂m (wd − (tw + m) − tdwd)

= ∂lh
∂w wd + (1− td− l) ∂l∂m wd − ∂l∂m (tw + m)

= ∂lh
∂w wd +

∂l
∂m (nwd − (tw + m))

= ∂lh
∂w wd.

(8)

Note that the superscript “h” denotes Hicksian. Combining the two equations above, the marginal
effect of commute distance on labor supply will be:

∂n
∂d

= −t− ∂l
h

∂w
wd. (9)

According to economic theory, given the individual’s utility is unchanged, the increase of hourly
wage will substitute leisure time, that is, ∂l

h

∂w < 0. Considering also wd > 0, if the absolute value of ∂l
h

∂w or
wd is large enough, the commute distance will have a positive effect on labor supply, that is, ∂n∂d > 0.
Furthermore, given constant commute time per unit of commute distance, commute time increases
labor supply. However, if the absolute value of the product is not large enough, the commute distance
will decrease labor supply, that is, ∂n∂d < 0.

In addition, the change of commute time per unit of commute distance t can be understood as the
variation of transport condition in an urban area. Then, the marginal effect of transportation condition
on labor supply is given by:

∂n
∂t

= −d− ∂l
∂t

= −d +
∂l
∂I

dw = d
(
−1 +

∂l
∂I

w
)
, (10)
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in which I is used to denote the total income of a worker, that is, I0 + w(d) − (tw(d) + m)d ≡ I. Due to
the positive income effect, the increase of total income will increase the leisure time, that is, ∂l∂I > 0.
Under this specification, when ∂l∂I or w is large enough, the commute time per unit of commute distance
or the deterioration of transportation condition will have a positive effect on labor supply, that is,
∂n
∂t > 0. Therefore, commute time will have a positive effect on working hours given that commute
distance is held constant. Nevertheless, when the product of ∂l∂I and w is small, the deterioration of
transportation condition will then decrease labor supply.

To summarize, the derivation of theoretical model leads to the following propositions.

Proposition 1. The change of commute distance, such as induced by job change, has a positive effect on the
wage, but its effect on labor supply is uncertain.

Proposition 2. Better transportation conditions do not affect the wage, and its effect on labor supply is uncertain.

2.2. Data and Descriptive Statistics

The dataset adopted in this study was drawn from the China Health and Nutrition Survey (CHNS)
provided by the Chinese Center for Disease Control and Prevention and the Population Research
Center of the University of North Carolina in the USA. The first round was in 1989. The next eight
waves followed in 1991, 1993, 1997, 2000, 2004, 2006, 2009, and 2011. The study population is composed
of respondents from the provinces of Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu,
Liaoning, and Shandong in China. This sample is diverse, with variation found in a wide-ranging
set of socioeconomic factors, which include income, employment, education, and modernization and
other related health, nutritional and demographic measures. The detailed information on commute
time and other data at both individual and household levels make it ideal for examining the effect of
commute time on labor supply.

To take advantage of controlling individual-specific, time-invariant effects, attention was restricted
to a longitudinal subsample in the dataset. We further limited the sample to workers aged between 16
and 60 years who were surveyed in the urban areas. Note that urban areas in this paper include all
urban, suburban, and town communities in the CHNS. For the purpose of this study, we also limited
the sample to surveys after 2004 since CHNS only included questions on commute time for workers
from 2004. We defined three variables relating to labor supply in this study, that is, workhours per day,
workdays per week, and weekly workhours.

In line with the previous studies on labor supply, some variables reflecting socioeconomic and
demographic characteristics of the respondents were specified. As illustrated in numerous economics
studies, an individual’s status relating to smoking and chronic conditions is a signal of health and
affects that individual’s labor supply decision, and was thus included in the labor supply function.
In addition to health status, other demographic characteristics involved in the empirical analysis
included age, the number of children less than or equal to 6 years old, and the number of family
members in the household. In order to capture the wealth effect on labor supply, we also controlled
for family wealth in the regression. Family wealth included house value and values of appliances,
vehicles, machines, and equipment owned. Family income affects individual labor supply and thus
was also controlled in our analysis. Family income, in this study, was defined as household non-labor
income, other family members’ labor income, and housing subsidy, in which housing subsidy was
calculated by subtracting the annual rent the family pays from the annual fair market rent.

To correct the endogenous problem of individual commute time, we used the average commute
time in the city, which was constructed as the average of individual workers’ commute times in
the city, as the instrumental variable for individual commute time. To avoid the problem that city
characteristics may be potentially correlated with city average commute time and individual labor
supply, we controlled for city-level human capital, measured by city average education level, and the
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ratio of employment from the non-public sector, as a variable from the labor demand side. We further
controlled the fraction of workers changing job in the city to reflect the city labor market condition.

Finally, after excluding those observations with relevant missing information, a total sample of
1077 individuals and 2727 observations was retained. The descriptive statistics of commute time,
labor supply variables, and other important variables in 2004, 2006, 2009 and 2011 are presented in
Table 1.

Table 1. Descriptive statistics.

2004 2006

Mean S.D. Mean S.D.

Daily workhours 8.05 1.37 7.93 1.24
Workdays per week 5.51 0.82 5.43 0.85
Weekly workhours 44.56 11.75 43.30 10.93

Hourly wage 8.42 7.28 11.16 15.91
Commute time 29.17 25.00 34.04 25.86
Family wealth 85,218.59 223,544.99 68,030.82 179,556.20

Other family members’ income 67,335.48 51,489.82 71,479.22 57,398.39
Age 39.86 9.38 41.05 9.47

Cigarette 0.32 0.47 0.33 0.47
Number of children less than 6 years old 0.17 0.38 0.15 0.37

Number of family members 3.22 1.15 3.10 1.09
City job change rate 0.16 0.09 0.11 0.07

City average education 11.07 0.96 11.45 1.13
City non-public employment rate 0.29 0.15 0.37 0.13

City average commute time 29.17 6.15 34.04 7.29

N 604 693

2009 2011

Mean S.D. Mean S.D.

Daily workhours 8.02 1.47 8.11 1.37
Workdays per week 5.44 0.84 5.54 0.89
Weekly workhours 43.71 11.19 45.10 11.59

Hourly wage 13.90 13.75 15.54 17.93
Commute time 36.09 26.11 34.68 25.84
Family wealth 298,918.15 325,010.84 941,293.65 1,665,275.68

Other family members’ income 93,313.23 70,074.26 110,297.02 98,893.49
Age 41.86 9.53 42.74 9.10

Cigarette 0.34 0.47 0.34 0.47
Number of children less than 6 years old 0.16 0.40 0.14 0.37

Number of family members 3.21 1.23 3.27 1.27
City job change rate 0.15 0.08 0.14 0.08

City average education 11.29 1.24 11.24 1.22
City non-public employment rate 0.43 0.18 0.44 0.17

City average commute time 36.09 5.82 34.68 6.50

N 775 655

On average, round trip commute time increased from 29.17 min in 2004 to 36.09 min in 2009
and then decreased to 34.68 min in 2011. All three labor supply variables decreased in 2006 first and
then increased. For example, typical workers worked 8.05 h per day, 5.51 days per week, and 44.56 h
per week in 2004. In 2006, daily working hours decreased to 7.93, working days decreased to 5.43,
and weekly working hours also decreased. However, from 2009 to 2011, people worked longer per day,
more days per week, and also had higher weekly working hours.
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Family wealth and family income had a similar increasing trend. The proportion of smoking
people was consistently around 33% across different years. The number of children aged less than
6 years in the household was around 0.14–0.17 and the number of family members in the household
was around 3.2. The percentage of job changing workers ranged from 11% to 16%. Average years of
education in the city was around 11 years. The ratio of non-public employment increased from 29% in
2004 to 44% in 2011.

2.3. Empirical Methodology

In this paper, we aim to investigate the causal effect of commute time on labor supply, measured
by working hours per day, number of workdays per week, and weekly workhours. However, following
the standard labor supply literature, controlling commute time, hourly wage, and other variables
in regressions cannot provide a consistent estimator for such a causal effect, due to the following
two reasons.

First, commute time is endogenous, especially when residential location and work location can be
chosen by individual workers and such a decision is made based on the working hours. For example,
long workhours may cause workers to move to places closer to the work places. In this research,
worker’s residential location is assumed to be fixed in the longitudinal data. However, there are still
two factors accounting for the change of commute time, that is, the changes of work location and
transportation conditions in the city. As a result, the reverse causal effect of labor supply on work
location decision cannot be ruled out, resulting in the endogeneity problem. Nevertheless, since city
transportation conditions provide a good instrumental variable for commute time, we adopted the
average commute time in the city to measure the city transportation conditions. Note that as the
city average commute time is an aggregate variable, it can at least partially correct the endogeneity
of individual commute time. From this perspective, although the city average commute time is not
flawless, it might work as a valid instrumental variable to some extent.

Second, wages may also be endogenous. Given the residence location, workers can find jobs based
on job characteristics, such as daily workhours, number of workdays per week, total weekly workhours,
hourly wage, and commute time. Labor supply, wage, and commute time are simultaneously chosen.
In this research, as hourly wage was not the variable of interest, in order to avoid the endogeneity
problems, a totally reduced form was adopted first, and hourly wage was not included in the regression.
Hourly wage was included in a subsequent regression to perform a robustness check.

The basic regression form is:

log(Yit) = β0 + β1 log(Tit) + β2Xit + vi + μt + uit, (11)

in which Yit measures labor supply variables, that is, daily workhours, working days per week,
and weekly workhours; Tit is the round trip commute time; Xit are other time-varying independent
variables, controlling for individual, household, demographic, and city characteristics; vi is the
individual time-invariant unobserved heterogeneity; μt captures the year fixed effect; and uit is the
error term. β1 is the elasticity of labor supply with respect to commute time. The fixed effect is the
model that fit using the above equation.

The first-stage regression for commute time is:

log(Tit) = α0 + α1 log(Tj) + α2Xit + vi + μt + εit, (12)

in which Tj is the average commute time in city j where individual i lives, and εit is the error term.
We also applied a fixed effect model to the above equation.

Note that by using the modified Wald test and the Cumby–Huizinga test, we found that the
problems of heteroscedasticity and autocorrelation in the error terms exist. Therefore, in all regressions,
we adjusted standard errors by clustering around individuals.
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3. Results

3.1. First-Stage Results for Individual Commute Time

To validate the use of city average commute time as a good instrumental variable for individual
commute time, two conditions need to be checked. First, the city average commute time should have a
strong correlation with individual commute time. Second, the city average commute time should not
correlate with the error term in Equation (11).

Table 2 presents regression results when the dependent variable is individual commute time, and
independent variables are city average commute time and those which we controlled in the labor supply
regression. Column (1) of Table 2 shows that city average commute time, that is, city transportation
conditions, has a strong relationship with individual commute time. The elasticity is 0.875, which means
that a 1% increase in city average commute time will enhance individual commute time by 0.875%.
Controlling city level characteristics additionally, the correlation is still significant at the 1% level,
which is shown in column (2) of Table 2. In labor supply regressions in the second stage, hourly wage
was controlled. Thus, in order to show that city average commute time is still a good instrumental
variable, we controlled the hourly wage in the first stage and present results in column (3) of Table 2.
We find that there still exists a strong correlation between individual commute time and city average
commute time, given other independent variables and hourly wage.

Table 2. Effect of city average commute time on individual commute time.

VARIABLES
(1) (2) (3)

Dependent Variable: Log (Individual Commute Time)

Log (City average commute time) 0.875 *** 0.920 *** 0.920 ***
(0.131) (0.133) (0.133)

Log (Hourly wage) −0.0101
(0.0365)

Cigarette −0.0638 −0.0625 −0.0637
(0.0638) (0.0640) (0.0644)

Age 0.00844 0.0141 0.0148
(0.00920) (0.0107) (0.0109)

Number of children less than 6 years old 0.0864 0.0917 0.0924
(0.0626) (0.0626) (0.0627)

Number of family members 0.00289 0.00184 0.000963
(0.0291) (0.0291) (0.0295)

Log (Asset) −0.0126 −0.0121 −0.0120
(0.0123) (0.0123) (0.0123)

Log (Other family members’ income) 0.0553 ** 0.0550 ** 0.0580 **
(0.0272) (0.0273) (0.0289)

Stroke −0.864 * −0.859 * −0.856 *
(0.497) (0.499) (0.500)

Fracture −0.00158 −0.00491 −0.00422
(0.0771) (0.0768) (0.0769)

Blood pressure 0.153 * 0.152 * 0.150 *
(0.0860) (0.0867) (0.0863)

Diabetes 0.0934 0.0969 0.101
(0.165) (0.163) (0.163)

Myocardial infarction 0.713 0.672 0.670
(0.577) (0.600) (0.601)

City job change rate −0.107 −0.107
(0.238) (0.239)

City average education −0.00749 −0.00743
(0.0359) (0.0359)

City non-public employment rate −0.324 −0.324
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Table 2. Cont.

VARIABLES
(1) (2) (3)

Dependent Variable: Log (Individual Commute Time)

(0.204) (0.204)
Constant −0.686 −0.854 −0.893

(0.471) (0.580) (0.592)
Observations 2727 2727 2727

R-squared 0.652 0.653 0.653
Number of id 1077 1077 1077

Year FE YES YES YES
F value 44.907 47.978 47.923

Under-identification test 45.164 48.306 48.268
Partial R-squared between IV and

dependent variable 0.017 0.017 0.017

Note: Coefficients of year fixed effect are not reported; Standard errors adjusted for clustering around individuals
are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

Results in Table 2 support that there is a significantly positive correlation between city average
commute time and individual commute time. City average commute time reflects the transportation
conditions in the city. Individual commute time is the time workers spend between residential
location and work location, which should be affected by the city transportation conditions. A city with
high average commute time has poor transportation conditions, which increase the commute time
for commuters.

In addition, city average commute time is a macro condition in the city. Thus, it does not correlate
with the factors that affect an individual’s labor supply and appears in the error term in Equation (11).

Finally, in the last three rows of Table 2, we calculate the F value of the first-stage regression;
conduct the under-identification test; and calculate the partial R-squared between the instrumental
variable and the dependent variable. These tests can support the validity of city average commute
time as the instrumental variable.

3.2. Hourly Wage and Commute Time

Table 3 presents estimated results for the effect of commute time on hourly wage. The result of the
fixed effect model, shown in column (1) of Table 3, demonstrates that commute time does not have
a significant effect on wage. According to column (2) of Table 3, even when city average commute
time is adopted to correct the endogeneity problem of individual commute time, such an effect is still
insignificant. Because health status may have an effect on the worker’s productivity, in column (3)
we include several health conditions, including stroke, fracture, high blood pressure, diabetes, and
myocardial infarction. However, estimation results do not show a significant effect of commute time
on hourly wage, which is different from the findings in theoretical derivations.

In addition, cigarette smoking has a negative effect on hourly wage since smoking can impact
health and then reduce labor productivity. Even when more health variables are included in the
regression, the cigarette variable still has a significant and large negative effect on wage. The labor
market demand side variable measured by the ratio of non-public employment in the city, city human
capital level, and labor market conditions measured by job changed ratio in the city do not have a
significant effect on hourly wage.
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Table 3. Hourly wage regression results.

(1) (2) (3)

Dependent Variable: Log (Hourly Wage)
VARIABLES FE FE + 2SLS FE + 2SLS

Log (Commute time) 0.00423 −0.0475 −0.0544
(0.0193) (0.109) (0.109)

Cigarette −0.116 * −0.118 * −0.118 *
(0.0629) (0.0632) (0.0623)

Experience 0.00596 0.00471 0.00550
(0.0143) (0.0145) (0.0144)

Experience square −0.000398 * −0.000377 −0.000389 *
(0.000226) (0.000231) (0.000231)

City job change rate 0.0612 0.0779 0.0737
(0.169) (0.170) (0.171)

City average education 0.00455 0.00438 0.00613
(0.0271) (0.0272) (0.0274)

City non-public employment rate −0.0609 −0.0733 −0.0794
(0.160) (0.162) (0.159)

Stroke 0.280
(0.383)

Fracture 0.0449
(0.0424)

Blood pressure −0.179 **
(0.0761)

Diabetes 0.393 ***
(0.112)

Myocardial infarction −0.184 *
(0.109)

Constant 1.924 *** 2.101 *** 2.095 ***
(0.406) (0.577) (0.573)

Observations 2727 2727 2727
R-squared 0.766 0.766 0.769

Number of id 1077 1077 1077
Year FE YES YES YES

Note: Coefficients of year fixed effect are not reported; Standard errors adjusted for clustering around individuals
are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

3.3. Second-Stage Results for Daily Labor Supply

In the second stage, we studied how commute time affects labor supply, in which three
variables were used to measure labor supply, that is, daily workhours, workdays per week,
and weekly workhours.

The fixed effect model in column (1) of Table 4 shows that commute time has a positive relationship
with working hours per day. As commute time may be endogenous, in column (2) of Table 4, we adopt
city average commute time as an instrumental variable to correct the endogeneity problem. Result
shows that commute time insignificantly decreases daily workhours. The family income and asset
variables may be endogenous. Compared with column (2), we control the asset and other family
members’ income variables additionally in column (2). We find that the effect of commute time on
daily labor supply, that is, the coefficient of interest, changes little when we control these two variables.
Based on this result, although there might exist an endogeneity problem of the family income and
asset variables, given the very limited impacts on the magnitude and significance of the coefficient of
interest, the inclusion of asset and other family members’ income variables as control variables might
not be an important issue.
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Because commute time does not have any significant relationship with hourly wage, as shown in
Section 3.2, we can infer that in labor supply regressions controlling wage additionally will not change
the value and significance level of commute time. The regression result in column (4) supports this
claim. Since wage and labor supply are simultaneously determined in labor market, the endogeneity
problem in terms of hourly wage is still an issue. Column (5) in Table 4, in which the interaction term of
experience and age is adopted as an instrumental variable for hourly wage, shows that commute time
still has insignificant effect on daily workhours. An interesting result is the positive effect of the number
of cigarettes on daily labor supply. One possible explanation is that the cigarette variable represents
the workers’ occupations. For example, blue collar workers work more hours and are also more likely
to smoke. However, this explanation is rejected by the result that controlling occupations additionally
does not alter the value and significance level of the cigarette variable. A second explanation is that the
cigarette variable represents ambition and a smoking person has strong incentive to work.

Table 4. Effect of commute time on labor supply—daily workhours.

(1) (2) (3) (4) (5)

Dependent Variable: Log (Daily Workhours)

VARIABLES FE FE + 2SLS FE + 2SLS FE + 2SLS FE + 2SLS

Log (Commute time) 0.00259 −0.0306 −0.0332 −0.0332 −0.0333
(0.00675) (0.0377) (0.0377) (0.0364) (0.0418)

Log (Hourly wage) −0.138 *** 0.107
(0.0179) (0.194)

Cigarette 0.0555 ** 0.0538 ** 0.0529 ** 0.0366 * 0.0656 *
(0.0228) (0.0228) (0.0226) (0.0190) (0.0375)

Age −0.00118 −4.23 × 10−6 0.000773 0.0105 *** −0.00670
(0.00211) (0.00258) (0.00270) (0.00289) (0.0139)

Number of children less
than 6 years old −0.0441 *** −0.0419 ** −0.0408 ** −0.0312 * −0.0481 *

(0.0166) (0.0167) (0.0171) (0.0159) (0.0252)
Number of family

members −0.00443 −0.00383 −0.00479 −0.0168 ** 0.00448

(0.00748) (0.00756) (0.00761) (0.00745) (0.0186)
City job change rate 0.0330 0.0441 0.0452 0.0460 0.0445

(0.0618) (0.0630) (0.0629) (0.0602) (0.0695)
City average education 0.00170 0.00159 0.00114 0.00199 0.000485

(0.00997) (0.0100) (0.0101) (0.00971) (0.0112)
City non-public

employment rate −0.0271 −0.0346 −0.0354 −0.0443 −0.0286

(0.0597) (0.0624) (0.0625) (0.0573) (0.0716)
Log (Asset) −0.00276 −0.00119 −0.00397

(0.00328) (0.00309) (0.00447)
Log (Other family
members’ income) 0.00415 0.0443 *** −0.0268

(0.00919) (0.0111) (0.0581)
Constant 2.105 *** 2.162 *** 2.132 *** 1.609 *** 2.535 ***

(0.110) (0.129) (0.140) (0.154) (0.748)
Observations 2727 2727 2727 2727 2727

R-squared 0.563 0.563 0.563 0.615 0.563
Number of id 1077 1077 1077 1077 1077

Health conditions YES YES YES YES YES
Year FE YES YES YES YES YES

Note: Columns (2), (3), (4), and (5) adopt city average commute time as instrumental variable for individual
commute time; Column (5) additionally adopts the interaction term of experience and age as instrumental variable
for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors adjusted for
clustering around individuals are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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3.4. Second-Stage Results for Workdays per Week

The second measurement for labor supply is workdays per week. For workers’ daily labor supply,
commute time is fixed cost. However, for weekly labor supply, commute time is a variable cost.
Given total weekly workhours, workers can reduce workdays per week and increase daily labor supply
to minimize cost. Even when we relax the assumption that total weekly workhours are constant,
workers can still reduce cost by decreasing workdays.

Table 5 displays regression results for workdays per week. When city average commute time
is used as an instrumental variable to correct individual commute time’s endogeneity problem,
the coefficient of individual commute time changes from an insignificant positive effect to a significant
negative effect. Even when we control the family income and asset variables, such a result is still valid.
Controlling hourly wage additionally, the coefficient of commute time does not change. Adopting
the interaction term of experience and age to correct bias caused by the endogeneity of hourly wage,
the coefficient of commute time is still unchanged. To summarize, a 1% increase in commute time will
significantly decrease workdays per week by 0.0735%.

Table 5. Effect of commute time on labor supply—workdays per week.

(1) (2) (3) (4) (5)

Dependent Variable: Log (Workdays per Week)
VARIABLES FE FE + 2SLS FE + 2SLS FE + 2SLS FE + 2SLS

Log (Commute time) 0.00316 −0.0702 * −0.0735 * −0.0735 * −0.0735 *
(0.00606) (0.0407) (0.0416) (0.0395) (0.0410)

Log (Hourly wage) −0.123 *** −0.0208
(0.0162) (0.132)

Cigarette 0.0315 * 0.0277 0.0264 0.0118 0.0240
(0.0185) (0.0190) (0.0192) (0.0172) (0.0263)

Age −0.00210 0.000482 0.00132 0.00994 *** 0.00278
(0.00166) (0.00225) (0.00268) (0.00301) (0.0100)

Number of children less
than 6 years old 0.00778 0.0127 0.0146 0.0231 0.0161

(0.0151) (0.0165) (0.0170) (0.0166) (0.0189)
Number of family

members −0.00475 −0.00343 −0.00536 −0.0161 ** −0.00717

(0.00694) (0.00721) (0.00749) (0.00762) (0.0135)
City job change rate −0.00852 0.0161 0.0172 0.0180 0.0173

(0.0562) (0.0597) (0.0602) (0.0563) (0.0591)
City average education −0.00858 −0.00882 −0.00951 −0.00875 −0.00938

(0.0101) (0.0106) (0.0106) (0.00993) (0.0106)
City non-public

employment rate 0.0670 0.0503 0.0494 0.0415 0.0480

(0.0517) (0.0536) (0.0539) (0.0499) (0.0533)
Log (Asset) −0.00379 −0.00239 −0.00355

(0.00301) (0.00279) (0.00319)
Log (Other family
members’ income) 0.00818 0.0439 *** 0.0142

(0.00799) (0.00987) (0.0401)
Constant 1.844 *** 1.970 *** 1.912 *** 1.447 *** 1.833 ***

(0.117) (0.141) (0.141) (0.132) (0.528)
Observations 2727 2727 2727 2727 2727

R-squared 0.563 0.568 0.568 0.625 0.568
Number of id 1077 1077 1077 1077 1077

Health conditions YES YES YES YES YES
Year FE YES YES YES YES YES

Note: Columns (2), (3), (4), and (5) adopt city average commute time as an instrumental variable for individual
commute time; Column (5) additionally adopts the interaction term of experience and age as an instrumental
variable for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors
adjusted for clustering around individuals are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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3.5. Second-Stage Results for Weekly Workhours

Weekly workhours are defined as the product of daily workhours and workdays per week. As we
took the logarithm in three dependent variables in terms of labor supply, the coefficients in weekly
workhours regression are equal to the sum of coefficients in the daily workhours and workdays per
week regressions.

According to Table 6, the elasticity of weekly workhours with respect to commute time is −0.107.
This means that when individual commute time increases 1%, workers will work 0.107% less hours in
a week. The cigarette variable has a positive effect on weekly workhours. Family income and asset
variables have insignificant effects on weekly workhours. Controlling these two variables additionally
does not alter the value and significance level of individual commute time. City characteristics, that is,
city average education attainment, employment change ratio, and non-public employment rate, do not
have effects on individual weekly workhours. Even by adopting the interaction term of experience
and age as an instrumental variable to correct the hourly wage’s endogeneity problem, such a causal
effect does not change.

Table 6. Effect of commute time on labor supply—weekly workhours.

(1) (2) (3) (4) (5)

Dependent Variable: Log (Weekly Workhours)
VARIABLES FE FE+2SLS FE+2SLS FE+2SLS FE+2SLS

Log (Commute time) 0.00575 −0.101 * −0.107 * −0.107 ** −0.107 *
(0.00937) (0.0574) (0.0585) (0.0537) (0.0624)

Log (Hourly wage) −0.261 *** 0.0858
(0.0243) (0.249)

Cigarette 0.0871 *** 0.0815 *** 0.0794 ** 0.0484 ** 0.0896 *
(0.0307) (0.0310) (0.0309) (0.0237) (0.0475)

Age −0.00328 0.000477 0.00209 0.0204 *** −0.00392
(0.00273) (0.00348) (0.00399) (0.00418) (0.0181)

Number of children less
than 6 years old −0.0363 * −0.0291 −0.0261 −0.00802 −0.0321

(0.0217) (0.0233) (0.0239) (0.0215) (0.0320)
Number of family

members −0.00918 −0.00725 −0.0101 −0.0329 *** −0.00269

(0.0108) (0.0113) (0.0114) (0.0107) (0.0246)
City job change rate 0.0245 0.0602 0.0623 0.0640 0.0618

(0.0873) (0.0903) (0.0908) (0.0818) (0.0973)
City average education −0.00688 −0.00723 −0.00837 −0.00677 −0.00890

(0.0146) (0.0152) (0.0153) (0.0138) (0.0166)
City non-public

employment rate 0.0399 0.0157 0.0140 −0.00286 0.0195

(0.0807) (0.0867) (0.0870) (0.0740) (0.0957)
Log (Asset) −0.00655 −0.00358 −0.00753

(0.00474) (0.00421) (0.00583)
Log (Other family
members’ income) 0.0123 0.0882*** −0.0126

(0.0125) (0.0148) (0.0741)
Constant 3.950 *** 4.132 *** 4.043 *** 3.056 *** 4.368 ***

(0.167) (0.201) (0.212) (0.210) (0.977)
Observations 2727 2727 2727 2727 2727

R-squared 0.568 0.577 0.578 0.676 0.578
Number of id 1077 1077 1077 1077 1077

Health conditions YES YES YES YES YES
Year FE YES YES YES YES YES

Note: Columns (2), (3), (4), and (5) adopt city average commute time as an instrumental variable for individual
commute time; Column (5) additionally adopts the interaction term of experience and age as an instrumental
variable for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors
adjusted for clustering around individuals are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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3.6. Additional Results: Job Changed and Unchanged Workers

There are three possibilities that can explain workers reporting a change in commute time.
The first possibility is the change of residential or work locations. In the CHNS subsample we selected,
residential location was fixed. Therefore, a change of work location will alter commute time. The second
is the change of transportation conditions in the city. Better transportation conditions reduce individual
commute time. Third, commute time is self-reported and may thus vary due to measurement errors.

We separated the data based on whether respondents changed their jobs since the previous survey.
When individuals find new jobs, they can simultaneously choose their work location, wage, and
commute time to maximize their utility. Proposition 1 proposes theoretically that, for individuals who
change jobs, longer commute time will be compensated by a higher wage. For individuals who do not
change jobs, there is no causal relationship between wage and commute time. In both cases, commute
time can have positive or negative effects on labor supply.

Table 7 shows the labor supply and wage regression results for the subsample of job changed
workers. Table 8 presents results for job unchanged workers.

Table 7. Labor supply and wage for job changed workers.

VARIABLES

(1) (2) (3) (4)
Log (Daily Log (Workdays Log (Weekly Log (Hourly

Workhours) per Week) Workhours) Wage)

Log (Commute time) −0.0544 −0.243 * −0.298 0.234
(0.160) (0.127) (0.242) (0.328)

Cigarette 0.0119 −0.0625 −0.0506 −0.0442
(0.0863) (0.0891) (0.156) (0.250)

Age −0.00751 −0.00560 −0.0131
(0.00875) (0.0107) (0.0165)

Number of children less
than 6 years old −0.0771 −0.0758 −0.153

(0.0853) (0.0601) (0.117)
Number of family members −0.0336 0.0412 0.00756

(0.0310) (0.0341) (0.0501)
Log (Asset) 0.00228 −0.000458 0.00183

(0.0160) (0.0140) (0.0234)
Log (Other family members’

incomes) −0.0459 0.0395 −0.00635

(0.0391) (0.0379) (0.0629)
City job change rate −0.172 −0.145 −0.317 0.949

(0.313) (0.354) (0.529) (0.820)
City average education −0.0153 −0.0677 −0.0830 0.0627

(0.0414) (0.0486) (0.0728) (0.128)
City non-public

employment rate 0.163 0.399 0.562 −0.394

(0.256) (0.261) (0.453) (0.497)
Experience 0.0790

(0.0569)
Experience square −0.00127

(0.000825)
Constant 3.288 *** 2.776 *** 6.065 *** −0.664

(0.765) (0.871) (1.284) (2.562)
Observations 296 296 296 296

R-squared 0.695 0.607 0.643 0.761
Number of id 139 139 139 139

Health conditions YES YES YES YES
Year FE YES YES YES YES

Note: Columns (1), (2), (3), and (4) adopt city average commute time as an instrumental variable for individual
commute time; Column (4) additionally adopts the interaction term of experience and age as an instrumental
variable for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors
adjusted for clustering around individuals are in parentheses; *** p < 0.01, ** p <0.05, * p < 0.1.
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Commute time has a positive effect on hourly wage for job changed workers. However, this effect
is insignificant. In contrast, commute time has an insignificant negative effect on the hourly wage for
job unchanged workers.

For individuals who change jobs, commute time decreases daily workhours and weekly workhours
insignificantly, while it significantly decreases workdays per week. Furthermore, the effects are larger
than those in the full sample. For example, in the full sample, the elasticity for workdays per week is
−0.0735, while it is −0.243 for the job changed subsample.

For individuals who do not change job, individual commute time is insignificant in four regressions
and the absolute values are also less than those in the subsample of job changed workers.

Table 8. Labor supply and wage for job unchanged workers.

(1) (2) (3) (4)
Log (Daily Log (Workdays Log (Weekly Log (Hourly

VARIABLES Workhours) Per Week) Workhours) Wage)

Log (Commute time) −0.0140 −0.0465 −0.0605 −0.0713
(0.0352) (0.0444) (0.0564) (0.112)

Cigarette 0.0620 *** 0.0340 * 0.0960 *** −0.122 *
(0.0238) (0.0183) (0.0290) (0.0648)

Age 0.000842 −9.73 × 10−5 0.000745
(0.00283) (0.00294) (0.00405)

Number of children less
than 6 years old −0.0334 ** 0.0187 −0.0147

(0.0148) (0.0183) (0.0218)
Number of family members −0.00210 −0.0131 * −0.0152

(0.00740) (0.00697) (0.0107)
Log (Asset) −0.00175 −0.00330 −0.00505

(0.00326) (0.00308) (0.00468)
Log (Other family members’

incomes) 0.00751 0.00588 0.0134

(0.00959) (0.00787) (0.0125)
City job change rate 0.0721 0.00565 0.0778 0.0573

(0.0624) (0.0604) (0.0893) (0.175)
City average education 0.000592 −0.00572 −0.00513 0.00260

(0.0100) (0.0109) (0.0151) (0.0288)
City non-public

employment rate −0.0681 0.0374 −0.0307 −0.0813

(0.0640) (0.0548) (0.0868) (0.170)
Experience 0.00261

(0.0153)
Experience square −0.000370

(0.000249)
Constant 2.017 *** 1.884 *** 3.901 *** 2.275 ***

(0.130) (0.139) (0.196) (0.578)
Observations 2492 2492 2492 2492

R-squared 0.570 0.578 0.591 0.773
Number of id 990 990 990 990

Health conditions YES YES YES YES
Year FE YES YES YES YES

Note: Columns (1), (2), (3), and (4) adopt city average commute time as an instrumental variable for individual
commute time; Column (4) additionally adopts the interaction term of experience and age as an instrumental
variable for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors
adjusted for clustering around individuals are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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3.7. Additional Results: Male and Female Workers

Since females do more household work than males in China, commute time may have
heterogeneous effects on labor supply for males and females. Tables 9 and 10 show results for
job changed and unchanged workers, respectively, in which the interaction term of commute time and
female dummy is controlled. Since this interaction term has an endogeneity problem, the interaction
term of city average commute time and female dummy is used as an instrumental variable. Both tables
show that gender does not play a role in the effect of commute time on labor supply.

Table 9. Labor supply and wage for job changed workers based on gender.

(1) (2) (3) (4)
Log (Daily Log (Workdays Log (Weekly Log (Hourly

VARIABLES Workhours) per Week) Workhours) Wage)

Log (Commute time) ×
Female dummy 0.00278 0.0183 0.0210 0.138

(0.170) (0.179) (0.293) (0.381)
Log (Commute time) −0.0559 −0.253 −0.309 0.158

(0.202) (0.169) (0.320) (0.435)
Cigarette 0.0113 −0.0666 −0.0553 −0.0713

(0.103) (0.103) (0.182) (0.269)
Age −0.00756 −0.00591 −0.0135

(0.00922) (0.0113) (0.0178)
Number of children less

than 6 years old −0.0769 −0.0745 −0.151

(0.0829) (0.0621) (0.118)
Number of family members −0.0337 0.0410 0.00728

(0.0314) (0.0338) (0.0506)
Log (Asset) 0.00233 −0.000140 0.00219

(0.0167) (0.0152) (0.0246)
Log (Other family members’

incomes) −0.0455 0.0421 −0.00336

(0.0450) (0.0465) (0.0751)
City job change rate −0.172 −0.141 −0.313 0.979

(0.308) (0.353) (0.523) (0.823)
City average education −0.0153 −0.0678 −0.0831 0.0628

(0.0415) (0.0489) (0.0731) (0.127)
City non-public

employment rate 0.163 0.399 0.562 −0.388

(0.257) (0.261) (0.453) (0.500)
Experience 0.0708

(0.0657)
Experience square −0.00117

(0.000921)
Constant 3.286 *** 2.760 *** 6.046 *** −0.530

(0.752) (0.870) (1.259) (2.707)
Observations 296 296 296 296

R-squared 0.695 0.607 0.643 0.761
Number of id 139 139 139 139

Health conditions YES YES YES YES
Year FE YES YES YES YES

Note: Columns (1), (2), (3), and (4) adopt city average commute time as an instrumental variable for individual
commute time; Column (4) additionally adopts the interaction term of experience and age as an instrumental
variable for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors
adjusted for clustering around individuals are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
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Table 10. Labor supply and wage for job unchanged workers based on gender.

(1) (2) (3) (4)
Log (Daily Log (Workdays Log (Weekly Log (Hourly

VARIABLES Workhours) per Week) Workhours) Wage)

Log (Commute time) ×
Female dummy −0.0396 0.0175 −0.0220 0.0187

(0.0563) (0.0511) (0.0803) (0.164)
Log (Commute time) 0.00438 −0.0547 −0.0503 −0.0799

(0.0462) (0.0590) (0.0730) (0.144)
Cigarette 0.0617 *** 0.0341 * 0.0958 *** −0.122 *

(0.0238) (0.0183) (0.0290) (0.0648)
Age 0.000704 −3.61 × 10−5 0.000668

(0.00289) (0.00299) (0.00413)
Number of children less

than 6 years old −0.0347 ** 0.0193 −0.0154

(0.0150) (0.0187) (0.0222)
Number of family members −0.00285 −0.0128 * −0.0156

(0.00752) (0.00706) (0.0109)
Log (Asset) −0.00167 −0.00334 −0.00500

(0.00329) (0.00310) (0.00472)
Log (Other family members’

incomes) 0.00763 0.00583 0.0135

(0.00960) (0.00783) (0.0125)
City job change rate 0.0654 0.00865 0.0740 0.0604

(0.0647) (0.0608) (0.0906) (0.178)
City average education 0.000185 −0.00554 −0.00535 0.00274

(0.00999) (0.0110) (0.0151) (0.0289)
City non-public

employment rate −0.0679 0.0373 −0.0306 −0.0812

(0.0643) (0.0549) (0.0869) (0.170)
Experience 0.00239

(0.0154)
Experience square −0.000369

(0.000249)
Constant 2.023 *** 1.881 *** 3.905 *** 2.279 ***

(0.130) (0.139) (0.196) (0.580)
Observations 2492 2492 2492 2492

R-squared 0.570 0.578 0.591 0.773
Number of id 990 990 990 990

Health conditions YES YES YES YES
Year FE YES YES YES YES

Note: Columns (1), (2), (3), and (4) adopt city average commute time as an instrumental variable for individual
commute time; Column (4) additionally adopts the interaction term of experience and age as an instrumental
variable for hourly wage; Coefficients of year fixed effect and health conditions are not reported; Standard errors
adjusted for clustering around individuals are in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.

4. Discussions

One of the main findings of this paper is that commute time does not have significant effect on
daily workhours but significantly reduces workdays per week and weekly workhours. This result is
different from findings in Germany and Spain, in which commute time significantly increases daily
workhours. In addition, our results also differ from the findings in Germany that show commute time
slightly increases weekly workhours but does not affect the number of workdays.

One reason for the different patterns might relate to the methodology. The study for Germany
considers an employer-induced change in workplace location and thus uses an exogeneous individual
commute time. In the study for Spain, the endogeneity of individual commute time is corrected by
using the prices of an individual’s house. Given the availability of the data, in this paper, we use
the city average commute time as the instrumental variable to correct the endogeneity. Although
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we employ a distinct methodology compared with the studies for Germany and Spain, given the
discussion on the instrumental variable in this paper, our methodology is valid and effective for the
understanding of the causal effect of commute time. Consequently, the different methodologies might
not be the main reason for the heterogeneous effects of commute time on daily labor supply found in
Germany, Spain, and China.

Another reason might be the different degrees of competition intensity among workers in the labor
market. In Germany and Spain, the competition intensity among workers is relatively low compared
to China. In such circumstances, workers might have stronger bargaining power and accordingly
have the possibility to discuss the number of working hours when they sign a working contract with
employers. If workers have to suffer a longer commute time, they may choose to work longer in a
working day and work fewer days in a week in order to lower the total cost of the commute time
in a week. In this scenario, the longer commute time may increase the daily workhours, which is
the case in Germany and Spain. However, the competition among workers is more intense in China
than Germany and Spain. Workers in China have very limited bargaining power and have to follow
job requirements strictly according to the willingness of employers. Thus, we may observe in China
that a longer commute time of workers does not significantly affect the daily workhours. In addition,
as workers have more flexibility in choosing a job with the desired number of working days in China,
a longer commute time may decrease the number of working days in a week and hence the number of
weekly workhours.

According to our preliminary insights about how commute time affects labor supply in urban
China, we can identify the following policy implications for the promotion of active commuting.
In Germany and Spain, as an increase in commute time has positive effects on labor supply, the
economic consequences of active commuting will not be a big issue. However, as the weekly labor
supply will be reduced by a longer commute time in urban China, the promotion of active commuting
might be detrimental to the economic development to some extent. Therefore, local governments in
China should invest more in transportation infrastructure, for instance, building more exclusive bike
lanes and sidewalks. In this way, better infrastructure can not only encourage people to choose active
commuting, but also shorten the commute time effectively and mitigate the potential adverse effects of
active commuting.

Further, because we observe that the negative effect of commute time is particularly strong and
significant for job changed workers, it might be more efficient to give priority to the infrastructure
investments mentioned above in urban areas where house rental is more active.

5. Conclusions

This paper investigates the impact of commute time on labor supply in urban China and discusses
the implications for the promotion of active commuting. Based on the CHNS panel data, we measure
labor supply by daily workhours, workdays per week, and weekly workhours, using the analytical
framework of combining a fixed effect model and instrumental variables. The main findings can be
summarized as follows.

First, in contrast with existing empirical evidence from Germany and Spain, the effect of commute
time on daily labor supply is insignificant in urban China. Furthermore, commute time decreases
workdays per week and weekly workhours. These distinct patterns might closely relate to the different
degrees of competition intensity among workers in labor markets. Second, commute time does not
have a significant effect on labor supply for job unchanged workers, while the effect of commute time
on workdays per week is large and statistically significant for job changed workers. Since job changed
workers can choose a new job with different job characteristics, commute time will have a strong effect.
Third, there is no statistically significant difference in the effects of commute time on labor supply
between males and females. In addition, smoking is found to have a negative effect on hourly wage
and positive effects on daily and weekly workhours. The former may relate to the fact that smoking
can impact health and then reduce labor productivity, while the latter may relate to the possibility that
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smoking represents ambition and a smoking person has a strong incentive to work. Finally, policy
implications for promoting active commuting are discussed.
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Abstract: Pedelecs (e-bikes with electrical support up to 25 km·h−1) are important in active
transportation. Yet, little is known about physiological responses during their everyday use.
We compared daily pedelec (P) and bicycle (B) use to determine if pedelecs are a suitable tool to
enhance physical activity. In 101 employees, cycling duration and intensity, heart rate (HR) during
P and B were recorded via a smartphone app. Each recording period was a randomized crossover
design and lasted two weeks. The ride quantity was higher in P compared to B (5.3 ± 4.3 vs. 3.2 ± 4.0
rides·wk−1; p < 0.001) resulting in a higher total cycling time per week for P (174 ± 146 min·wk−1)
compared to B (99 ± 109 min·wk−1; p < 0.001). The mean HR during P was lower than B (109 ± 14
vs. 118 ± 17 bpm; p < 0.001). The perceived exertion was lower in P (11.7 ± 1.8 vs. 12.8 ± 2.1 in B;
p < 0.001). The weekly energy expenditure was higher during P than B (717 ± 652 vs. 486 ± 557
metabolic equivalents of the task [MET]·min·wk−1; p < 0.01). Due to a sufficient HR increase in P,
pedelecs offer a more active form of transportation to enhance physical activity.

Keywords: active transportation; heart rate; pedelec; e-bike; cycling

1. Introduction

Insufficient physical activity and sedentary behavior are major risk factors for death from
cardiovascular diseases, cancer, and diabetes worldwide [1]. The positive effects of physical activity
have prompted leading health organizations to create activity guidelines to benefit health. However,
globally, 25% of adults do not meet recommendations for physical activity [1]. Physical activity is
important for all ages and should be integrated into daily life; for example, the workplace is a key
setting where sedentary behavior can be reduced [2]. As active forms of transportation and commuting
become more popular, a trip to and from the workplace offers the potential for increased productivity
and a reduction in injuries and absenteeism [3,4]. The American College of Sports Medicine (ACSM)
guidelines include cardiorespiratory exercise training of ≥150 min·wk−1 moderate-intensity (64–76%
of maximum heart rate (HRmax), or 3–5.9 MET) or ≥75 min·wk−1 vigorous-intensity (77–95% HRmax or
6–8.7 MET), or a combination of both, respectively [5].

In the course last decade, there has been a great deal of technological progress in the bicycle
market with an increased number of pedelecs [6]. The number of pedelecs sold in Germany has steadily
increased in recent years. In 2017, there were 720,000; in 2018, that number reached 980,000, which
is an increase of 36% compared to the previous year [7]. Pedelecs are bicycles with electrical motor
supports that can be gradually added. The motor is only active as long as the rider pedals, supporting
a speed up to 25 km/h−1. At higher speeds, the work has to be done by the rider alone. The assumed
advantages of a pedelec vs. a normal bicycle are shorter travel times, longer travel distances, and
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a higher number of trips. For longer commuting distances, challenging weather conditions, or the
transportation of heavy loads, pedelecs are becoming increasingly popular [8,9].

However, current knowledge about the positive health effects of pedelecs usage remains sparse.
Questionnaire studies show that pedelec trip distances were significantly longer compared with
bicycles, but that physical activity levels were similar. This suggests that pedelec users may compensate
for the lower exertion per kilometer by traveling for longer distances [10,11].

The physiological response of pedelec use in experimental studies shows increasing physical
fitness, meeting physical activity recommendations determined by questionnaires, and in a laboratory
setting for pedelec use [12]. Our goal is, however, to measure the physiological adjustments in
everyday use.

We hypothesize that pedelec usage produces similar health-promoting effects compared with
adult employees’ bicycle usage. Therefore, pedelecs are a suitable tool to enhance physical activity.
Thus, the primary outcome was the total pedelec ride time minutes per week and the achieved heart
rate, compared to bicycle rides.

Furthermore, we aimed to compare the results to ACSM guidelines for physical activities [5].

2. Materials and Methods

2.1. Study Design

The study was planned as an observational crossover study. To address the two different
workplace settings of blue and white-collar workers, four different companies from Hanover, Germany,
were chosen for the study. The employees were informed about the study via intranet, mail, and
posters. Informative registration events were organized in the companies for interested employees.
One hundred and nineteen volunteers were recruited. 101 (47 females, 54 males, age 43 ± 11 years,
weight 82 ± 17 kg, for further details, see Table 1) were included in the study and met the following
inclusion criteria: male and female workers between the ages of 18 and 65. Eighteen subjects were
disqualified based on our exclusion criteria: diabetes, tumor diseases, coronary heart disease or arterial
occlusive disease, unadjusted hypertension, an operation in the last eight weeks, a joint replacement six
months prior to the study or suffering from other severe conditions counter indicating physical exercise.
All participants were informed of the risks involved in this study and gave written informed consent
prior to participation. The study protocol was approved by the ethics committee of Hannover Medical
School (No. 6901-2015). The study was conducted in accordance with the Declaration of Helsinki.

Table 1. General subject information (n = 101). S1 and S2 display sequence association of S1: bicycle
first vs. S2: pedelec first.

All
Mean ± SD

S1 Bicycle First
Mean ± SD

S2 Pedelec First
Mean ± SD

S1 vs. S2
p-Value

Gender (men/female) 54/47 27/24 27/23 0.915
Age (years) 43 ± 11 44 ± 12 42 ± 11 0.369
Height (cm) 174 ± 9 173 ± 9 175 ± 10 0.370

Bodyweight (kg) 82 ± 17 84 ± 19 81 ± 15 0.469
Body mass index (kg·m−2) 27.0 ± 4.8 27.6 ± 5.0 26.5 ± 4.4 0.218

Fat mass (%) 27 ± 9 28 ± 9 26 ± 9 0.381
Maximum Power output (W·kg−1) 2.6 ± 0.6 2.6 ± 0.7 2.6 ± 0.6 0.618

VO2 peak (mL·kg−1·min−1) 32 ± 8 32 ± 8 33 ± 8 0.674

VO2 peak = Peak oxygen consumption.

2.2. Preliminary Physiological Testing

Before starting the study, all subjects visited the laboratory to undergo a brief physical examination
by a physician. Additionally, body weight and body fat were determined using a direct-segmental
multi-frequency bio-impedance scale (Inbody720, Biospace, Seoul, Korea). Height was measured using
a stadiometer, and body weight was determined using a calibrated scale (Seca 764, seca GmbH & Co.

162



IJERPH 2020, 17, 4807

KG, Hamburg, Germany). Body Mass Index (BMI) was calculated as the ratio of weight (in kg)/squared
standing height (m2). Participants performed a graded exercise test on a cycle ergometer (Ergoselect
200, ergoline, Bitz, Germany). The test started at a workload of 20 W (for women) or 50 W (for men)
for one minute and increased by 16.6 W every minute. Participants cycled until volitional exhaustion.
Throughout the test, heart rate (HR) was recorded using a 12-channel-electrocardiogram (CardioSoft,
GE Healthcare, Boston, USA) and respiratory gas exchange was measured breath-by-breath using
an indirect calorimetry system (Masterscreen CPX, Becton Dickinson, Franklin Lakes, USA) HR and
respiratory exchange values were averaged every 30 s. Peak oxygen consumption and maximum heart
rate (HRmax) was determined as the highest 30 s average during the exercise test.

2.3. Flow Protocol and Randomization

The observational flow protocol is displayed in Figure 1. All subjects were randomly assigned to
two-week pedelec or bicycle use in a randomized crossover design. Participants were randomized in
every company 1:1 into the two groups (sequence 1 or sequence 2) using a previously computer-based
list of random numbers generated by a collaborator. Detailed information on the sequences pictured in
Figure 1. The participants were informed about the group assignment, due to the nature of the used
hardware (especially the pedelec motor) blinding was impossible.

Figure 1. Flow chart of the study. Note the crossover design of sequences enabling each participant to
be included in both groups, pedelec test group (P) and bicycle control group (B).

According to the participants’ preferences, subjects were equipped with different pedelec models
(city, trekking, mountain, carrier bikes). To eliminate the effect of curiosity, a two-week familiarization
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period with pedelecs was conducted before the recording period with the pedelec. To ensure that
pedelec use did not have any effects on bicycle use, all subjects who started with the pedelec had a two
weeks washout phase without pedelec before activities with the bicycle were recorded (Figure 1).

2.4. Trip Documentation via Monitoring Tools

Subjects recorded HR, duration, and perceived exertion of cycling digitally and in paper form
during both observation periods. HR and Borg-scale were recorded via a smartphone app and a chest
strap (Polar H7 Bluetooth smart, Polar, Kempele, Finland). The app was exclusively developed for this
study (Inside m2m GmbH, Garbsen, Germany). Furthermore, an activity monitor (ActiGraph GT9X
Link, Actigraph, Pensacola, FL, USA) was worn for assessing daily activity. The data were recorded
via the app and transferred directly to an MHH database and saved on an internal university server.
To detect changes in daily physical activity, participants were instructed to wear an activity monitor for
the whole day during both periods. Activity monitor data were recorded in 1-min epochs. A wear time
validation algorithm was used [13] and physical activity intensity was divided into two categories
by a cut-off value of 1951 counts: sedentary to light (≤1951 counts) and moderate to very vigorous
(≥1952 counts) [14]. The activity monitor had to be worn for ≥10 h day−1 to be considered a valid wear
day [15]. Only subjects with ≥7 valid wear days in both observation periods were included in activity
monitor analysis.

2.5. Measured Parameters

The duration of physical activity was recorded in one-minute intervals. Rating of perceived
exertion (RPE) was given on the basis of the Borg-scale [16]. HR for a trip was calculated as average
(without zeroes) over the duration of the trip. If more than 50% of the HR data were missing for a
single trip, the trip was not taken into account for HR analysis. In 88 pedelec users (87%) and 62 bicycle
users (61%), data sets were fully received.

2.6. Intensity Calculation

Regularly, MET calculation is based on oxygen consumption (VO2) during individuals’ exercise
testing. During daily biking, we were not able to directly measure VO2. Thus, we calculated MET
based on HR and VO2 derived from data of the graded exercise test. To estimate V02 (mL/min/kg) for a
given heart rate, the following equation was calculated using linear regression:

V02 = 0.23 × HR − 1.72(sex) + 0.05(age) − 8.63 (1)

with the factor 1 for men (sex = 1) and factor 2 for women (sex = 2). Therefrom exercise intensity in
MET was calculated by dividing VO2 with 3.5 mL/min/kg (equals 1 MET).

2.7. Statistical Analysis

Following a Kolmogorov–Smirnov test to verify normal distribution of the data, a student’s
paired t-test was performed to analyze differences between P and B. The differences in intensity for all
rides classified by %HRmax were analyzed with an unpaired student’s t-test. Values are presented as
mean ± standard deviation (SD). An alpha of p < 0.05 was considered to be statistically significant.
All analyses were carried out with the SPSS software package for Windows® (Version 24, IBM Corp.,
Armonk, NY, USA).

3. Results

3.1. Trip Documentation/Monitoring

Randomized sequencing did not affect ride time. Pedelec ride time, as well as bicycle ride time,
did not show significant differences Pedelec time Sequence (S1 vs. S2: p = 0.26, bicycle time S1 vs. S2:

164



IJERPH 2020, 17, 4807

p = 0.31). Total ride time was 35 ± 61% lower in B than in P (p > 0.001; Figure 2, Table 2). The number
of trips was higher with P than B (5.3 ± 4.3 to 3.2 ± 4.0 trips·wk−1) (p < 0.001). Average trip duration
did not differ between P and B (37.5 ± 23.5 to 40.3 ± 27.8 min/trip) (p = 0.45). During the two-week
observation periods, 91% of the subjects used the provided pedelec and 69% used their own bicycle.

 
Figure 2. (A) Total ride time; (B) single trip intensity; (C) weekly metabolic rate; (D) mean intensity
classified by %HRmax; P—light grey: During pedelec use; B—dark grey: Bicycle use; The solid line
shows the minimum requirements for moderate-intensity exercise as recommended by the ACSM;
Significant differences between activity types (p < 0.05) are marked with a *.

Table 2. Further results.

P
Mean ± SD

B
Mean ± SD

p-Value

Number of trips (wk−1) 5.3 ± 4.3 3.2 ± 4.0 p < 0.001
Trip duration (min) 37.5 ± 23.5 40.3 ± 27.8 p = 0.45

Total ride time
(min·wk−1) 174 ± 146 99 ± 109 p < 0.001

The distance from the participant’s home to their work was divided as follows: 1–3 km 7%,
>3–5 km 13%, >5–10 km 15%, >10 km 18%, >20 km 31%, >50 km 16%.

Daily activity monitor wear time did not differ between the two observation periods (P 856± 72 min,
B 864 ± 62 min, p = 0.28).
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3.2. Measured Parameters

Daily activity time in the category sedentary to light did not show significant differences between
the observation periods (P 805 ± 79 min, B 810 ± 77 min, p = 0.63) nor did moderate to vigorous activity
(P 50.9 ± 35.0 min, B 54.3 ± 47.7 min, p = 0.50).

Mean HR was 8 ± 13% lower during P than B (109 ± 14 vs., p < 0.001) 118 ± 17 bpm. In both
groups, %HRmax was in the range of ACSM recommendations [9] for both (Figure 2, Table 2).

Subjects perceived exertion was lower during P than during B (Borg-scale: 11.7 ± 1.8 to 12.8 ± 2.1,
n = 70) (p < 0.001).

3.3. Calculated Intensity

Metabolic rate calculated from absolute HR during rides was lower in P than B, but sufficient
to meet ACSM recommendations [9] for moderate-intensity in both (Figure 2). Energy expenditure
expressed as the weekly metabolic rate was higher during P than during B (p < 0.01), meeting ACSM
recommendations [9] in P but not in B (Figure 2, Table 2).

4. Discussion

Pedelec use requires similar physical effort as bicycle use, and therefore it is a suitable
tool to enhance health-promoting physical activity. B achieved 35% less total time than P with
99 ± 109 min·wk−1. When riding P, the HF was only 8% lower than during B at 109 ± 14 bpm.

While both groups met ACSM criteria for moderate activity with respect to mean HR, total ride
time was significantly less in B without achieving the recommended activity time of 150 min·wk−1.

However, taking MET and MET- min·wk−1 into account, our data clearly support that even
though P usage is less exhausting than B (as described by lower MET) in our population, the total
MET minutes per week were even higher in P as compared to B.

The results of our study suggest that pedelecs are used more often than normal bicycles in
everyday use when no usage specifications are made. Similar observations have been made by Fyhri
and Fearnley, who showed an increase of trips with the pedelec compared to the bicycle [17]. However,
while more trips were executed, the average duration per trip showed no significant difference. We,
therefore, assume that the participants mainly used the pedelecs for the same routes as the bicycles,
but more often. This finding indicates that commuting and day-to-day tasks (e.g., grocery shopping),
rather than additional recreational trips, were the main usage purpose.

Volume and intensity are the two parameters to evaluate if physical activity is sufficient to expect
health promotion effects. Several other studies already showed that the heart rate during single
trips with the pedelec can be classified as moderate by ACSM standards [17,18], and the pedelec was
therefore assumed to be a promising mode meeting physical activity guidelines [18]. Our study is one
of the first where no minimum riding requirements were made, and cardiorespiratory intensity during
real-world pedelec usage patterns was analyzed in a large cohort.

In accordance with previous studies, our data confirm that the average heart rate during everyday
pedelec use was significantly lower than during cycling, but was still high enough to be classified as
moderate by ACSM standards [5]. This was supported by the calculation of the metabolic costs of P
which also classify it as moderate intensity, but significantly less intense than B. The lower intensity
was also perceived by the subjects, resulting in the reporting of lower exertion during P. This has
been observed in other studies as well [18–20]. Lower perceived exertion has been reported to be a
motivation to replace other modes of transportation (e.g., car or public transport) by the pedelec [21] and
might, therefore, be the main reasons for the higher usage pattern we observed with the pedelec [17].

Importantly the weekly metabolic rate was significantly higher during P than B, showing higher
energy expenditure while pedelecs were used. This shows that the volume compensates for the
lower intensity observed during P. We can, therefore, assume that pedelecs may have beneficial health
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effects as reported previously [4,22] and we can confirm previous assumptions that the pedelec is an
alternative to the bicycle for fulfilling health care guidelines [19].

The absence of differences in general activity between the two observation periods can be explained
by the fact that cycling activity is not accurately recorded by the Actigraph activity monitor [23,24].
Therefore, neither pedelec use nor cycling affects the recorded total daily activity. The participants
still wore the device all day to make sure every activity was recorded. The absence of changes in
general activity indicates that using the pedelec did not influence other physical activities as observed
in other activity promoting interventions [25]. Our findings are in accordance with other studies,
which showed that the additional activity with the pedelec did not reduce other physical activities [22].
Our participants were very active in addition to the pedelec/bicycle use as activity counts for moderate
to very vigorous activity were higher than the activities observed in other studies [22]. Hence, even in
generally active people, the pedelec can be a health-promoting active transportation mode.

Pedelec use can help to meet the recommendations for physical activity, despite motor support.
This shows that the integration of pedelecs in the form of active transportation to work is an important
resource and should be supported by employers.

Limitations

Although our study design included an introduction period where the participants got used to
the pedelec, two weeks might have been not enough time to eliminate the effect of curiosity. Equipping
the participants with GPS devices would have given our study further benefits in making pedelec
and bicycle trips more comparable regarding speed, distance, and altitude. Recording the support
level during the pedelec rides would have given further inside into the actual usage behavior as
well. A further limitation is the relatively high number of participants who did not record heart rate
during the trips due to technical limitations and based on measurements throughout the year with
corresponding seasonal weather differences. For further studies, we, therefore, recommend easier to
handle and more accepted options of heart rate recording, e.g., photoplethysmographic measurement
on the wrist. As we only examined a two-week period, further research is necessary to clarify if the
observed effects endure over longer time periods and a larger study population.

The examined population showed BMI and fat values slightly above desirable normal range but
within average ranges in Germany, and thus, effects should be comparable to the general population.

5. Conclusions

On the basis of a real-world setting, our study showed that pedelecs could be a suitable method
to enhance health-promoting physical activity in healthy adults. While the average physiological
response is high enough to achieve beneficial adaptions, individual preconditions need to be taken into
account for every pedelec user. As we only examined a two-week period, further research is necessary
to clarify if the observed effects endure over longer time periods.
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Abstract: This article aims to compare the prevalence of active transportation among children and
adolescents from 49 countries at different levels of development. The data was extracted from the Report
Cards on Physical Activity for Children and Youth from the 49 countries that participated in the Global
Matrix 3.0 initiative. Descriptive statistics and a latent profile analysis with active transportation,
Human Development Index and Gini index as latent variables were conducted. The global average
grade was a “C”, indicating that countries are succeeding with about half of children and youth
(47–53%). There is wide variability in the prevalence and in the definition of active transportation
globally. Three different profiles of countries were identified based on active transportation grades,
Human Development Index (HDI) and income inequalities. The first profile grouped very high HDI
countries with low prevalence of active transport and low inequalities. The second profile grouped
low and middle HDI countries with high prevalence of active transportation and higher inequalities.
And the third profile was characterized by the relatively high prevalence of active transportation
and more variability in the socioeconomic variables. Promising policies from countries under each
profile were identified. A unified definition of active transportation and contextualized methods for
its assessment are needed to advance in surveillance and practice.

Keywords: cycling; walking; health promotion; policy; latent profile analysis; surveillance

1. Introduction

The world is experiencing a crisis of physical inactivity with almost 80% of adolescents not
achieving the recommended 60 min of daily moderate to vigorous physical activity for health [1].
In this context, transportation, as a daily necessity to move from one place to another, represents a
promising domain to promote the accumulation of physical activity in children and adolescents in a
convenient and habitual manner [2]. Specifically, active transportation to/from school is an opportunity
to integrate physical activity into children’s and adolescent’s routines [3].

Active transportation comprises non-motorized travel modes like walking, cycling or riding
a scooter, among others [4]. The use of these active modes leads not only to health benefits such
as greater levels of cardiorespiratory fitness [3,5] and better cardiometabolic health indicators [6]
among children who actively commute, but also to other co-benefits, such as better mental health
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outcomes [7,8], greater interaction with their environment [9], and reduced transportation-related
emissions and pollution [10]. Despite these benefits, current evidence suggests that this behaviour is
declining in many countries [11].

In the same way that physical inactivity prevalence varies widely across countries [1], a wide
variation in active transportation could be expected. These variations represent an opportunity to
identify those countries that are succeeding with active transportation behaviours, and those that
require action to increase active transportation or prevent a decline in this behaviour. However, to the
best of our knowledge, the few international comparisons of data on active transportation among
children and adolescents include mostly small groups of countries or the availability of national
representative data is limited [11–13]. Therefore, the Global Matrix 3.0 of Report Card grades on
physical activity among children and youth provides an opportunity to describe and examine the
global situation of active transportation. For the first time, 49 countries from all continents reported
data on an active transportation indicator at the national level [14]. The aims of this study were to
compare the prevalence of active transportation among children and adolescents from 49 countries
participating in the Global Matrix 3.0, to identify a set of profiles to group the countries according
to their prevalence of active transport and sociodemographic variables, and to discuss policies and
practices implemented across different countries to increase active transportation.

2. Materials and Methods

The Global Matrix 3.0 was an international initiative released in 2018 and led by the Active
Healthy Kids Global Alliance (AHKGA). This project brought together 513 researchers and physical
activity leaders from 49 countries around the world [15]. All the participating countries followed a
harmonized process to develop Report Cards on the physical activity of children and youth. A detailed
description of the countries’ involvement and the process to develop the Report Cards has been
published elsewhere and is briefly described here [14].

In each country, National Report Card Committees gathered the best and most recent national
surveillance data available up to 2018 to inform and grade ten specific indicators related to physical
activity among children and adolescents: Overall Physical Activity, Organized Sport and Physical
Activity, Active Play, Active Transportation, Sedentary Behaviours, Physical Fitness, Family and Peers,
School, Community and Environment, and Government [14]. The analyses presented in this paper are
focused on the Active Transportation indicator.

According to the benchmarks proposed by AHKGA to harmonize and guide the development of
the Report Cards, the Active Transportation indicator was described as the “percentage of children
and youth who use active transportation to get to and from places (e.g., school, park, mall, friend’s
house)” [14]. Report card leaders were instructed to inform this indicator by the best, preferably
nationally representative, data available for children and adolescents between five and 17 years, and a
grade was assigned according to the prevalence following a common rubric established by the AHKGA
(Table 1).

The prevalence of active transportation reported by each country and the related details presented
in each Report Card, including policies, practices, strategies to improve the grade and research
gaps, were extracted from the Report Cards and from related publications in English, Spanish or
French, including brief reports, posters and peer-reviewed articles. These publications were reviewed,
and relevant information was summarized by two of the authors of this manuscript. Based on the
grades provided, numerical equivalents were assigned (Table 1), and average estimates of the grades
for active transportation were calculated at the global level and by groups of countries according
to their level of development determined by the Human Development Index (HDI). The HDI is a
composite index created by the United Nations Development Programme (New York, NY, USA) to
rank countries based on key dimensions of human development such as education, life expectancy
and gross national income per capita [16]. HDI ranges from 0 to 1 and for the present analysis we used
the continuous index and a categorical variable that classified countries in three categories: low and
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medium (HDI < 0.70), high (HDI ≥ 0.70 to <0.80) and very high (HDI ≥ 0.80) [16]. It was included as a
variable of interest in this analysis based on the variability in active transportation observed across
HDI clusters in previous analysis of the Global Matrix [14]. Also, the Gini index for each country
was retrieved from the World Bank estimates. The Gini index provides a measure of inequality in
income distribution. It ranges from 0 (perfect equality) to 100 (perfect inequality) [17]. The Gini
index was included in this analysis considering previous international evidence that has shown that
income inequality is a relevant variable related to physical activity levels and taking into account the
importance of socioeconomic inequalities in transport as an essential activity for economic and social
development [18,19].

Table 1. Global Matrix 3.0 grading rubric.

Grade Interpretation a Numerical Equivalents b

A+ 94–100% 15

A We are succeeding with a large majority of children and youth (87–93%) 14

A− 80–86% 13

B+ 74–79% 12

B We are succeeding with well over half of children and youth (67–73%) 11

B− 60–66% 10

C+ 54–59% 9

C We are succeeding with about half of children and youth (47–53%) 8

C− 40–46% 7

D+ 34–39% 6

D We are succeeding with less than half but some children and youth (27–33%) 5

D− 20–26% 4

F We are succeeding with very few children and youth (<20%) 2

INC c Incomplete—insufficient or inadequate information to assign a grade
a For this article, the interpretation corresponds to the percentage of children and youth who use active transportation
to get to and from places (e.g., school, park, mall, friend’s house). b Letter grades were converted to numerical
equivalents for analyses purposes. c INC: incomplete

A latent profile analysis (LPA) was conducted to identify groups or profiles of countries based on
the numerical grades for active transportation and the two sociodemographic variables at the country
level, the HDI and the Gini index. LPA is a probability-based statistical procedure that allows to identify
classes or profiles that group observations sharing similar patterns of the variables of interest [20].
The analysis was performed to look for the best model solution for one to five possible profiles. Models
were compared to choose the solution with the best fit based on the Akaike information criterion (AIC),
sample-adjusted Bayesian information criterion (SABIC) and the bootstrapped likelihood ratio test
(BLRT) as indicators of model fit. All statistical analyses were performed using SAS 9.4 (SAS Institute,
Cary, NC, USA) and R (version 3.4.1, The R Foundation for Statistical Computing, Vienna, Austria).
The tidyLPA package [21] was used for the LPA.

3. Results

A total of 47 countries (96%) in the Global Matrix 3.0 had sufficient evidence (determined by each
country’s National Report Card Committee) on active transportation to assign a grade. The grades
ranged from “A−” in Japan, Nepal and Zimbabwe to “F” in Chile (Table 2). The global average
for active transportation was “C”. The average grade by HDI was “C+” for low to medium HDI
countries, “C” for high HDI countries and “C−” for very high HDI countries, as previously reported
by Aubert et al. [14]. The HDI of the included countries varied from 0.448 in Ethiopia to 0.985 in Jersey.
According to the Gini index, the country with the most unequal distribution of income was South Africa
with a Gini index of 63, while Slovenia had the lowest inequality score, with a Gini of 25.4 (Table 2).
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Table 2. Active transportation grades and sociodemographic variables of the 49 countries participating
in the Global Matrix 3.0.

Country
Active Transport

Grade
Active Transport
Numerical Grade

Human Development
Index (HDI) a

HDI
Classification

Gini
Index b

Australia D+ 6 0.939 Very high 34.7

Bangladesh C− 7 0.579 Low to medium 32.4

Belgium (Flanders) C+ 9 0.896 Very high 27.7

Botswana C 8 0.698 Low to medium 60.5

Brazil C 8 0.754 High 51.3

Bulgaria B− 10 0.794 High 37.4

Canada D− 4 0.920 Very high 34.0

Chile F 2 0.847 Very high 47.7

China C+ 9 0.738 High 42.2

Colombia B 11 0.727 High 50.8

Czech Republic C+ 9 0.878 Very high 25.9

Denmark B+ 12 0.925 Very high 28.2

Ecuador C− 7 0.739 High 45.0

England C− 7 0.909 Very high 33.2

Estonia D 5 0.865 Very high 32.7

Ethiopia C 8 0.448 Low to medium 39.1

Finland B+ 12 0.895 Very high 27.1

France C− 7 0.897 Very high 32.7

Germany C− 7 0.926 Very high 31.7

Ghana C+ 9 0.579 Low to medium 42.4

Guernsey Channel Islands D 5 0.975 Very high 40.0

Hong Kong B+ 12 0.917 Very high N/A

India B− 10 0.624 Low to medium 35.1

Japan A− 13 0.903 Very high 32.1

Jersey D+ 6 0.985 Very high 41.0

Lebanon D 5 0.763 High 31.8

Lithuania C− 7 0.848 Very high 37.4

Mexico C+ 9 0.762 High 43.4

Nepal A− 13 0.558 Low to medium 32.8

Netherlands B− 10 0.924 Very high 29.3

New Zealand C− 7 0.915 Very high N/A

Nigeria B 11 0.527 Low to medium 43.0

Poland C 8 0.855 Very high 31.8

Portugal C− 7 0.843 Very high 35.5

Qatar N/A N/A 0.856 Very high N/A

Scotland C 8 0.909 Very high 33.2

Slovenia C 8 0.890 Very high 25.4

South Africa C 8 0.666 Low to medium 63.0

South Korea B+ 12 0.901 Very high 31.6

Spain B− 10 0.884 Very high 36.2

Sweden C 8 0.913 Very high 29.2

Taiwan C− 7 0.885 Very high 33.6

Thailand C 8 0.740 High 37.8

United Arab Emirates INC N/A 0.840 Very high N/A

United States D− 4 0.920 Very high 41.5
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Table 2. Cont.

Country
Active Transport

Grade
Active Transport
Numerical Grade

Human Development
Index (HDI) a

HDI
Classification

Gini
Index b

Uruguay C 8 0.795 High 39.7

Venezuela B− 10 0.767 High 46.9

Wales D+ 6 0.909 Very high 33.2

Zimbabwe A− 13 0.516 Low to medium 43.2

Global average C 8.29 NA NA NA

Low to medium HDI
countries C+ 9.67 NA NA NA

High HDI countries C 8.5 NA NA NA

Very high HDI counties C− 7.78 NA NA NA
a Data at the national level from the United Nations Development Programme [16]. b Data at the national level from
the World Bank [17]. Abbreviations: HDI, Human Development Index; INC, Incomplete, N/A, Not available; NA,
Not Applicable.

Table 3 presents the prevalence and rationales behind the grades for each country, as well as
the sources and characteristics of the information reported. Active transportation among children
and adolescents varied between 15% in Chile and 86% in Japan and Nepal. Among the countries
that assigned a grade for active transportation, 83% (n = 39) did not provide details of the prevalence
stratified by sex. In the majority (62%) of countries that reported data by sex, the prevalence of active
transportation was slightly higher for males. More than half of the countries (65%) reported data for
both children and adolescents, however, the age groups included varied from one country to another.
Most countries (87%) only included data on school trips, and only two countries (Ecuador and the
United States) clearly reported active transportation to other destinations. Regarding the direction
of the trips, about half of the countries (49%) reported active transportation to and from school or
other destinations. In more than half of the countries (65%), the frequency of active transportation
reported was not clear. The most common frequencies reported were “daily” (n = 3), “typically” or
“usually” (n = 3) and “on a regular basis” (n = 2). Regarding the source of information, 64% (n = 30) of
the countries used data from surveys and studies with national representativeness, 8.5% (n = 4) used
local studies, and 19% (n = 9) used both local and national studies. International surveys such as the
Global School-Based Student Health Survey (GSHS) [22] and the Health Behaviour of School-aged
Children (HBSC) [23] were among the sources of information in seven countries.

The best LPA model grouped the Global Matrix 3.0 countries into three profiles according to the
grades for active transportation, the HDI and the Gini index. The three-profile model had the best fit
statistics according to the criteria proposed by Nylund et al. for model selection [24]. The preferred
model showed the lowest values for the AIC (359.8), SABIC (331.1) and the BLRT (24.8), and a significant
p value for the BLRT (p = 0.041). Table 4 shows the descriptive statistics for the latent variables among
the three profiles identified. In profile 1 (n = 25) 72% of the countries had active transportation
grades below “C”, 96% of the countries had a very high HDI, and 72% had relatively low Gini indices
(below 40). In profile 2 (n = 7), 85% of the countries had active transportation grades equal to or greater
than “C”, all of them had a low to medium HDI and 43% had Gini indices above 40. In profile 3 (n = 17),
94% of the countries had active transportation grades equal to or greater than “C”, 53% had a high
HDI and 35% had a very high HDI, and 47% had Gini indices above 40. For countries with missing
values in any of the variables of interest, the LPA assigned a profile based on the values available for
the remaining variables. Figure 1 presents a plot of the scaled data for the three profiles.
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Table 4. Descriptive statistics of the latent variables by country profile.

Profile (% of
Countries)

Active Transportation Grade Human Development Index Gini Index

Mean SD Min Max Mean SD Min Max Mean SD Min Max

1 n = 25 (51%) 6.08 2.55 0.00 10.00 0.89 0.05 0.763 0.985 33.78 5.29 25.44 47.70
2 n = 7 (14.3%) 10.14 2.34 7.00 13.00 0.55 0.06 0.448 0.624 38.29 4.81 32.40 43.20
3 n = 17 (34.7%) 9.82 1.88 7.00 13.00 0.80 0.09 0.666 0.925 42.08 10.58 27.10 63.0

Figure 1. Country profiles for active transportation and sociodemographic variables of countries in the
Global Matrix 3.0. The range of values for the active transportation grade, Human Development Index
and the Gini index varied notably between variables, therefore they were converted to z-scores to be
expressed in the same range of values and to ease their graphic depiction.

The availability of details related to active transportation in the report cards, beyond the reported
prevalence, varied across countries. Table 5 summarizes the information provided by countries
in terms of practices and policies, strategies proposed to improve the grades and research gaps
identified by expert groups in each country. Twenty-four countries provided at least one of these
details. The policies and practices identified by the expert groups included school siting policies,
transport policies that prioritize active modes of commuting, walking challenges and special events,
and multi-component programs that comprise educational strategies, enforcement of regulation to
improve traffic safety, and providing infrastructure and resources at several levels (children, teachers,
schools and communities). The most common topics in the strategies proposed to improve the grades
were improving safety conditions, providing supportive infrastructure, developing informational
and education strategies, and involving parents, schools and communities in the promotion of active
transportation. Several research gaps were identified, but the most frequent across countries was the
need to study active transportation to destinations other than school (Table 5).
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4. Discussion

Our results suggest that about half of children and adolescents use active modes of transportation
to get to and from places, mainly to and/or from school. However, a pooled estimate of the global
prevalence of active transportation cannot be calculated from the Global Matrix 3.0 data for reasons
that will be discussed below. Despite the clear gradient in average grades according to HDI that has
been discussed in previous publications [141–143], our results show variability within HDI groups and
the LPA allowed us to examine the clustering of this sample of countries according to three variables of
interest (active transportation grades, level of development and income inequality).

4.1. Comparability of Data

There was wide variability between countries in the prevalence of active transportation, and high
involvement in this behaviour was reported across countries with very different socioeconomic contexts
(e.g., Japan, Zimbabwe, Nepal, Denmark and Finland). However, the data reported by the countries
presented in Table 3 show important methodological differences that should be accounted for when
comparing the prevalence of active transportation between countries. One of the issues that can affect
the comparability of data is the difference in the frequency of use of active transportation reported by
the countries. Depending on the cut-point used to define children as active travelers, the prevalence
will vary widely, and the use of active transportation can be overestimated or underestimated. Similarly,
the prevalence may vary depending on the direction of active transportation assessed since different
modes can be used to go to and from school. As observed in previous comparisons of surveillance
systems measuring active transportation, the prevalence of active transportation varies greatly according
to the construct assessed [144]. In the group of countries included in this analysis, the frequencies
reported varied from daily to at least twice per week. Even when the source of information was
the same survey (e.g., the GSHS across countries), different frequencies were reported [136,145–147].
Regarding the construct assessed, the destination for active transportation is also relevant. Despite
the broad definition of active transportation in the Global Matrix 3.0 benchmarks [14], most of the
evidence available on active transportation in children is focused on the journeys to and from school,
as observed in this analysis and in previous literature [148]. Only Ecuador and the United States
reported the use of active transportation to other destinations, which could suggest an underestimation
of the involvement in active transportation in other countries since trips to places such as parks and
other people’s homes are also relevant opportunities to engage in this behaviour [149]. These findings
point to a need for the development of harmonized and contextualized measurements. Our results are
consistent with the findings reported by Herrador-Colmenero et al. in a systematic review, in which
the formulation of a standardized question is proposed to overcome the heterogeneity in measures
to assess active transportation [150]. Based on these insights, initiatives like the Global Matrix and
organizations like the AHKGA can contribute to the improvement of surveillance systems for the
evaluation of active transportation among children.

The Global Matrix initiative aims to better understand the global variation of certain physical
activity indicators [14]. Specifically, active transportation is one of the most strategic indicators
in the Global Matrix 3.0 to contribute to this aim, due to the low amount of INC grades, and the
good dispersion of grades across countries [14]. However, the availability of transportation-relevant
contextual variables at the country level to understand these variations was limited. Therefore, the LPA
provides an exploratory approach to identify subgroups that share similar patterns of variables [20,151],
and provides a unique opportunity to identify the ways in which countries in the Global Matrix 3.0
cluster, according to the grades for active transportation and contextual variables. The identified
profiles can be useful for the discussion of the different contexts in which active transportation needs
to be maintained or increased. A description of the three profiles is provided below.
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4.2. Country Profiles for Active Transportation and Sociodemographic Variables

Profile 1 included mainly countries with a very high HDI and low income inequality, mostly with a
reported prevalence of active transportation under 50%. Mainly, countries from North America, Europe
and Oceania were grouped in this profile. While the countries with the lowest prevalence of active
transportation were classified in this group (Chile, the United States and Canada), it also included
some countries with non-negligible prevalence of active transportation such as the Netherlands,
Belgium and the Czech Republic. This means that although all of these countries have a similar
development level, there are other relevant factors influencing active travel among children. First,
some of these are countries where long distances between destinations and the perceived convenience
of driving may undermine opportunities for active travel [102,152–154]. Second, urban planning
and policies that have prioritized people instead of cars, as well as supportive infrastructure have
made active modes a convenient and safe alternative to commute [155,156]. Interventions in countries
under this profile should aim to increase active transportation addressing the issues of distance and
convenience, attempting to discourage the use of motorized vehicles for short trips, and trying to
shift the social norms to consider active modes the default option for commuting as it occurs in many
European countries. A useful example among the policies reported in the Report Cards is the National
Cycling Policy from Sweden, which aims to prioritize cycling in the community and municipalities
planning [123].

Profile 2 grouped mostly countries with high prevalence of active transportation, low to medium
HDI and higher income inequalities. In most of these countries, access to motorized vehicles is limited,
and active travel is happening despite multiple safety concerns [157,158] and the lack of supportive
infrastructure [143]. Therefore, for many families, active transportation is likely to reflect necessity
rather than choice [159]. Also, many of the countries in this group report important differences
between children from rural and urban areas [117,120,145]. As suggested by a previous systematic
review on active transportation in Africa, these differences could be indicative of the physical activity
transition that these countries are experiencing [157,160]. In this context, for the countries classified in
this profile, preserving active travel while providing improved safety and infrastructure conditions
should be a priority. It is important to design strategies to avoid the unintended consequences that
economic growth can have on the mode of transport for children and adolescents. A good example of
the approaches needed in countries under this profile is the Non-Motorized Transport Policy from
Lagos, Nigeria. This policy aims to prioritize active modes of transportation over motorized options,
communicating the benefits and importance of active transportation, as well as improving safety
conditions for students using active modes to go to school [116].

Profile 3 had more variability in terms of HDI and income inequality, however, the relatively high
prevalence of active transportation was a main feature in common between this group of countries.
Some of the most successful countries in active transportation are grouped under this profile. However,
the conditions in which it is happening are very different. There are countries such as Finland, Denmark,
Japan, South Korea and Hong Kong where the use of active modes is supported by the design of
compact cities, school siting policies that ensure that children attend to schools located at a walkable
distance from home, and supportive infrastructure and regulations [103,104,108,141,155,161]. These
factors have made walking and cycling safe options for the daily commuting. Conversely, there are
countries like Colombia, Brazil, Mexico, Venezuela and South Africa, where active transportation is
prevalent despite safety concerns, the lack of supportive infrastructure and regulations and is likely to
be a necessity-driven behaviour [52,60,61,162–165]. Similarly to profile 2, almost half of the countries
in this profile have a relatively high Gini coefficient. However, this profile also includes countries
with very low inequality, such as Finland and Denmark. Income inequality has been previously
documented as a negative correlate of physical activity and organized sports involvement [14,19].
Notwithstanding, the high prevalence of active transportation in both equal and unequal societies
are consistent with literature that suggest that active transportation modes could be an opportunity
to bridge the inequities in transportation [18] as well as in other domains of physical activity. Due
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to the diversity of contexts found in this profile, different approaches are needed to promote or
maintain active travel. School siting policies that take into account the proximity between schools and
children’s homes, like those implemented in Japan and Hong Kong [103,104,107], can be useful for
growing cities. Also, multi-component strategies, such as the Bike to school program in Colombia are
a good reference for countries that aim to provide access, skills, and support to bike to school in safe
conditions [110]. Furthermore, Ciclovias or Open Streets programs are a good model for countries
where active transportation to school is already prevalent and aim to increase walking and cycling to
other destinations in the leisure time [112,166].

Regarding the strategies to improve active transportation, it is concerning to find that major
correlates of active transportation such as distance and the perceived convenience of driving are not
mentioned among the strategies proposed by the Report Card teams. Future versions of the Report
Cards, as tools to communicate evidence to stakeholders, should take these important factors into
consideration in order to advocate for active transportation addressing its most important drivers.

Our results can contribute to the call for measures of conditions related to all children wellbeing
made by a recent commission sponsored by the WHO, UNICEF and The Lancet. This commission
identified that inequities and climate change are undermining children’s right to a healthy environment
in both, the poorest and wealthiest countries [167]. Given that the transportation sector accounts
for almost 25% of global greenhouse gas emissions [168], local, regional, and national policymakers
and practitioners should implement interventions that support children’s active transportation in all
socioeconomic contexts.

4.3. Strengths and Limitations of the Study

Strengths of this study include the availability of active transportation data from 47 countries from
all continents, and the harmonized selection of the best available evidence in each country. Our analyses
contributed with a diverse context perspective to the emerging evidence on international comparisons
of active transportation, which has focused on specific groups of countries in previous studies [169,170].
Although most countries reported nationally representative data on active transportation, in some
countries, the best available evidence consisted of local data. The main limitations of the study
were the diversity in the quality of the data reported, and the broad benchmark proposed for active
transportation in the Global Matrix 3.0, which led to variations in the definition of active transportation
across countries. The important amount of missing data in the Community and Environment indicator
(26%) and the heterogeneity of the data reported across countries did not allow to include it as a
variable of interest in the LPA, despite its relevance for active transportation. For example, including
data on average distances for active transportation by country in future studies could strengthen the
model and enrich the profiling of countries as distance is one of the most consistent predictors of
active transportation. Also, since we analyzed aggregated data at the country level, a sample size of
47 is small and has limited power for the LPA. This could partly explain the heterogeneity observed
in the profiles, mainly in profile 1. Regarding the policies and practices reviewed, there was also
heterogeneity in the information reported across countries. Future versions of the Global Matrix can
strengthen the guidance on desirable information to report in this regard, such as the inclusion of active
transportation to school in National Education Acts or their equivalents in each country. The sample
included in this study represents approximately 25% of the total countries in the world. The inclusion
of a larger sample of countries in future studies could provide a clearer picture of profiles according to
active transportation and sociodemographic variables.

5. Conclusions

This work allowed for a deeper exploration of the active transportation information reported by
all the countries participating in the Global Matrix 3.0. Based on our findings, we identified the need
to standardize definitions of active transportation to be able to make more meaningful comparisons.
The LPA conducted allows for the inference that countries belonging to a specific profile have a
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greater probability of sharing certain characteristics among them compared to the countries belonging
to other profiles. Given the variation by geographic region and even HDI, this approach is useful
for identification of more meaningful groupings that can facilitate the cross-fertilization of efforts to
promote active transportation, and therefore, to “power the movement to get kids moving”, as is
intended by the Global Matrix initiative [171]. The Active Healthy Kids Global Alliance can contribute
to improving active travel surveillance providing guidance to countries involved in future versions
of the Global Matrix. A more comprehensive approach to active transportation surveillance that
considers duration, distance, frequency, direction, other destinations than school and the contribution
of active transportation to school to overall active transportation, could improve the understanding of
this behaviour and its potential to increase overall physical activity.
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50. Instituto Nacional de Estadística y Geografía-INEGI Encuesta Intercensal. Available online: http://www.
inegi.org.mx/est/contenidos/Proyectos/encuestas/hogares/especiales/ei2015/ (accessed on 28 March 2020).

51. Romero-Martínez, M.; Shamah-Levy, T.; Cuevas-Nasu, L.; Gómez-Humarán, I.M.; Gaona-Pineda, E.B.;
Gómez-Acosta, L.M.; Rivera-Dommarco, J.Á.; Hernández-ávila, M. Diseño metodológico de la encuesta nacional
de salud y nutrición de medio camino 2016. Salud Publica Mex. 2017, 59, 299–305. [CrossRef] [PubMed]

193



IJERPH 2020, 17, 5997

52. Ferrari, G.L.D.M.; De Victo, E.R.; Ferrari, T.K.; Solé, D. Active transportation to school for children and
adolescents from Brazil: A systematic review. Rev. Bras. Cineantropometria Desempenho Hum. 2018, 20,
406–414. [CrossRef]
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Abstract: Purpose: This study aimed to examine the associations of the perceived neighborhood built
environment with walking and cycling for transport in inhabitants from Latin American countries.
Methods: This cross-sectional study involved 9218 participants (15–65 years) from the Latin American
Study of Nutrition and Health, which included a nationally representative sample of eight countries.
All participants completed the International Physical Activity Questionnaire-Long Form for measure
walking and cycling for transport and the Neighborhood Environment Walkability Scale-Abbreviated.
Furthermore, perceived proximity from home to public open spaces and shopping centers was
assessed. Results: Perceived land use mix-access (OR: 1.32; 95%CI: 1.16,1.50) and the existence of
many alternative routes in the neighbourhood (1.09 1.01,1.17) were associated with higher odds of
reporting any walking for transport (≥10 min/week). Perceived slow speed of traffic (1.88 1.82,1.93)
and few drivers exceeding the speed limits (1.92; 1.86,1.98) were also related to higher odds of reporting
any walking for transport. The odds of reporting any cycling for transport (≥10 min/week) were
higher in participants perceiving more walking/cycling facilities (1.87 1.76,1.99), and better aesthetics
(1.22 1.09,1.38). Conclusions: Dissimilar perceived neighborhood built environment characteristics
were associated with walking and cycling for transport among inhabitants from Latin America.

Keywords: transport physical activity; walking; cycling; neighborhood built environment; Latin America

1. Introduction

Physical activity has benefical effects on numerous health outcomes. Higher physical activity levels
decrease the risk of cardiovascular disease (CVD), including coronary heart disease, type 2 diabetes,
colon cancer, and breast cancer, as well as increasing life expectancy [1]. Active transportation
(i.e. walking and cycling for travel purposes) has been recommended as a practical way of incorporating
more physical activity into daily life [2] and those who engage in active transportation tend to be
more active in duration and frequency than those without active transportation [3]. Furthermore,
a systematic review and meta-analysis of 531,333 participants reported that active transportation had a
significantly reduced risk of all-cause mortality, cardiovascular disease incidence and diabetes [4].

Recently, Latin America has undergone a rapid urbanization process with demographic,
epidemiological and socioeconomic changes and is currently the most urbanized region in the
world (around 80% of Latin Americans live in cities) [5]. The urbanization change people’s behaviour
and in most cases decrease the physical activity levels. Between 2001 and 2016, the prevalence of
physical inactivity (not meeting the physical activity recommendation proposed by the World Health
Organization) increased by more than 5 percentage points in Latin America (from 33.4% in 2001 to 39.1%
in 2016) [6]. Overall, the prevalence of physical inactivity (<150 min/week in moderate-to-vigorous
physical activity) ranging from 26.9% (Chile) to 47% (Costa Rica and Venezuela). Physical inactivity
(>40%) was prevalent in Brazil (43.5%), Argentina (43.7%), Venezuela (47.1%), and Costa Rica (48.0%) [7].
Furthermore, the highest mean of total sedentary behavior per day were in Costa Rica (524.6 min/day)
followed by Brazil (455.1 min/day) [8]. The Latin American region is characterized by high population
density, disorganized and heavy traffic, air and noise pollution, rising crime rates, high-income
inequality, high levels of poverty, and population aging [9,10]. The dissimilar features of Latin
American countries reduce, to translate findings from high-income countries (e.g., the United States,
European countries) to this particular region. Therefore, the investigation of how the built environment
can influence physical activity during transportation is warranted.

Different studies have explored associations between neighborhood built environmental
(destination accessibility, street connectivity, recreational facilities, and public transport) and walking
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or cycling for transport [11–13] and found that characteristics related to active transport infrastructure,
connectivity, walkability, safety and aesthetics were associated with higher physical activity during
transportation. Nonetheless, most previous research was done in the high-income countries [14–16].
Only one of the existing Latin American studies used a representative sample of the urban population
which may limit the generalizability of the observed associations, but it was related to a representative
sample of only one city per country [13,17,18] and had not sufficient power and variability to assess
walking and cycling separately. Therefore, the purpose of the present study was to examine the
associations of the perceived neighborhood built environment with walking and cycling for transport
in a representative sample of inhabitants from eight Latin America countries.

2. Material and Methods

2.1. Study Design and Sample

We use data from Estudio Latinoamericano de Nutrición y Salud (Latin American Study
of Nutrition and Health, ELANS—https://es.elansstudy.com/). ELANS was an observational,
cross-sectional, epidemiological multi-country (Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador,
Peru, and Venezuela) study that uses a common design and comparable methods across countries.
ELANS analyses a large representative sample from these eight countries and focuses on urban
populations [19]. The main criteria for countries participate in ELANS were as follows: (a) data
were collected from participants (15–65 years of age) selected; (b) at least the minimum number of
participants per country according to the sample size; c) investigators were selected for the ELANS study
based on their ability to collect the data which included investigator experience, funding availability,
completed pilot work and having translated ELANS materials and diversity of their geographic
location in Latin America.

Data collection dates ranged from September 2014 to February 2015. The overarching ELANS
protocol was approved by the Western Institutional Review Board (#20140605) and is registered
at ClinicalTrials.gov (#NCT02226627). Ethical approval was obtained from each local institutional
review board (Brazil: 689.294; Chile: 14-179; Costa Rica: VI-6480-2013; Ecuador: 2014-057M; Peru:
352-2014/CIEI-IIN), and participants’ informed consent was obtained before data collection.

The entire ELANS study consisted of 9218 (4809 women; aged 15–65 years) participants who
were chosen using a random complex, multistage sample design, stratified by conglomerates, with all
regions of each country represented, and random selection of Primary Sampling Units (PSUs) and
Secondary Sampling Units (SSUs) according to probability proportional to size method. The PSUs were
areas (e.g., counties, municipalities, neighborhoods, residential areas) within each selected city in each
country. An “n” size proportional to the population weight was used for the range of PSUs. In this
instance, a simple random sampling of “n” with replacement was achieved to adhere to the principle
of statistical independence of the selection of the areas included in the PSU sample. For these random
selections, the probability proportional to size (PPS) method was applied. Therefore, within each of
the areas included in the PSU allocation, a representative sample of SSUs was randomly selected using
the PPS method.

For the selection of households, we implemented a four-step, systematic randomization procedure
by establishing a selection interval (k): a) the total urban population was used to proportionally
define the main regions and to select cities representing each region, including key cities and other
representative cities in the region, using a random method and sampling criteria, while attempting
to cover the determined urban population; b) the sampling points (survey tracts) of each city were
randomly designated, and c) clusters of households were selected from each sampling unit. Addresses
were chosen systematically using standard random route techniques, beginning with an initial
address designated at random. The households were designated with three regular jumps; that is,
a particular household was selected by randomly picking the first home and subsequently skipping
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three households; d) the designated respondent within each household was selected using the birthday
method (half chosen using the next birthday; the other half using the last birthday).

In total, a number of 92 cities were participants in the study and the sampling size essential for
sufficient accuracy was calculated with a 95% confidence level and a maximum error of 3.5% and a
survey design effect of 1.75 based on guidance from the National Center for Health Statistics [20],
and calculations of the minimum sample sizes required per sex, age group and socioeconomic
status were performed for each country [19,21]. The exclusion criteria adopted were: (a) pregnant
and lactating women; (b) persons with physical or mental disabilities; (c) unsigned consent form;
(d) individuals living in non-family residential environments; and (e) individuals who could not read.
More information on the ELANS study is provided in Fisberg et al. [19].

The perceived neighborhood built environment and walking and cycling for transport procedure
used in ELANS consist of self-reported data collected by questionnaires. The questionnaires (perceived
neighborhood built environment and walking and cycling for transport) used in the ELANS were
interviewer-administered during the home visit, and 9218 (15–65 years old) adults had complete data.

2.2. Perceived Neighborhood Built Environment

The Neighborhood Environment Walkability Scale-Abbreviated (NEWS-A) adapted for the current
study was used to collect data of perceived neighborhood built environment [22]. The NEWS-A was
translated from English into the language of the participanting countries (Spanish and Portuguese)
and the scale adaptation also encompassed the addition of two items to the safety from crime subscale,
an item measuring the proximity of shopping centers and three items gauging the proximity to three
types of public open space (metropolitan parks, playgrounds and public squares). The reliability and
validity survey of NEWS-A have been previously shown in several countries with all included scales
having test-retest reliability intraclass correlations >0.50 [23,24].

The NEWS-A is one of several recently developed questionnaires designed to measure residents’
perceptions of the environmental attributes of their local area [25]. The NEWS was designed to obtain
residents’ perceptions of how neighborhood characteristics found in the transportation and urban
planning literature were related to a higher frequency of walking and cycling for transport [26].

The NEWS-A include items that represent seven subscales: land use mix–diversity, land use
mix-access, street connectivity, walking/cycling facilities, aesthetics, safety from traffic, and safety
from crime (Table 1) [22]. The land use mix-diversity scale is assessed by the perceived walking
proximity from home to twenty-three different types of destinations, with responses ranging from
1–5-min walking distance (coded as 5 = high walkability) to >30-min walking distance (coded as
1 = low walkability). The remaining six scales are average ratings of items answered on a four-point
Likert scale (1 = strongly disagree to 4 = strongly agree). Scales were scored in a direction consistent
with higher walkability and safety, with individual items reversed when necessary. Scoring details
are described elsewhere [22]. Cronbach’s alpha was used to measure the internal consistency of the
neighborhood environment characteristics’ scales. The scales ‘street connectivity’ (Cronbach’s alpha:
0.433) and ‘safety from traffic’ (Cronbach’s alpha: 0.191) from NEWS-A were not included in the
results due to low internal consistency. Instead, the individual items were analysed separately. On the
other hand, the Cronbach’s alpha was higher for ‘land use mix-diversity´ (Cronbach´s alpha: 0.897),
‘land use mix-access’ (Cronbach´s alpha: 0.693), ‘walking/cycling facilities’ (Cronbach´s alpha: 0.613),
‘aesthetics’ (Cronbach´s alpha: 0.804), ‘safety from crime’ (Cronbach´s alpha: 0.805), ‘distance to parks’
(Cronbach´s alpha: 0.620).
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Table 1. Summary of environmental scales, NEWS-A.

Scale Items

Land use mix-diversity

About how long would it take to get from your home to the nearest businesses or facilities listed
below if you walked to them?
Items: convenience/small grocery store, supermarket, blacksmith, fruit/vegetable market,
laundry/dry cleaners, clothing store, post office, library, university/school, other educational
centers, book store, fast food restaurant or street food, bakery/coffee shop, bank, non-fast food
restaurant, video store, pharmacy/drug store, salon/barber shop, your job or school, public
transport stop, park or square, gym or fitness facility

Land use mix-access

Stores are within easy walking distance of my home.
It is easy to walk to a transit stop (bus, train) from my home.
There are many places to go within easy walking distance of my home.
The streets in my neighborhood are hilly, making my neighborhood difficult to walk in (reversed).
There are major barriers to walking in my local area that make it hard to get from place to place
(for example, freeways, railway lines, rivers) (reversed).

Street connectivity

The streets in my neighborhood do not have many cul-de-sacs (dead-end streets).
The distance between intersections in my neighborhood is usually short (100 yards or less; the
length of a football field or less).
There are many alternative routes for getting from place to place in my neighborhood. (I don’t
have to go the same way every time).

Walking/cycling facilities
There are sidewalks on most of the streets in my neighborhood.
Sidewalks are separated from the road/traffic in my neighborhood by parked cars.
There is a grass/dirt strip that separates the streets from the sidewalks in my neighborhood.

Aesthetics

There are trees along the streets in my neighborhood.
There are many interesting things to look at while walking in my neighborhood.
There are many attractive natural sights in my neighborhood (such as landscaping, views).
There are attractive buildings/homes in my neighborhood.

Safety from traffic

There is so much traffic along nearby streets that it makes it difficult or unpleasant to walk in my
neighborhood (reversed).
The speed of traffic on most nearby streets is usually slow (50 km/h or less)
Most drivers exceed the posted speed limits while driving in my neighborhood (reversed)
There are crosswalks and pedestrian signals to help walkers cross busy streets in
my neighborhood.

Safety from crime

My neighborhood streets are well lit at night.
Walkers and bikers on the streets in my neighborhood can be easily seen by people in their homes.
There is a high crime rate in my neighborhood (reversed).
The crime rate in my neighborhood makes it unsafe to go on walks during the day (reversed).
The crime rate in my neighborhood makes it unsafe to go on walks at night (reversed).
The parks, public squares, green areas and recreation areas in my neighborhood are unsafe
during the day (reversed).*
The parks, public squares, green areas and recreation areas in my neighborhood are unsafe at
night (reversed).*

* items not in the NEWS-A scale.

2.3. Walking and Cycling for Transport

Participants reported their walking and cycling for tranport levels by completing the long-form of
the last seven days, interview version of the International Physical Activity Questionnaire (IPAQ) in
Spanish and Portuguese [27]. We used only the questions that covered the active transport-related
domain [21]. The IPAQ has been validated to assess PA in individuals aged 15–69 years in several
countries [28,29].

The participants were instructed to report the frequency and duration (bouts of ≥10 min) of
walking and cycling for transport domain. Specifically, the following questions were asked: (a) “During
the last seven days, did you walk or use a bicycle (pedal cycle) for at least 10 min continuously to get
to and from places?” (Yes, No); (b) “During the last seven days, on how many days did you walk or
ride a bicycle for at least 10 min at a time to go from place to place?”; (c) “How much time did you
usually spend on one of those days to bicycle or walk from place to place?” These questions were
asked separately for walking and cycling. IPAQ walking and cycling for transport data are reported as
min/week. Time (min/week) spent in each activity (i.e., walking and cycling) was calculated and used
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in the analysis. In this study, we used walking and cycling for transport separately. Details on the
assessment of walking and cycling for transport by IPAQ have been published elsewhere [21].

2.4. Sociodemographic Characteristics

Information about demographics including age by year (15–65 years), and sex was collected using
standard questionnaires. Socioeconomic status was evaluated by questionnaire using country-specific
definitions based on national norms, laws, and the questionnaires used on national surveys in each
country and included equivalent characteristics for all countries. Given the variablility in categoririzing
socioeconomic status, a standard three level system (low, medium, high) was developed and included
equivalent characteristics for all countries [30–36]. Detailed information can be found in a previous
publication [19].

2.5. Statistical Analysis

Data analyses were performed with IBM SPSS, v.22 (SPSS Inc., IBM Corp., Armonk, New York,
NY, USA). Descriptive statistics included mean, standard deviations (SD), and percentages were
presented. Weighting was done considering sociodemographic characteristics, sex, socioeconomic level,
and country [19].

Multilevel logistic regression models, with the individual as the first level and the country as the
second level, were used to estimate the overall associations of neighborhood characteristics with walking
and cycling for transport (odds ratio: OR; confidence interval 95%: 95%CI) with a binary dependent
variable (0 = “<10 min of walking or cycling/week”, 1 = “≥10 min of walking or cycling/week”).
Multilevel logistic regression modelling is a statistical method used to estimate the odds that an event
will occur (yes/no outcome) while taking the dependency of data into account—participants from the
same country are more likely to function in the same way than participants from different countries.
This valuable information is taken into account when estimating the effects of independent variables
on the outcome [37].

We present the results of walking and cycling for transport separately. Models were adjusted
for sex, age, and socioeconomic level—these variables were included as independent variables in the
logistic regression. We present the overall and country-specific results. A significance level of 5% was
considered (p < 0.05).

3. Results

3.1. Descriptive Results

Table 2 describes the participants’ characteristics. The total sample with all complete data included
9218 participants. Overall, 52.2% of the sample consisted of women and the mean age was 35.8 (SD:
14.0) years. The percentages reporting ≥10 min/week walking and cycling for transport were 75.2%
and 9.7%. The percentages reporting ≥10 min/week walking for transport ranged between 59.9%
(Venezuela) and 83.5% (Costa Rica). While cycling for transport ranged between 2.5% (Venezuela) and
15.9% (Costa Rica). The levels of ≥10 min/week cycling for transport in the last seven days were much
lower in contrast to ≥10 min/week walking for transport.

The perceived neighborhood built environment varied greatly across countries. Land use
mix-diversity was the highest in Colombia (mean: 3.1; SD: 0.7), and the lowest in Venezuela (mean: 2.4;
SD: 0.8) assessed with a 5-point scale. The differences in means of the other environmental variables
across the countries were relatively small, about 0.6, in the variables assessed with a 4-point scale.
The overall mean scores of proximity of public open spaces (mean: 3.3; SD: 1.1) and of shopping centers
(mean: 4.0; SD: 1.3) (5-points scales) indicated greater perceived proximity of public open spaces than
to shopping centers. The mean scores of the items of street connectivity and safety from traffic were
similar across all countries (differences ≤ 0.4) (Table 3).
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3.2. Perceived Neighborhood Built Environmental and Walking for Transport

Estimated associations of perceived neighborhood built environment subscales with walking
for transport are shown in Table 4. In overall, perceived land use mix-access (OR: 1.32; 95%CI: 1.16,
1.50) and the existence of many alternative routes in the neighbourhood (OR: 1.09; 95%CI: 1.01, 1.17)
were associated with higher odds of reporting any walking for transport (defined as ≥10 min/week).
Perceived slow speed of traffic (OR: 1.88; 95%CI: 1.82, 1.93) and few drivers exceeding the speed limits
(OR: 1.92; 95%CI: 1.86, 1.98) were also related to higher odds of reporting any walking for transport.

There were different associations among countries between walking for transport and perceived
neighborhood built environment subscales. Argentina was the country with the strongest associations
between perceived aspects of the neighborhood built environment (land use mix-diversity, land use
mix-access, aesthetics, safety from crime, streets in neighbourhood do not have many cul-de-sacs,
the existence of many alternative routes in the neighbourhood, much traffic, and most drivers exceed
the posted speed limits) and walking for transport (Table 4).

3.3. Perceived Neighborhood Built Environmental and Cycling for Transport

Estimated associations of perceived neighborhood built environment subscales with cycling for
transport are presented in Table 5. In the overall analyses, the odds of reporting any cycling for
transport (defined as ≥10 min/week) were higher in participants perceiving more walking/cycling
facilities (OR: 1.87; 95%CI: 1.76, 1.99), and better aesthetics (OR: 1.22; 95%CI: 1.09, 1.38).

Distinct associations by country were observed between perceived neighborhood built
environment characteristics and cycling for transport. Brazil was the country with the strongest
associations between perceived aspects of the neighborhood built environment (land use mix-diversity,
and proximity of public open space, and shopping centers) and cycling for transport (Table 5).
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4. Discussion

The present study aimed to investigate whether different perceived built environment
characteristics are associated with walking and cycling for transportation. Our main findings were
that land use mix-diversity and mix-access, the presence of different alternative routes to access the
destination, lower speed limit in the roads, as well as the majority of the drivers respecting speed
limit, were associated with higher walking for transportation. The presence of walking or cycling
facilities and a higher aesthetics were associated with higher cycling for transportation. We also
highlight some regional specific associations land use mix-diversity (Argentina, Brazil, and Colombia),
aesthetics (Argentina, Brazil, and Peru), safety from crime (Argentina and Chile - inverse), proximity to
public open spaces (Chile), few dead-end streets (Argentina) and low traffic along the nearby streets
(Argentina and Venezuela) were associated with higher odds of walking for transport in specific
countries. Similarly, land use mix-diversity (Brazil), land use mix-access (Peru), proximity to public
open spaces (Brazil and Costa Rica), few dead-end streets (Colombia), the distance between intersections
in the neighbourhood (Ecuador), different alternative routes to access the destination (Costa Rica) and
the majority of the drivers respecting speed limit (Costa Rica) were associated with higher odds of
cycling for transport in specific countries.

Our findings regarding walking for transport are in line with previous findings from economic
developed countries [12,13]. In this sense, we found that factors related to walkability as connectivity as
well as related to traffic safety were the most associated with higher walking for transport. These findings
highlight the role of planning compact cities aiming to shift the transportation mode towards higher
active transportation through increasing the land use mix-access and connectivity [38,39].

In addition, our findings support the important role of traffic safety on walking for transportation.
Therefore, measures for traffic calming and safety as lowering the speed limit of the roads can
increase physical activity during transportation as well as reduce road injuries [40] and consequently,
impact secondary health outcomes, producing a disability-adjusted life-years gain [38].

The findings also pointed out the role of aesthetics in transportation through cycling. Even the
majority of evidence found that aesthetics is important most for leisure-time activities as walking during
leisure-time [12,41,42], some previous studies also found an association between aesthetics and physical
activity during transport [12,13,43], therefore, a pleasant environment seems to be determinant for the
choice of cycling for transportation. Another finding was related to the association of cycling facilities
with the adoption of cycling for transportation, which highlightes the need for urban infrastructure
supporting cyclists, as the build of bike paths as well as the expansion of integrated transportation
systems with infrastructure for cyclists, including bike-sharing and parking [44,45].

Our findings showed that there were more perceived environmental correlates of walking than
cycling for transportation across countries. Country-specific associations can guide specific policies for
each country included in the present study. For example, different correlates related to connectivity,
land use, safety from crime, aesthetics and safety from traffic were associated with walking for
transportation in Argentina, while only aesthetics and land use mix-diversity were associated with
walking for transportation in Brazil. Similarly, Costa Rica presented the highest number of correlates
of cycling for transportation, including the distance of public open spaces, the number of alternative
routes and few drivers exceeding the speed limit, while other countries presented more specific unique
determinants as land usemix-access for Peru and other did not present correlates as Argentina, Chile,
and Venezuela.

Our results shows positive association between walking for transport and land use mix-diversity
in Argentina, Brazil and Colombia; land use mix-access was positively associated in overall, Argentina,
Colombia, and Venezuela. We found an unequal association between the neighborhood built
environment characteristics (e.g., aesthetics [Argentina, Brazil, and Peru], safety from crime [Argentina,
and Chile], distance to public open spaces [and Chile]) and walking for transportation by country.
The documentary analysis of the ten Latin American cities show several programs in Latin America that
positively impact active transportation [44]. Several cities have implemented policies and programs
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aimed promoting walking and cycling for transport. Some of the most relevant and commonly
implemented programs are the Ciclovia Recreativa Programs, and the implementation of Bus Rapid
Transit systems (BRT) projects [44,46]. In Latin America, BRT systems have been implemented in Brazil,
Ecuador, Peru, Mexico, and Colombia where they are considered an efficient and cost-effective solution
for urban mobility [47]. Although the main objective of BRT is to increase urban mobility and reduce
transport-related time, they also have the potential to stimulate the use of walking and cycling for
transport and reduce car ownership use, thus promoting prysical activity [48].

Despite the health benefits of these systems implemented in Latin American countries, private car
ownership in this region has been increasing steadily [49,50] such as Brazil, Argentina, Chile,
and Colombia [51]. Studies show that in high-income countries, increasing car ownership does
not necessarily lead to an increase in car-usage [52]. However, lower use of non-motorized modes of
transport, the higher social advantage offered by owning a car, unequal public transport systems and
the trend of increasing car ownership is likely to have a negative influence on walking and cycling for
transport [53,54].

In our results, the odds of reporting cycling for transport was higher in respondents living in
neighborhoods perceived to be more aesthetically pleasing and better walking/cycling facilities. It may
be that aesthetically pleasing environments and green spaces can act as motivators for engaging
in or spending more time in active transportation [55]. The way aesthetics are associated with
active transportation has an important implication [13]. The aesthetics may play a different role in
deciding whether or not to engage in different types of physical activity. While aesthetics may not
be a relevant environmental feature for walking, it may play a more relevant role for involvement
in moderate-to-vigorous physical activity [56]. Aesthetics ratings, like safety ratings, were low
across all coutries, and this may be an area for improvement with less cost implications than other
structural changes.

Some limitations should be considered in the interpretation of our study. These data do not include
car ownership that is likely to have a negative influence on walking and cycling for transport [53,54].
We used self-reported measures of the built environment (perceived) and physical activity, which can
lead to recall bias. Also, the cross-sectional design does not allow a causality interpretation, even the
reverse-causality is not probable after the adjustment for sociodemographic factors as socioeconomic
status. The use of self-report measures of both neighborhood environments and physical activity should
be considered in the interpretation of the findings since there is evidence that items from the IPAQ—long
(the measure of physical activity used in this study) may be interpreted differently across different
cultures and contexts [57]. Also, the NEWS scale has been found to assess density and access to services
more accurately in low-to-medium density urban environments [17]. Considering these measurement
issues, some of the between-country differences in associations observed in this study might have
been due to differences in the interpretation of the survey items. Furthermore, low variability within
countries and the small sample sizes in some countries, especially for cycling, may lead to non
significant coefficients for variable that affect walking or cycling. This study has several strengths.
We presented data on the association between perceived built environment and transportation physical
activity (walking and cycling) from eight different Latin-American countries, which enables a regional
as well as country-specific vision with more than 9000 participants. By providing a unique Latin
American dataset, the present study enabled wider cross-country comparisons and, thus, expanded the
existing literature. In addition to identifying neighborhood built environment characteristcs associated
with physical activity that might inform public health policies and investments, our findings should be
viewed as an opportunity to inform and motivate researchers in Latin America to further examine
these relationships. Prospective studies of environmental characteristics and active transportation are
needed as well as evidence from intervention studies to better inform policy changes and large-scale
environmental interventions.
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5. Conclusions

This study showed the importance of environmental characteristics for walking and cycling
for transport. In general lines, improving perceptions of neighbourhood built environment through
changes in the actual neighbourhood built environment could be a target for increasing active transport
among inhabitants from Latin America. Programs and policies should consider differences by country.
For example, land use mix-diversity was consistently associated with higher walking and cycling for
transportation in Brazil, while the respect to the speed limits by drivers was consistently associated
with walking and cycling for transportation in Costa Rica. Future studies should investigate the
prospective association of environmental characteristics with change in transport physical activity
among Latin America countries.
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Abstract: Active commuting to school is highly recommended for several reasons, and in the
decision-making process for doing so, a child interacts with parents and teachers. Until now, these three
interactors’ gender-specific perspectives on children and adolescents’ need for cycling to school
have been unavailable. Thus, our concept mapping study analyzed the needs of 12- to 15-year-olds
in Germany for cycling to and from school daily, as perceived by students, parents, and teachers
stratified by gender. From November 2019 to February 2020, 136 students, 58 parents, and 29 teachers
participated. Although 87.8% of girls and 100% of boys owned a bicycle, only 44.4% of girls and
72.9% of boys cycled to school. On average, girls cycled to school on 1.6 ± 2.0 days a week and boys
on 2.7 ± 2.0 days a week. A “bicycle and related equipment,” the “way to school,” and “personal
factors” were reported needs, perceived by students and teachers of both genders and by mothers.
Girls reported the additional gender-specific need for “social behavior in road traffic,” mothers
and female teachers reported “role of parents,” and female teachers reported a “sense of safety.”
This study’s findings could inspire the development of school-based bicycle interventions.

Keywords: childhood; adolescence; sex; active commuting to school; bicycle

1. Introduction

Only 26% of children and adolescents aged 3 to 17 in Germany achieve the physical activity (PA)
as described by the guidelines of the World Health Organization (WHO) [1]. Active commuting to
school (ACTS) is regarded as an additional opportunity to increase PA before and after school and is
highly recommended for school-aged children and adolescents [2]. Cycling is one mode of ACTS and
has additional benefits compared to walking for the following reasons: (i) Compared to 25% of walkers,
36% of children and adolescents who cycle to school meet the weekly PA recommendation [3]; (ii) ACTS
by bicycle has been generally associated with higher PA intensity than walking, with positive effects
on cardiovascular fitness in children and adolescents [4] leading to a risk reduction of developing
cardiovascular diseases; (iii) cycling increases the mobility of students who need to manage a longer
home-to-school distance when engaging in ACTS [5,6]; (iv) in cities, a bicycle is considered the fastest
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means of transportation for distances less than 5 km [7], which is more time-efficient (especially when
car traffic is congested); and v) ACTS by bicycle is more positively associated with cycling than walking
to other destinations [3], possibly establishing a potentially lifelong active travel (AT) routine by bicycle.
Over time, this maintained behavior routine is useful because it predicts PA in adults [8]. Despite these
well-known benefits of ACTS by bicycle and the fact that 57% to 98% of children and adolescents aged
up to 17 years in Germany own a bicycle [9], why only 8% [10] to 22.2% [11] of them cycle to and from
school remains as yet an unknown. Furthermore, the reasons why more boys (23.8%) than girls (20.6%)
in Germany cycle to school are still unclear [11]. In a recent systematic review of school-based ACTS
interventions focusing on cycling, we found that only one in seven strategies was promising and that
two grade levels between 3rd and 7th grade were chosen [12]. Moreover, analysis of gender differences
has been performed for only one intervention, which indicated an unexplained beneficial effect on
boys but not on girls [13].

According to the Model of Children’s Active Travel (M-CAT) [14], the main factors influencing
children’s travel behavior include “objective characteristics” of the child (e.g., age, gender, school
attended), parent (e.g., social status) or family (e.g., size), and further objective elements in physical
(e.g., population density), economic (e.g., costs), or political-socio-cultural environments (e.g., school).
Some previous research indicates that parents’ gender predicts positive associations between parental
characteristics and a child’s ACTS (e.g., employed mothers [15], mothers actively commuting to
work [16]). Moreover, M-CAT considers parent and child’s “perception elements” including attitudes
(e.g., benefits or risks), the environment (e.g., favorable or unfavorable), and the child (e.g., sense of
responsibility, knowledge of road safety, cycling skills) [14]. Because perception is based on “objective
characteristics” [14], it can be influenced by the child or parents’ gender, so perception can also
impact on the child’s ACTS. Previous research has reported influential factors identified by both
parents of children aged 9 to 12 (e.g., perceived convenience of using the car to drive the child to
school), whereas other factors were gender-specific to mothers (e.g., a child’s lack of interest) [17].
In conclusion, interaction among all these factors influences the outcome, i.e., parents and children’s
decisions on children’s engagement in ACTS, as well as events occurring during children’s engagement
(e.g., bullying) [14]. According to M-CAT, children make the final decision on whether they engage in a
certain behavior [14], making them experts on their own behavior [18]. Their autonomy, independence,
and personal responsibility increase with maturation, while the parents’ role and influence as supporters
or decision-makers (i.e., ultimate allowance or restriction) simultaneously decrease [14]. Besides the
child and its parents, M-CAT mentions schoolteachers as important interactors in the socialization
process of ACTS [14]. In addition to the teaching mission, schoolteachers also follow an educational
mission according to German laws and are commonly seen as role models on who should practice
whatever they emphasize in school lessons [19]. Contrary to previous research on parents, we could
not find a gender-specific analysis of teachers’ perspectives on ACTS.

Following this, parents at home and teachers at school educate and observe the child, making
them experts on the child’s behavior and needs [20]. Parents and teachers can be aware of aspects
influencing their decision to support the child’s ACTS [14], but the child, due to strengths, deficits,
and stage of maturation, might not perceive them. This circumstance has already been confirmed in
previous research, in which parents and their child had different perspectives on barriers of ACTS [15]
and, conversely, needs. In addition, parents identified more barriers to ACTS than children [15].
Moreover, complementary and stimulating impulses of the child, parents, and teachers’ perceptions,
especially in the gender context [14], might favor a successful socialization process of ACTS [21].

Therefore, our concept mapping study analyzed how perceptions of students, parents, and teachers
differed by gender about what children and adolescents aged 12 to 15 in Germany need to cycle daily to
and from school. Knowledge of potential similarities and discrepancies in gender-specific perspectives
of students, parents, and teachers on perceived needs is necessary to develop future gender-sensitive,
school-based bicycle interventions.
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2. Materials and Methods

This study used the concept mapping method, a mixed method that combines quantitative and
qualitative research [22,23]. It follows a participatory approach based on group processes [22,23]
and generally consists of six steps [24]. First, the study is prepared by defining the participants and
developing a main question. The second step includes the generation of participants’ answers to the
main question. Third, participants cluster all unique answers from step two into groups of similar
content and rate these answers on importance and feasibility. The fourth step includes the use of a
computer program for a (hierarchical) cluster analysis and multidimensional scaling (multivariate
statistical analyses). These analyses result in the representation of unique answers, obtained in the
second step and structured in the third step, arranged as dots on a two-dimensional concept map.
Distances between dots provide information about the frequency with which participants clustered
unique answers in the same groups of similar content (i.e., the closer, the more often; the wider,
the rarer). In step five, researchers interpret the concept map by identifying an adequate number of
relevant clusters and, subsequently, label clusters according to their content based on participants’
suggestions. The sixth step includes use of the concept map to plan or evaluate further research.

2.1. Recruitment of Participants

To address ACTS needs in both urban and suburban living areas [6,11,25] and to address the age
group (older than 12 years) in which cycling-to-school rates are low [26], in October 2019, an invitation
letter was sent to four secondary schools in urban or suburban areas in Germany. Three schools
(one urban; two suburban), each including two classes of 7th and/or 8th graders aged 12 to 15, agreed to
participate in the study. Parents and teachers were also invited to participate. Prior to the study’s
beginning, parents and teachers received an information letter, but only children whose parents,
parents and teachers who provided signed consent forms participated. To ensure anonymity and to
connect each individual’s data throughout all concept mapping sessions, participants were instructed
to create a five-digit ID code themselves. In all, 136 students, 58 parents, and 29 teachers participated
in at least one of the sessions (drop-out rates: 26.5% for students; 79.3% for parents; 62.1% for teachers).

2.2. Concept Mapping Sessions

2.2.1. Students

All concept mapping sessions for students were conducted face-to-face at schools and were
supervised by at least one trained researcher (D.M.I.S./C.V.). In each class, the sessions occurred during
two regular lessons, i.e., 90 min. Based on schools’ availability of sufficient computers and/or stable
internet connections, sessions were conducted using either a printed or an online version. Independent
of both media, sessions followed exactly the same procedure.

The first concept mapping sessions with students took place in November and December 2019.
At three schools, 123 students (49 females, 72 males, 2 diverse), aged 13.1 ± 0.9 years, from six classes
(22 to 32 students per class) participated. During the first session, students completed a printed or
an online questionnaire via the program Survalyzer [27]. This questionnaire was structured in three
sections (see Table A1): (1) personal characteristics, e.g., age and gender (see Table A2), (2) a warm-up
question (why do or don’t you cycle to school?), and (3) the main question (what do you need to cycle
to and from school on a daily basis?). The warm-up question served as an icebreaker to introduce
“cycling to school” to the students. To answer the main question, students had an individual and a
group brainstorming phase. During individual brainstorming, students were stimulated to list as
many answers to the main question as they could. During group brainstorming, individual students
shared their written answers and checked their clarity, resulting in a list of unique answers for each
class. After all classes had completed the first session, D.M.I.S. created a single list that included all
unique answers from all six classes. The working process of D.M.I.S. was checked by the second
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researcher S.M., and any discrepancies were resolved through discussion. As a result, D.M.I.S. entered
a list of 98 unique answers into the rating and clustering program Ariadne [28].

The second concept mapping sessions took place in January and February 2020; they were
completed by 100 students (35 females, 64 males, 1 diverse). Here, students were asked to rate all 98
listed answers (paper/pencil with answers printed in a table or online via the program Ariadne) for both
(a) importance and (b) feasibility on a five-point Likert scale (1 = very unimportant/unfeasible,
2 = unimportant/unfeasible, 3 = neutral, 4 = important/feasible, 5 = very important/feasible).
Ninety-three (34 females, 59 males) and 83 students (32 females, 50 males, 1 diverse) completed
the importance and feasibility ratings, respectively. Furthermore, students were asked to cluster all
98 answers (paper/pencil with answers printed on cards or online via the program Ariadne) in two
to ten self-titled topic groups based on similarities between answers, with at least two answers in
each; a “miscellaneous” pile was not allowed. Based on their individual ID code, each student used a
personal link to access the tasks in Ariadne. Eighty-four students (30 females, 53 males, 1 diverse)
completed the clustering task. Results from students who worked on the paper/pencil version were
entered into Ariadne by D.M.I.S.

2.2.2. Parents and Teachers

All concept mapping sessions for parents and teachers were conducted online at home, without
researchers’ supervision. Prior to each session, parents and teachers received an information letter.
During each working period per session, parents and teachers received a reminder asking them to
participate in the study, in case they had not done so already.

The first concept mapping session with parents and teachers took place in November and December
2019. Participants included 42 parents (34 females, 8 males) aged 47.8 ± 5.5 years and 27 teachers
(14 females, 13 males) aged 39.4 ± 10.9 years. During the first concept mapping session, parents and
teachers completed separate online questionnaires via the program Survalyzer. Each questionnaire
was structured in three sections (see Tables A3 and A4): (1) personal characteristics, e.g., age and
gender (see Tables A5 and A6), (2) a warm-up question (parents: why does or doesn’t your child
cycle to school?; teachers: why do or don’t your students cycle to school?), and (3) the main question
(parents: what does your child need to cycle to and from school daily?; teachers: what do your students
need to cycle to and from school daily?). The warm-up question served as an icebreaker to introduce
“cycling to school” to parents and teachers. For the main question, parents and teachers listed as
many answers as they could. After the first session, D.M.I.S. created lists that included all unique
answers provided by parents and teachers, respectively. The working process of D.M.I.S. was checked
by a second researcher (parents: P.W.; teachers: L.D.), and any discrepancies were resolved through
discussion. As a result, P.W./L.D. (checked by D.M.I.S. and C.V.) entered parents’ 90 and teachers’ 94
unique answers into Survalyzer.

Because they completed the online questionnaire at home, parents and teachers could not
participate in group brainstorming on the main question. Thus, in January 2020, an additional session
was conducted in which 29 parents (10 females, 4 males, 15 unknown) and 7 teachers (1 female,
4 males, 2 unknown) checked the clarity of answers to the main question. Furthermore, parents and
teachers could add new answers if inspired by other participants’ answers. After the second session,
D.M.I.S. revised and combined their answers where necessary, based on parents/teachers’ comments,
and created final lists that included all unique answers provided by parents and teachers, respectively.
The working process of D.M.I.S. was checked by a second researcher (parents: P.W.; teachers: L.D.),
and any discrepancies were resolved through discussion. As a result, D.M.I.S. entered revised lists of
90 parents’ answers and 94 teachers’ answers into Ariadne.

The third concept mapping session took place in February 2020, and was completed by 12 parents
(9 females, 2 males, 1 unknown) and 11 teachers (6 females, 5 males). Here, parents and teachers
rated all 90 and 94 answers listed online, via Ariadne, for both (a) importance and (b) feasibility on
a five-point Likert scale (1 = very unimportant/unfeasible, 2 = unimportant/unfeasible, 3 = neutral,
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4 = important/feasible, 5 = very important/feasible). Twelve parents (9 females, 2 males, 1 unknown)
and 10 teachers (5 females, 5 males) completed the importance and feasibility rating. Furthermore,
parents and teachers were asked to cluster all 90 and 94 answers listed online, via Ariadne, in two to
ten self-titled topic groups based on similarities between answers with at least two answers in each;
a “miscellaneous” pile was not allowed. Based on their individual ID code, each parent and teacher
used a personal link to access the tasks in Ariadne. The clustering task was completed by 11 parents
(9 females, 1 male, 1 unknown) and 10 teachers (5 females, 5 males).

2.3. Statistical Analyses and Interpretation of Concept Maps

Descriptive data from students, parents, and teachers as well as these groups’ statistical gender
differences (female vs. male) were analyzed using the program IBM SPSS Statistics 25 [29]. Additionally,
this program was used to determine the within and between variance of days per week students cycled
to the three participating schools by calculating an intraclass correlation coefficient (ICC) [30]. In the
development of future intervention designs, the ICC is relevant for dealing with potential variance
among participating schools.

Only students, parents, and teachers who reported their gender as female or male, and completed
at least one of the two rating tasks (importance or feasibility) or the clustering task were included in
analyses. The small number of fathers completing rating tasks (n = 2) and the clustering task (n = 1) did
not allow for separate data analysis. Each subgroup rated and clustered the same answers, and only
the analysis was stratified by gender using Ariadne. D.M.I.S. looked at all possible options of clusters,
illustrated in a hierarchical cluster tree, to define an adequate number of relevant clusters for the concept
map. A hierarchical cluster tree arranges all answers in one cluster at first and suggests how this cluster
can be further split into two, three, four, or more clusters based on how students, mothers, or teachers
clustered the answers. When considered necessary, items were reallocated into already existing clusters
(indicated by arrows) or newly created clusters (indicated by circles) to ensure plausibility of answers
in clusters. These procedures were checked by a second researcher (students: S.M.; parents: P.W.;
teachers: L.D.). Any discrepancies were resolved through discussion. Lastly, all clusters were named
according to suggestions by students, mothers, and teachers. For each cluster, average ratings of both
importance and feasibility were calculated and descriptively described. These average ratings were
based on the mean individual rating of all answers in each cluster. As Ariadne did not provide the
participants’ individual rating of all answers in each cluster, the appropriate statistical test for ordinal
data (U-test) was not applicable to analyze differences in ratings [31].

3. Results

3.1. Cycling Behavior in Students

In total, 87.8% of girls and 100% of boys owned a bicycle (see Table A2). However, 44.4% of girls
and 72.9% of boys cycled to school, but of these, 68.4% of girls and 62.7% of boys did not cycle to
school daily. Girls cycled to school on 1.6 ± 2.0 days a week and boys on 2.7 ± 2.0 days a week.

Within and between the three participating schools, the variance of days per week students cycled
to school, calculated with an ICC for 114 valid girls and boys, was 0.2 (high school in an urban area with
7th graders: 40 students; junior high school in a suburban area with 7th and 8th graders: 34 students;
junior high school in a suburban area with 8th graders: 40 students).

3.2. Concept Maps and Ratings

3.2.1. Students

The concept map of the 30 girls who completed the clustering task included the following five
clusters, illustrating their needs to cycle to school daily (see Figure A1): (1) “Bicycle and related
equipment” (30 answers), e.g., lock, bicycle, pump, helmet, bell, reflectors, lights, bicycle basket,
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repair kit; (2) “Way to school” (20 answers), e.g., less traffic and roadworks, crossing guards, (wide,
signposted, extra) cycle paths, (direct, shorter, simple, even) route; (3) “Requirements” (41 answers),
e.g., health and environmental awareness, fun, motivation and energy, breathing fresh air, good weather
conditions (no rain, warm temperatures), saving time, company of friends or classmates, later start of
school lessons, liking own bicycle; (4) “Cycle training” (2 answers), e.g., cycling test, ensure cycling
abilities; (5) “Social behavior in road traffic” (5 answers), e.g., more mutual respect, friendly car drivers,
paying attention to avoid accidents or dangerous situations.

The concept map of the 53 boys who completed the clustering task included the following four
clusters, illustrating their needs to cycle to school daily (see Figure A2): (1) “Bicycle and related
equipment” (33 answers), e.g., lock, bicycle, pump, helmet, bell, reflectors, lights, bicycle basket,
repair kit; (2) “Way to school” (23 answers), e.g., less traffic and roadworks, crossing guards, (wide,
signposted, extra) cycle paths, (direct, shorter, simple, even) route; (3) “Requirements” (38 answers),
e.g., health and environmental awareness, fun, motivation and energy, breathing fresh air, good
weather conditions (no rain, warm temperatures), saving time, company of friends or classmates,
later start of school lessons, liking own bicycle; (4) “Cycle training” (4 answers), e.g., cycling test,
ensure cycling abilities, paying attention to avoid accidents or dangerous situations.

All four and five clusters identified in boys or girls, respectively, were rated as either
unimportant/neutral or unfeasible/neutral on the Likert scale (see Table 1).

Table 1. Students’ clusters and ratings of importance and feasibility by gender.

Name of Cluster
Rating of Importance Rating of Feasibility

Girls (n = 34) Boys (n = 59) Girls (n = 32) Boys (n = 50)

Bicycle and related equipment 3.4 ± 1.2 3.1 ± 1.3 3.5 ± 1.2 3.5 ± 1.4
Way to school 3.1 ± 1.2 2.9 ± 1.2 2.9 ± 1.3 2.8 ± 1.3
Requirements 3.0 ± 1.2 3.0 ± 1.4 2.9 ± 1.3 3.0 ± 1.4
Cycle training 3.6 ± 1.2 3.4 ± 1.3 3.7 ± 1.2 3.5 ± 1.4

Social behavior in road traffic 3.3 ± 1.2 - 3.1 ± 1.3 -

Means ± standard deviation.

3.2.2. Mothers

The concept map of the nine mothers who completed the clustering task included the following
six clusters, illustrating their perceptions of what children and adolescents need to cycle to school
daily (see Figure A3): (1) “Bicycle and related equipment” (26 answers), e.g., lock, (cool) bicycle, (cool)
helmet, reflectors, (cool) signal clothing, (strip) lights, carrier systems, bicycle basket; (2) “Way to
school” (24 answers), e.g., road lighting, (wide) cycle paths, less traffic, (uncomplicated, interesting,
optimal) route, no large roadworks, crossing guards, combination of active and passive parts, speed
limit; (3) “Requirements” (13 answers), e.g., health (awareness), sense of safety, self-confidence,
knowledge of traffic rules, orientation skills, outdoor affinity, fitness, liking to cycle, cycling experiences;
(4) “Motivation and social aspects” (12 answers), e.g., company of friends, classmates, or siblings
(group trips with meeting points), sense of community, breathing fresh air; (5) “Role of the school”
(7 answers), e.g., storage facilities, no vandalism, cycling projects, lighter schoolbag; (6) “Role of
parents” (8 answers), e.g., trust, not taking the child to school by car, role models (obligatory helmet
wearing, outdoor affinity).

All six clusters identified in mothers were rated as either unimportant/neutral or unfeasible/
neutral/feasible on the Likert scale (see Table 2).
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Table 2. Mothers’ clusters and ratings of importance and feasibility (n = 9).

Name of Cluster Rating of Importance Rating of Feasibility

Bicycle and related equipment 3.5 ± 1.0 4.3 ± 0.7
Way to school 3.1 ± 1.0 2.9 ± 0.9
Requirements 3.5 ± 1.0 3.8 ± 0.7

Motivation and social aspects 2.5 ± 1.0 2.9 ± 0.9
Role of the school 3.5 ± 0.9 3.6 ± 0.9

Role of parents 2.9 ± 1.0 3.7 ± 0.9

Means ± standard deviation.

3.2.3. Teachers

The concept map of the five female teachers who completed the clustering task included the
following nine clusters, illustrating their perceptions of what children and adolescents need to cycle to
school daily (see Figure A4): (1) “Bicycle and related equipment” (20 answers), e.g., lock, (cool) bicycle,
(cool) helmet, reflectors, pump, lights; (2) “Motivation and social aspects” (15 answers), e.g., fun,
incentives (scoring system, tests, class contests), rewards (certificate, price), sense of community,
positive experiences in road traffic, sport interest, role models (friends, parents, teachers, siblings,
classmates), good weather conditions (no rain, warm temperatures); (3) “Awareness” (5 answers),
e.g., health and environmental awareness, cycling is cool (trendsetting), seeing the bicycle as sport
object and means of transportation; (4) “Financial aspects” (9 answers), e.g., financial support to
buy a bicycle and related equipment, appropriate clothing or a bicycle pool for cycle trainings at
school; (5) “Information and services” (10 answers), e.g., information about appropriate clothing
(rain jacket, pants) and carrier systems, repair service and bicycle flea market at school, information
evening on advantages (environment and climate, health and fitness, saving money for fuel and public
transport tickets, mobility, and independence), cycle training including traffic rules, kick-off event,
school projects; (6) “Way to school” (21 answers), e.g., road lighting, cycle paths, orientation skills,
less traffic around the school, cycle path guide, nice route, group trips with meeting points for friends,
speed limit; (7) “Storage and changing room” (8 answers), e.g., (roofed, monitored) bicycle rack, access
to changing rooms; (8) “Role of parents” (4 answers), e.g., not taking the child to school by car, support,
traffic education, confidence in child; (9) “Sense of safety” (2 answers), i.e., everyone can cycle to school.

The concept map of the five male teachers who completed the clustering task included the
following five clusters, illustrating their perceptions of what children and adolescents need to cycle to
school daily (see Figure A5): (1) “Bicycle and related equipment” (20 answers), e.g., lock, (cool) bicycle,
(cool) helmet, reflectors, pump, lights; (2) “Motivation, social aspects and awareness” (27 answers),
e.g., parents not taking the child to school by car, role models (friends, parents, teachers, siblings,
classmates), health and environmental awareness, cycling is cool (trendsetting), incentives (scoring
system, class contests), fun, parental support, group trips with meeting points for friends, rewards
(certificate, price), sense of community, positive experiences in road traffic, giving the feeling that
everyone can cycle, parental confidence in child, sport interest, seeing the bicycle as sport object
and means of transportation, good weather conditions (no rain, warm temperatures), saving time;
(3) “Financial aspects” (10 answers), e.g., financial support to buy a bicycle and related equipment,
appropriate clothing or a bicycle pool for cycle trainings at school; (4) “Information and services”
(12 answers), e.g., information about appropriate clothing (rain jacket, pants) and carrier systems,
repair service and bicycle flea market at school, traffic education (cycle training including traffic rules
and test), information evening on advantages (environment and climate, health and fitness, saving
money for fuel and public transport tickets, mobility and independence), kick-off event, school projects;
(5) “Infrastructure” (25 answers) including the “way to school” and “storage and changing room,”
e.g., (roofed, monitored) bicycle rack, road lighting, cycle paths, speed limit, less traffic around the
school, cycle path guide, access to changing rooms, nice route.
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All five and nine clusters identified in male or female teachers, respectively, were rated as either
neutral/important or unfeasible/neutral/feasible on the Likert scale (see Table 3).

Table 3. Teachers’ clusters and ratings of importance and feasibility by gender.

Name of Cluster

Rating of Importance Rating of Feasibility

Female Teachers
(n = 5)

Male Teachers
(n = 5)

Female Teachers
(n = 5)

Male Teachers
(n = 5)

Bicycle and related equipment 3.6 ± 0.8 3.7 ± 0.7 3.5 ± 0.7 3.4 ± 0.7
Motivation and social aspects 3.6 ± 1.0

3.6 ± 0.8
3.6 ± 0.9

3.5 ± 0.6Awareness 4.0 ± 0.9 4.0 ± 0.8
Financial aspects 3.3 ± 0.9 3.3 ± 1.0 2.8 ± 0.9 2.8 ± 1.1

Information and services 3.2 ± 1.0 3.4 ± 0.7 4.2 ± 0.8 3.7 ± 0.7
Way to school 3.6 ± 0.9

3.6 ± 0.9
3.3 ± 0.7

3.2 ± 1.0Storage and changing room 3.3 ± 1.2 3.6 ± 1.0
Role of parents 4.1 ± 0.7 - 3.6 ± 0.8 -
Sense of safety 4.3 ± 0.7 - 4.0 ± 0.4 -

Means ± standard deviation.

4. Discussion

Our concept mapping study analyzed factors needed by children and adolescents aged 12 to 15 in
Germany to ride their bicycles to school every day based on gender perspectives of students, parents,
and teachers. We found that every boy but not every girl owned a bicycle; this should be considered in
future interventions (e.g., provision of bicycles) because only students who own a bicycle can actually
cycle to school. Additionally, considerably more boys than girls cycled to school, in line with previous
research in Germany [11]. Despite asking a similar question in this study, however, cycling rates were
much higher (girls: 44.4% vs. 20.6%, boys: 72.9% vs. 23.8%) [11], suggesting that rates of cycling to
school might have changed from 2003–2006 [11] and 2019. Nevertheless, cycling to school was not a
daily habit in our sample, indicating room for improvement. Even though our low ICC, calculated for
the within and between variance of days per week students cycled to the three participating schools,
is in line with previously reported ICCs for group-randomized intervention designs (0.1 to 0.3 [32]),
very low ICCs of 0.05 or 0.01 can lead to a meaningful bias in the results of significance tests [30] due
to variances. Following this, researchers should keep a potential variance in mind when planning a
school-based bicycle intervention (i.e., several schools per intervention condition in group-randomized
designs). Contrary to our intention, we could not analyze fathers’ perspectives and compare them
with mothers’ data due to the small number of complete data for fathers. Between girls and boys,
we found one difference in clustering. Only girls clustered answers into “social behavior in road
traffic.” For each cluster, ratings of importance and feasibility were very similar in girls and boys.
Between female and male teachers, we found differences in four clusters. Male teachers classified
clusters into broader subjects, i.e., the cluster “motivation and social aspects” included “awareness”
and the cluster “infrastructure” included “way to school” as well as “storage and changing room.”
Only female teachers clustered answers into “role of parents” and “sense of safety.” For each cluster,
ratings of importance and feasibility were very similar in female and male teachers.

4.1. Clusters in Concept Maps

4.1.1. Similar Clusters in Concept Maps of Mothers and Students and Teachers Independent of Gender

The need for a “bicycle and related equipment” (e.g., lock, bicycle, helmet, reflectors, lights) was
stated by students, teachers, and mothers. When children and adolescents want to cycle to school,
the basic necessity of bicycle ownership is indisputable. As every boy and nearly every girl in our
sample owned a bicycle, providing all students in our sample with a bicycle in a future intervention
does not seem necessary. Regarding bicycle-related equipment, previous research remained unclear on
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whether “the equipment of a child’s bicycle is a potential determinant of cycling to school” [33] (p. 290).
Nevertheless, the only overall effective bicycle intervention in our recent systematic review [12] was
conducted in the USA and provided every child with a bicycle and related equipment (i.e., helmet,
lock, lights) prior to the beginning of the intervention [34,35]. In our study, girls rated a lock and
brakes as important equipment, whereas boys rated only a lock as important equipment. According to
German Road Traffic Licensing Regulations, researchers might provide specific equipment (i.e., a bell,
two independent brakes, two anti-slip and screwed-on pedals with two yellow reflectors shining to
the front and rear, white front and red rear light, two reflectors per wheel, white front, and a red rear
reflector [36]) to ensure the roadworthiness and safety of bicycles in an intervention.

Factors related to the “way to school,” such as less traffic (especially around the school),
(wide, signposted, extra) cycle paths, a cycle path guide, and an even route, were identified across all
concept maps of students, teachers, and mothers. Traffic density and type of cycle paths (e.g., evenness)
were reported as the most important factors for a cycling-friendly environment for children in previous
research [37]. In addition, a cycle path guide (e.g., parental accompaniment while cycling) was
positively associated with cycling behavior in children [38]. Comprehensive changes related to the
way to school in school-based interventions require the involvement of municipal stakeholders.

Personal needs were represented in the cluster of students as “requirements” (e.g., motivation,
company of friends or classmates), in the clusters of teachers as “motivation and social aspects” and
“awareness,” and in clusters of mothers as “requirements” and “motivation and social aspects.” Because
previous research also underlined the role of personal factors [39], it might be relevant to address
the three basic psychological needs “autonomy, competence, and relatedness” of Self-Determination
Theory [40] in future interventions with children and adolescents for long-term internalization of
cycling-to-school behavior.

4.1.2. Unique Clusters in Concept Maps of Students (In) Dependent of Gender

“Cycle training” (e.g., cycling test, ensure cycling abilities) was identified by both girls and
boys. To overcome barriers to cycle to school, cycle training is recommended by the “NZ Transport
Agency” [41]. However, results from a previous study demonstrated that providing only cycle
training on the school playground during physical education lessons was not effective in children’s
cycling-to-school behavior [42]. Following this, cycle training content should not only be chosen
carefully based on needs mentioned by students but should also be implemented in the natural
environment in future interventions to promote cycling to school.

The cluster “social behavior in road traffic” (e.g., more mutual respect, friendly car drivers, paying
attention to avoid accidents or dangerous situations) was mentioned only by girls. Besides theoretical
knowledge of traffic rules and practical cycling skills, social competences are considered essential for
responsible and anticipated participation in road traffic by the “Standing Conference of the Ministers
of Education and Cultural Affairs” (KMK) in Germany [43]. To acquire these competences, the KMK
assigns mobility and traffic education to schools [43]. The reason boys did not mention this cluster
might be explained by the observation in Germany that boys have a higher risk of injury in road traffic
(accidents) due to more risky behavior than girls [44]. Therefore, the topic “social behavior in road
traffic” is an important element in mobility and traffic education (especially for boys to reflect on the
impact of their gender role) [44].

4.1.3. Similar and Unique Clusters in Concept Maps of Mothers, and Teachers (In) Dependent of Gender

Mothers and female teachers mentioned the “role of parents,” e.g., not taking the child to school
by car. Several theoretical models, for example, the M-CAT [14] or the “Social-ecological model of
the correlates of active transportation” [45], consider parents’ role as supporters or decision-makers.
However, this role’s impact decreases as the child matures [14]. Additionally, the 12- to 15-year-olds
in our sample did not acknowledge their parents’ role. Therefore, future interventions for this age
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group should empower parents to support children’s need for autonomy, independence, and personal
responsibility regarding mobility.

In line with theoretical models [14,45], mothers mentioned the cluster “role of the school”
(e.g., storage facilities, no vandalism, cycling projects, lighter schoolbags). Additionally, the KMK has
defined the teaching and educational role of mobility and traffic in schools [43], but neither students nor
teachers acknowledged this. Therefore, the role of schools should be emphasized in future school-based
bicycle interventions.

Mentioned by both female and male teachers, “storage and changing room” referred, for example,
to a roofed and monitored bicycle rack or access to changing rooms. Even though students and mothers
did not identify this cluster, the lack of or poor quality changing rooms and bicycle racks in schools
have been previously reported to influence children and adolescents’ PA behavior negatively [19].
Students and mothers might not have identified this need if they were satisfied by conditions at their
school, but it might be relevant at schools with poor conditions.

Independent of gender, teachers identified the need for “financial aspects” (e.g., financial support
to buy a bicycle and related equipment, appropriate clothing, or a bicycle pool for cycle trainings
at school). In line with this, M-CAT states parents’ income as a relevant factor for ACTS [14].
However, mothers and students did not mention this cluster, so financial aspects might not be a major
issue for parents (who bear financial responsibility) or for students. Our assumption might be reflected
in students’ pervasive bicycle ownership because in our study sample, every boy owned a bicycle and
only 12.2% of girls did not. This also makes it unnecessary to provide an entire bicycle pool for cycle
training at the three participating schools.

Independent of gender, teachers identified the need for “information and services,”
e.g., information about appropriate clothing (rain jacket, pants) and carrier systems, repair service
and a bicycle flea market at school, an information evening on advantages (environment and climate,
health and fitness, saving money for fuel and public transport tickets, mobility and independence),
cycle training including traffic rules, a kick-off event, and school projects (bicycle tour, project
day). In grades 5 to 10 (students aged 10 to 15), the KMK explicitly mentions the provision of
informational manuals and materials (e.g., about environment and climate), implementation of
activities (e.g., ecological school trips), and cooperation with out-of-school partners (e.g., bicycle repair
shops) to promote students’ independent mobility [43]. However, provision of information and services
might be feasible but not crucial in the development of future school-based bicycle interventions.
Perhaps this is why students and mothers did not consider this need relevant.

Clusters between female and male teachers differed as only female teachers clustered answers
into “sense of safety,” i.e., giving the feeling that everyone can use a bicycle to engage in ACTS.
As an important barrier to ACTS, children’s personal safety fears were also identified in previous
research [39], and this cluster might be reflected in students’ identified needs for cycle training and
social behavior in road traffic. Thus, future school-based bicycle interventions should attempt to
establish feelings of safety among students.

4.2. Importance and Feasability

Across students, mothers, and teachers, Likert scale ratings of the degree of importance and
feasibility of their provided answers showed not a single extreme response, i.e., very (un) important or
(un) feasible. Participants noticeably tended to choose the unimportant/unfeasible or neutral rating
categories so that ratings were very similar. Undecidedness [46], lack of motivation [47] due to the
large number of participants’ answers (students: 98; parents: 90; teachers: 94) that had to be rated, or a
question not specific enough [48] might have led to this central tendency bias. Therefore, findings on
ratings should be interpreted with caution.
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4.3. Strengths and Limitations

Quantitative analysis of qualitative data in the concept mapping approach could be seen as
a strength of this study. Additionally, stratified gender analyses provide a deeper understanding
of different perspectives on what is needed for cycling to school. We found one and two unique
gender-dependent cluster(s) in students and teachers, respectively. A limitation might be that group
sessions were not conducted separately for females and males. Moreover, we could not include grades
7 and 8 in each session at every school since the schools decided the participating grades. Contrary to
our previous intention, teachers did not allow us to divide classes of 22 to 32 into smaller groups of 8
to 10 students. This made conducting sessions challenging in terms of personnel, time, and resources
(e.g., sufficient computers, stable internet connections) but led to a higher student recruitment rate
(i.e., planned: 48; recruited: 136), which is a major strength. In general, participants were interested in
the concept mapping sessions and liked getting involved by providing their opinions, which gave us
an insight into their perceptions. This might explain why we also exceeded our recruitment goals for
parents and teachers (58 and 29 instead of 25 each). Interestingly, more mothers than fathers contributed
to the concept mapping sessions. This gender bias in our online survey’s response rate aligns with
previous research [49] and might be explained by differences in perceived parenting responsibilities.
Due to small sample sizes as well as high drop-out rates of parents and teachers and to the few regions
sampled in Germany, our findings cannot be generalized and might differ in comparison with other
nations. Nevertheless, studies using the concept mapping approach in very small samples of five to
eight participants are not unusual [50].

Throughout our sessions, we were confronted with several difficulties. Participants complained
about the time-consuming involvement (e.g., too many answers), the type of survey (i.e., paper/pencil)
and other participants’ “absurd” answers (e.g., “I need training wheels”). Furthermore, non-native
speakers (e.g., refugees) struggled especially with the amount of information in German. Generally,
participants also found it difficult to separate ratings between importance and feasibility. In addition,
participants struggled with rating tasks when answers were not applicable to their situations
(e.g., students, whose parents were not worried, struggled how to rate “reduction of fear in parents”).
Due to technical failures that occurred throughout the sessions with both online programs (Survalyzer,
Ariadne), we could not ensure completeness of data (an inclusion criterion for Ariadne analyses).
Some of these difficulties might have led to a lowered willingness and motivation to participate,
thus possibly explaining the central tendency bias in importance and feasibility ratings and the
relatively high drop-out rates, particularly in parents (79.3%) and teachers (62.1%), in contrast with
students (26.5%).

4.4. Recommendations

Based on our experience from this study, we recommend modifying the concept mapping approach
for such a complex subject and/or for its application in large groups due to school rules. To achieve
participants’ maximum commitment and to reduce their burden, we suggest conducting all sessions
online (especially the clustering task), but in school groups supervised by researchers to ensure personal
contact. Another advantage of online sessions is the immediate digital availability of collected data,
which eliminates the risk of errors in transferring data manually. We further recommend removing
the second online session in which participants check the clarity of answers. Instead, the first online
session could be completed with a group brainstorming phase including a clarity check and a removal
of duplicates. To make “ACTS by bicycle” less complex for participants (i.e., fewer answers), the main
question in the first session could be specified according to factors in the “Social-ecological model of
the correlates of active transportation” [45] (e.g., the needs in terms of environmental factors only).
Still, to acquire a comprehensive picture of needs, the concept mapping approach could be conducted
for each factor of this model based on more specific questions in different samples (e.g., different
classes) in the same schools. Another possibility could be to restrict the number of answers to a more
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manageable number (e.g., 40 to 70) [51] by checking duplicates more strictly and combining answers
after session one.

To maintain participants’ motivation and to address their need for time efficiency, each provided
answer could be immediately rated for importance and feasibility. In the second study session,
we changed this when students received the paper/pencil version and reflected positive experiences
with the procedure. Future studies could optimize rating tasks to avoid central tendency bias and
inconclusive findings by replacing the five-point Likert scale with an even-point scale, i.e., a scale
without a midpoint, which forces participants to choose positively or negatively. Independent of
language skills, the majority of students had problems answering the question about frequency of
“cycling to school (days/week)” because they cycled every day in the summer but took the bus or
train in the winter. These seasonal differences align with previous Norwegian findings that reported
large variations in fall (52%), winter (3%), spring (51%) [52], and in summer (22%) compared to
winter (12%) [53]. Therefore, we highly recommend modifying this question to consider potential
seasonal variations in surveys and to take different weather conditions into account when developing
an intervention. Finally, the program Ariadne appeared to be prone to error and was perceived to be
user-unfriendly, so we recommend that this program be improved for future concept mapping studies.

5. Conclusions

This study provides insight into the perceptions of girls and boys, mothers, and female and male
teachers on what 12- to 15-year-old children and adolescents living in Germany need to cycle daily to
school. Between genders, we found more overall similarities than differences in clusters. Students and
teachers, independent of gender, and mothers mentioned the need for “bicycle and related equipment,”
“way to school,” and “personal factors.” Additionally, independent of gender, students identified
“cycle training” and teachers a “storage and changing room,” “financial aspects,” and “information and
services” as children and adolescents’ needs. Furthermore, girls identified the need for “social behavior
in road traffic,” mothers and female teachers the “role of parents,” and female teachers the “sense of
safety.” However, boys and male teachers did not mention these three needs. Only mothers clustered
the “role of the school.” Furthermore, we found bias in clusters’ importance and feasibility ratings and
could not draw final conclusions. Nevertheless, we hope that the combined perceptions complement
each other to support the uptake and long-term maintenance of ACTS by bicycle. Our findings can be
used to inform students, mothers, and teachers about their mutual perceptions and can help researchers
develop school-based interventions to promote daily cycling to school.
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Appendix A

Table A1. Overview of sections, questions, and response options of the first concept mapping session
with students.

Section Questions Response Option(s)

Personal characteristics

age (years) open-end

gender
(a) female
(b) male

(c) diverse

school’s region (a) urban
(b) suburban

school’s zip-code open-end

educational level (a) high school
(b) junior high school

class level (a) 7
(b) 8

bicycle ownership (a) yes
(b) no

ability to cycle (a) yes
(b) no

cycling to school (a) yes
(b) no

cycling to school (days/week) 0–5

shortest cycling distance home/school (km 1) open-end

Warm-up question Why do or don’t you cycle to school? open-end

Main question What do you need to cycle to and from school on a daily basis? open-end
1 km = kilometer.

Table A2. Personal characteristics of participating students by gender.

Personal Characteristics
Female
(n = 51)

Male
(n = 83)

p-Value 3 Diverse
(n = 2)

Response Rate
(N = 136)

Age (years in M ± SD 1) 13.1 ± 0.9 13.1 ± 0.9 0.778 13.0 ± 0.000 123

Educational level (school’s region)

0.156 136(a) high school (urban) 13 (25.5%) 31 (37.3%) 0 (0%)

(b) junior high school (suburban) 38 (74.5%) 52 (62.7%) 2 (100%)

Class level

0.267 136(a) 7th grade 22 (43.1%) 44 (53.0%) 0 (0%)

(b) 8th grade 29 (56.9%) 39 (47.0%) 2 (100%)

Bicycle ownership

0.004 ** 123(a) yes 43 (87.8%) 72 (100%) 2 (100%)

(b) no 6 (12.2%) 0 (0%) 0 (0%)

Ability to cycle

n.a. 4 123(a) yes 49 (100%) 72 (100%) 2 (100%)

(b) no 0 (0%) 0 (0%) 0 (0%)

Cycling to school

0.002 ** 117(a) yes 20 (44.4%) 51 (72.9%) 1 (50.0%)

(b) no 25 (55.6%) 19 (27.1%) 1 (50.0%)

Cycling to school (days/week in M ± SD 1) 1.6 ± 2.0 2.7 ± 2.0 0.003 ** 1.5 ± 2.1 116

Shortest cycling distance home/school (km 2 in
M ± SD 1)

3.3 ± 2.6 4.0 ± 3.1 0.307 8.0 ± 9.9 122

1 means ± standard deviation, 2 km = kilometer, 3 p-values were calculated for gender differences (female vs. male)
using U-test or Chi-squared tests, 4 n.a. = not applicable, ** = 0.01 ≥ p > 0.001.
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Table A3. Overview of sections, questions, and response options of the first concept mapping session
with parents.

Section Question(s) Response Option(s)

Personal characteristics

age (years) open-end

gender
(a) female
(b) male

(c) diverse

age of child (years)

(a) 12
(b) 13
(c) 14

(d) other

gender of child (a) daughter
(b) son

child’s school region (a) urban
(b) suburban

child’s school zip-code of child open-end

educational level of child (a) high school
(b) junior high school

class level of child (a) 7
(b) 8

bicycle ownership of child (a) yes
(b) no

child’s ability to cycle (a) yes
(b) no

cycling to school of child (a) yes
(b) no

cycling to school of child (days/week) 0–5

shortest cycling distance home/school of child (km 1) open-end

bicycle ownership (a) yes
(b) no

ability to cycle (a) yes
(b) no

work (days/week) 0–5

cycling to work (a) yes
(b) no

cycling to work (days/week) 0–5

shortest cycling distance home/work (km 1) open-end

Warm-up question Why does or doesn’t your child cycle to school? open-end

Main question What does your child need to cycle to and from
school daily? open-end

1 km = kilometer.
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Table A4. Overview of sections, questions, and response options of the first concept mapping session
with teachers.

Section Question(s) Response Option(s)

Personal characteristics

age (years) open-end

gender
(a) female
(b) male

(c) diverse

work experience (years) open-end

school’s region (a) urban
(b) suburban

school’s zip-code open-end

educational level (a) high school
(b) junior high school

class level of target group open-end

cycling to school of target group (%) open-end

cycling to school of target group (days/week) 0–5

bicycle ownership (a) yes
(b) no

ability to cycle (a) yes
(b) no

work (days/week) 0–5

cycling to work (a) yes
(b) no

cycling to work (days/week) 0–5

shortest cycling distance home/work (km 1) open-end

Warm-up question Why do or don’t your students cycle to school? open-end

Main question What do your students need to cycle to and
from school daily? open-end

1 km = kilometer.

Table A5. Personal characteristics of participating parents by gender.

Personal Characteristics
Female
(n = 35)

Male
(n = 8)

p-Value 3 Response Rate
(N = 43)

Age (years in M ± SD 1) 46.8 ± 5.1 52.1 ± 5.2 0.034 * 42

Age of child (years in M ± SD 1) 12.6 ± 0.7 13.0 ± 0.8 0.145 42

Gender of child

1 43(a) daughter (a) 12 (34.3%) (a) 3 (37.5%)

(b) son (b) 23 (65.7%) (b) 5 (62.5%)

Educational level (school’s region)
of child

1 43(a) high school (urban) (a) 15 (42.9%) (a) 4 (50.0%)

(b) junior high school (suburban) (b) 20 (57.1%) (b) 4 (50.0%)
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Table A5. Cont.

Personal Characteristics
Female
(n = 35)

Male
(n = 8)

p-Value 3 Response Rate
(N = 43)

Class level of child

1 43(a) 7th grade (a) 23 (65.7%) (a) 6 (75.0%)

(b) 8th grade (b) 12 (34.3%) (b) 2 (25.0%)

Bicycle ownership of child
n.a. 4 42(a) yes (a) 34 (100%) (a) 8 (100%)

(b) no (b) 0 (0%) (b) 0 (0%)

Child’s ability to cycle

n.a. 4 42(a) yes (a) 34 (100%) (a) 8 (100%)

(b) no (b) 0 (0%) (b) 0 (0%)

Cycling to school of child

1 40(a) yes (a) 22 (66.7%) (a) 5 (71.4%)

(b) no (b) 11 (33.3%) (b) 2 (28.6%)

Cycling to school of child (days/week
in M ± SD 1) 2.6 ± 2.3 3.1 ± 2.2 0.985 40

Shortest cycling distance home/school
of child (km 2 in M ± SD 1) 4.3 ± 3.2 5.2 ± 3.2 0.432 42

Bicycle ownership

1 42(a) yes (a) 33 (97.1%) (a) 8 (100%)

(b) no (b) 1 (2.9%) (b) 0 (0%)

Ability to cycle

n.a. 4 42(a) yes (a) 34 (100%) (a) 8 (100%)

(b) no (b) 0 (0%) (b) 0 (0%)

Work (days/week in M ± SD 1) 3.7 ± 1.5 4.9 ± 0.4 0.004 ** 42

Cycling to work

0.698 38(a) yes (a) 12 (40.0%) (a) 4 (50.0%)

(b) no (b) 18 (60.0%) (b) 4 (50.0%)

Cycling to work (days/week in
M ± SD 1) 1.3 ± 1.9 1.8 ± 2.2 0.549 38

Shortest cycling distance home/work
(km 2 in M ± SD 1) 13.0 ± 14.4 7.9 ± 5.5 0.676 39

1 means ± standard deviation, 2 km = kilometer, 3 p-values were calculated for gender differences (female vs. male)
using U-test or Chi-squared tests, 4 n.a. = not applicable, * = 0.05 ≥ p > 0.01, ** = 0.01 ≥ p > 0.001.
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Table A6. Personal characteristics of participating teachers by gender.

Personal Characteristics
Female
(n = 14)

Male
(n = 13)

p-Value 4 Response Rate
(N = 27)

Age (years in M ± SD 1) 43.3 ± 11.5 35.3 ± 8.9 0.068 27

Work experience (years in M ± SD 1) 15.2 ± 12.0 7.2 ± 5.6 0.068 27

Educational level (school’s region)

0.12 27(a) high school (urban) (a) 3 (21.4%) (a) 7 (53.8%)

(b) junior high school (suburban) (b) 11 (78.6%) (b) 6 (46.2%)

Class level of target group (min/max 2) 6–9 6–9 n.a. 5 27

Cycling to school of target group
(% in M ± SD 1) 40.0% 20.0% ± 15.8% 0.277 5

Cycling to school of target group
(days/week in M ± SD 1) 5.0 4.0 ± 0.8 0.264 5

Bicycle ownership

1 27(a) yes (a) 13 (92.9%) (a) 13 (100%)

(b) no (b) 1 (7.1%) (b) 0 (0%)

Ability to cycle

n.a. 5 27(a) yes (a) 14 (100%) (a) 13 (100%)

(b) no (b) 0 (0%) (b) 0 (0%)

Work (days/week in M ± SD 1) 4.1 ± 0.8 4.9 ± 0.4 0.008 ** 27

Cycling to work

0.107 26(a) yes (a) 6 (46.2%) (a) 10 (76.9%)

(b) no (b) 7 (53.8%) (b) 3 (23.1%)

Cycling to work (days/week in M ± SD 1) 1.6 ± 2.1 2.8 ± 2.2 0.127 26

Shortest cycling distance home/work (km
3 in M ± SD 1) 8.9 ± 7.8 13.0 ± 12.9 0.382 27

1 means ± standard deviation, 2 min/max =minimum/maximum, 3 km = kilometer, 4 p-values were calculated for
gender differences (female vs. male) using U-test or Chi-squared tests, 5 n.a. = not applicable, ** = 0.01 ≥ p > 0.001.

Figure A1. Concept map of girls (n = 30). Cluster 1: “bicycle and related equipment.” Cluster 2: “way
to school.” Cluster 3: “requirements.” Cluster 4: “cycle training.” Cluster 5: “social behavior in road
traffic.” A square indicates an original cluster, and a circle indicates a newly created cluster. An arrow
indicates reallocation of an answer (illustrated as a dot) into another cluster.
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Figure A2. Concept map of boys (n = 53). Cluster 1: “bicycle and related equipment.” Cluster 2: “way
to school.” Cluster 3: “requirements.” Cluster 4: “cycle training.” A square indicates an original cluster,
and a circle indicates a newly created cluster. An arrow indicates reallocation of an answer (illustrated
as a dot) into another cluster.

 
Figure A3. Concept map of mothers (n = 9). Cluster 1: “bicycle and related equipment.” Cluster 2:
“way to school.” Cluster 3: “requirements.” Cluster 4: “motivation and social aspects.” Cluster 5:
“role of the school.” Cluster 6: “role of parents.” A square indicates an original cluster, and a circle
indicates a newly created cluster. An arrow indicates reallocation of an answer (illustrated as a dot)
into another cluster.
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Figure A4. Concept map of female teachers (n = 5). Cluster 1: “bicycle and related equipment.”
Cluster 2: “motivation and social aspects.” Cluster 3: “awareness.” Cluster 4 “financial aspects.”
Cluster 5: “information and services.” Cluster 6: “way to school.” Cluster 7: “storage and changing
room.” Cluster 8: “role of parents.” Cluster 9: ”sense of safety.” A square indicates an original cluster,
and a circle indicates a newly created cluster. An arrow indicates reallocation of an answer (illustrated
as a dot) into another cluster.

Figure A5. Concept map of male teachers (n = 5). Cluster 1: “bicycle and related equipment.” Cluster 2:
“motivation, social aspects and awareness.” Cluster 3: “financial aspects.” Cluster 4: “information
and services.” Cluster 5: “infrastructure.” A square indicates an original cluster. An arrow indicates
reallocation of an answer (illustrated as a dot) into another cluster.
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Abstract: Purpose: The aim of this study was to determine the association between active transportation
and obesity indicators in adults from eight Latin American countries. Methods: Data from the ELANS
study, an observational multi-country study (n: 8336; 18–65 years), were used. Active transportation
(walking and cycling) and leisure time physical activity was assessed using the International Physical
Activity Questionnaire (long version). The obesity indicators considered were: body mass index,
and waist and neck circumference. Results: In the total sample, the average time dedicated to active
transportation was 24.3 min/day, with the highest amount of active transportation being Costa Rica
(33.5 min/day), and the lowest being Venezuela (15.7 min/day). The countries with the highest proportion
of active transportation were Ecuador (71.9%), and the lowest was Venezuela (40.5%). Results from linear
regression analyses suggest that active transportation was significantly and independently associated
with a lower body mass index (β: −0.033; 95% CI: −0.064; −0.002), but not with waist circumference
(β: −0.037; 95% CI: −1.126; 0.390 and neck circumference (β: −0.007; 95% CI: −0.269; 0.130). Conclusions:
Active transportation is significantly associated with a lower body mass index. Governments should
incentivize this type of transportation as it could help to reduce the obesity pandemic in Latin America.

Keywords: physical activity; active transportation; Latin America; obesity; body mass index;
waist circumference

1. Introduction

Approximately 39% of the world’s adults are overweight or obese [1]. In Latin America,
a prevalence of up to 60% of overweight and obesity has been reported [2], which is a considerable
burden for public health. There has been a consistent association between overweight and obesity and
cardiovascular diseases, diabetes, and some types of cancer [3]. Overweight and obesity and related
comorbidities are a global epidemic that may be mitigated by the adoption of healthier lifestyles,
including being physically active [4–6].

Many studies have shown that physical activity has extensive health benefits such as reducing
body weight, premature mortality, and cardiovascular disease risk [5,7]. The benefits of physical
activity has been extensively represented by leisure time, such as physical exercise, but evidence
shows that these benefits can also be obtained through walking or cycling, as “active travel” or “active
transportation” [8,9]. Active transportation has been demonstrated to be an excellent strategy for
increasing physical activity level, because it is a daily behavior, an opportunity to create a healthy habit
and relatively cheap alternative [10,11]. Besides, it can be integrated into everyday life particularly for
those not involved or interested in engaging in leisure time physical activity [12]. Strong evidence
demonstrates that physical activity related to active transportation is a crucial population-based
approach, which aims to reverse the health outcomes [8,9].

Over the past two decades, the Latin American region has experienced substantial economic
development due to high levels of urbanization (80%) and a unique structural, cultural and social
environment, and is actually by far the most unequal region in the world [13,14]. Latin American countries
are characterized by high population density patterns, the unregulated expansion of urban environments,
air pollution, high crime rates, high income inequality, high levels of poverty, and population aging,
which might inhibit physical activity [14–16]. Governments and nongovernmental organizations
have been adopting several policies such as building public park facilities, cycling infrastructure and
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intervention strategies for improving active transportation (e.g., bike-sharing programs) to promote
active transportation in Latin America [17–19].

Studies from Europe and the United States show that countries in which active transportation
increases show decreasing obesity rates. In fact, many studies provided a contribution to the literature
and filled several gaps of the association between active transportation and lower obesity indicators
(body mass index) in high-income [20–22]. However, there is limited evidence on the association of
active transportation and obesity indicators from Latin America representative samples [23]. In addition,
Latin America has a high prevalence of physical inactivity and overweight/obesity [2,24]. Therefore,
there is an urgent need to look for different strategies aiming to increase the active transportation
levels and decrease obesity in the Latin American region. The aim of this study was to investigate
the extent of the association between active transportation and obesity indicators in adults from eight
Latin American countries.

2. Materials and Methods

2.1. Study Design and Sample

The Latin American Study of Nutrition and Health (Estudio Latinoamericano de Nutrición y
Salud—ELANS) is a household-based cross-sectional survey that includes data collected from eight
Latin American countries: Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru, and Venezuela.
The study was based on a complex, multistage sample design, stratified by conglomerates, with all
regions of each country represented, and random selection of main cities within each region according
to the probability proportional to size method [25,26].

The sampling size required for necessary precision was calculated with a 95% confidence level
and a maximum error of 3.5% and a survey design effect of 1.75. The sample was stratified by
age, sex, and socioeconomic level. Socioeconomic levels were balanced based on national indexes
used in each country [26]. Households within each secondary sampling unit were selected through
systematic randomization. Considering quotas for age, sex and socioeconomic level, the selection
of the participant belonging to the domicile was made using 50% of the sample’s next birthday,
and 50% of the sample’s last birthday. Of the total sample of 9218 participants aged between 15 and
65 years, we included 8336 participants aged between 18 and 65 in this study. We excluded adolescents
(15 to 17 years old) from the analyses because the ELANS study did not consider the age range of
adolescents (10–19 years old) [27]. Additionally, adolescents may have restricted independent mobility
that may yield different environment–physical activity associations than those observed in adults [28].
In addition, physical activity guidelines for adolescents differ from adults [29]. The rationale and
design of the study is reported in more detail elsewhere [25].

All the study sites are academic-based (universities and other research institutions) and each site
adhered to a common study protocol for fieldwork implementation, interviewer training, data collection
and management, and the quality of control procedures. Data collection for ELANS took place from
September 2014 to February 2015. The ELANS protocol was approved by the Western Institutional
Review Board (#20140605) and registered at ClinicalTrials.gov (#NCT02226627). All participants of the
ELANS study provided written consent.

2.2. Exclusion Criteria

During enrolment for the study, participants were excluded if they had a major physical/mental
impairment that impacted on food intake and physical activity levels, were pregnant/lactating, and were
≤15 years old or ≥65 years old. For this study, we excluded participants <18 years of age from the total
sample, and subjects without at least one anthropometric variable.
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2.3. Active Transportation, Leisure Time and Total Physical Activity

The ELANS study employed the self-reported International Physical Activity Questionnaire-Long
Form (IPAQ-LF), which was a validated measure design for Latin America [30]. IPAQ was developed
to assess the physical activity levels of inhabitants from dissimilar countries [30,31]. We used a Spanish
version [32] and it was adapted for all eight participating ELANS countries [14].

The ELANS study only summarized scores for active transportation and leisure time physical
activity. The IPAQ-LF collected data on the reported frequency and duration (bouts at least 10 min
continuously) of active transportation (walking and cycling) and leisure time physical activity (walking,
moderate and vigorous physical activity) over the last seven days. Three outcomes for each domain
were calculated: (1) engaging at least 10 min in active transportation and leisure time physical activity
(yes, no); (2) how many days of physical activity in active transportation and leisure time physical
activity; (3) how much time spent completing physical activity in active transportation and leisure time
physical activity. Questions were asked separately for active transportation (walking and cycling),
and leisure time physical activity (walking, moderate-intensity, and vigorous-intensity activities).
Time spent in each domain was expressed as min/day.

2.4. Obesity Indicators

In each country, the obesity indicators (body weight, height, waist and neck circumferences) were
evaluated in light clothing and without shoes using standard procedures and equipment. Data were
collected by trained ELANS data collectors during a visit. Body weight (kg) and height (cm) were
measured using a calibrated electronic scale Seca 213® (Hamburg, Germany). The measurements were
taken during the end inhalation with the participant’s head in the Frankfort plane [33]. The body mass
index was calculated as the body weight divided by the square of body height (kg/m2). Participants were
classified as underweight: <18.5; normal weight: 18.5–24.9; overweight: 25–29.9; or obese: ≥30 kg/m2 [34].

A nonstretchable tape with an accuracy of 0.1 cm was used to evaluate circumferences.
Waist circumference was measured according to World Health Organization recommendations, i.e., with
the participants standing, after regular expiration, to the nearest cm, midway between the lowest rib and
the iliac crest on the horizontal plane with the subject in a standing position [34]. We used the “substantially
increased risk of metabolic complications” cutoff defined by World Health Organization, >102 cm for
men and >88 cm for women [34]. Neck circumference was measured in a plane as horizontal as possible,
immediately below the laryngeal prominence, while standing erect with eyes facing forward [35] and
was categorized as abnormal if the circumference was >39 cm for men and >35 cm for women [36].
All measurements were performed under strictly standardized conditions. Two measurements of the
obesity indicators were performed, and the mean used for the analyses.

2.5. Sociodemographic Variables

Sociodemographics items collected by all countries included age, sex and socioeconomic level.
Socioeconomic data were categorized into “low”, “medium”, and “high” based on the country specific
indices [26]. Age was dichotomized into “18–34”, “35–49”, and “50–65” years. Ethnicity was classified
as white, mixed (parents with dissimilar ethnicities) and other (Black, Asian, Indigenous, and Gypsy).

2.6. Statistical Analyses

Data were weighted considering sociodemographic variables, sex, age and socioeconomic level of
the Latin American population to enable comparability for totals across countries. This was completed
to have a representative sample of the adult population of each country. Descriptive statistics of
mean, percentage and the associated 95% confidence interval (95% CI) were used to describe the
sociodemographic obesity indicators (Table 1) and active transportation (Table 2). A Chi-square test
was carried out to evaluate if there was a significant association between active transportation with the
control variables mentioned before. For descriptive and categorical analysis, the self-reported time
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spent on active transportation was stratified into the following two categories: nonactive transportation
(including those who reported nonwalking or cycling as part of their transportation) and active
transportation (including those who reported ≥10 min of walking and/or cycling for transportation).
A Pearson correlation was used to assess the association of active transportation with obesity indicators.

Table 1. Sociodemographic and obesity indicators of the population according to active transportation categories.

Variable and Category
Nonactive Transportation (%)

(<10 min of Walking and/or Cycling)
Active Transportation (%)

(≥10 min of Walking and/or Cycling)

n (%) 3733 (44.8) 4603 (55.2)
Country

Argentina 565 (48.8) *** 592 (51.2) ***
Brazil 889 (48.6) *** 941 (51.4) ***
Chile 353 (44.3) *** 443 (55.7) ***

Colombia 482 (42.7) *** 646 (57.3) ***
Costa Rica 255 (35.7) *** 460 (64.3) ***
Ecuador 195 (28.1) *** 500 (71.9) ***

Peru 390 (39.0) *** 609 (61.0) ***
Venezuela 604 (59.5) *** 412 (40.5) ***

Sex
Men 1744 (44.5) 2176 (55.5)

Women 1989 (45.0) 2427 (55.0)
Age (years)

18–34 1733 (44.0) 2203 (56.0)
35–49 1179 (45.9) 1388 (54.1)
50–65 821 (44.8) 1012 (55.2)

Socioeconomic level
Low 1953 (45.1) 2375 (54.9)

Medium 1428 (44.5) 1782 (55.5)
High 352 (44.1) 446 (55.9)

Ethnicity
White 1442 (49.5) *** 1470 (50.5) ***
Mixed 1764 (42.1) *** 2429 (57.9) ***
Other 341 (41.9) *** 472 (58.1) ***

Body mass index (Kg/m2)
<18.5 99 (45.8) *** 117 (54.2) ***

18.5–24.9 1249 (42.7) *** 1679 (57.3) ***
25–29.9 1305 (43.9) *** 1665 (56.1) ***
≥30 1079 (48.6) *** 1143 (51.4) ***

Waist circumference (cm)
≤102 (M) or 88 (W) 2408 (43.5) *** 3132 (56.5) ***
>102 (M) or 88 (W) 1324 (47.4) *** 1472 (52.6) ***

Neck circumference (cm)
≤39 (M) or 35 (W) 2430 (43.7) ** 3132 (56.3) **
>39 (M) or 35 (W) 1303 (47.0) ** 1471 (53.0) **

Figures as percentages if not stated otherwise. Chi-square tests were used for distributions. ** p ≤ 0.01; *** p ≤ 0.001.
M: men; W: women.

Table 2. Correlation between active transportation and obesity indicators per country.

Country
Body Mass Index (Kg/m2) Waist Circumference (cm) Neck Circumference (cm)

r p-Value r p-Value r p-Value

Full sample −0.196 <0.001 −0.199 <0.001 −0.121 0.048
Argentina −0.235 <0.001 −0.194 <0.001 −0.104 0.901

Brazil −0.155 0.015 −0.182 <0.001 0.113 0.555
Chile −0.184 0.015 −0.200 0.004 0.128 0.413

Colombia −0.227 <0.001 −0.195 <0.001 −0.129 0.328
Costa Rica −0.221 <0.001 −0.251 <0.001 −0.159 0.099
Ecuador −0.138 0.302 −0.158 0.118 −0.114 0.702

Peru −0.217 <0.001 −0.202 <0.001 −0.168 0.027
Venezuela −0.231 <0.001 −0.244 <0.001 −0.184 0.006
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For the calculation of the CI, an asymptotic method (wald) was used based on a normal distribution.
In addition, linear regression models (β; 95% CI) per country were used to verify the relationship of
active transportation (10 min/day of active transportation as the independent variable) with body mass
index, waist circumference and neck circumference (dependent variables). Our first model (model 1)
was adjusted for sex, age, socioeconomic level, and ethnicity. The second model was additionally
adjusted for sex, age, socioeconomic level, ethnicity, and leisure time physical activity. We also adjusted
for leisure time physical activity (min/day) to examine whether the associations with time spent in
active transportation were independent of time spent leisure time physical activity. All analyses were
made using R-studio version 1.2.5033 [37,38]. The significance level was set at p < 0.05.

3. Results

The average response of the surveys was 99.4%, with a range between 98.5% and 99.8%,
corresponding to Peru and Ecuador, respectively. The average time dedicated to active transportation was
24.3 min/day in the total sample (those who reported nonwalking or cycling as part of their transportation).
Considering the full sample, the country with the highest amount of active transportation was Costa Rica
(33.5 min/day), and the lowest was Venezuela (15.7 min/day). When the nonactive transportation group
(those who reported nonwalking or cycling as part of their transportation) was excluded, the average
was 41.6 min/day. Costa Rica still had the highest amount of active transportation (50.3 min/day),
while Venezuela had the shortest time (35.6 min/day). The average time spent on leisure time physical
activity was 16.6 min/day (95% CI: 15.3; 17.9) for the group that did not engage in active transportation.
Meanwhile, for the group that does at least 10 min of active transportation, it was 35.2 min/day
(95% CI: 33.3; 37.1) (p < 0.001).

Table 1 shows a descriptive analysis of the sample, dividing the sample into those who did not
complete active transportation from those who did. There was a significant association between
country and active transportation (p < 0.001). The country with the highest proportion of active
transportation was Ecuador (71.9%), and the lowest was Venezuela (40.6%). There were no statistically
significant differences in the proportion of active transportation between men and women, age groups,
or socioeconomic level. On the other hand, the white ethnic group had a lower proportion of
active transportation than the other groups (p < 0.001). When comparing the proportion of active
transportation by body mass index, it was observed that the prevalence of active transportation was
lower among overweight and obese participants than those with normal body mass index (56.1% and
51.4% vs. 57.3%) (p < 0.001). The same difference is observed for waist and neck circumference,
where a lower proportion of active transportation was observed among those with increased indicators
compared to those with a normal waist and neck circumference (56.5% vs. 52.6% and 56.3% vs. 53.0%,
respectively) (p < 0.001).

The correlation between the active transportation and obesity indicator (body mass index, waist and
neck circumference) by country is shown in Table 2. Body mass index and waist circumference were
weakly and negatively associated with all countries (except Ecuador); however, the highest correlation
value was Argentina and Venezuela. Furthermore, there was a weak and negative association between
active transportation and neck circumference in the full sample—Peru and Venezuela (p < 0.05).
The highest correlation value was Venezuela. Active transportation was not associated with neck
circumference in Argentina, Brazil, Chile, Colombia, Costa Rica, and Ecuador.

We also conducted two different specifications for every regression model to investigate the
association between active transportation and obesity indicators as continuous variables (Table 3).
The first model, adjusted for sex, age, socioeconomic level, and ethnicity, showed that active
transportation was significantly associated with a lower body mass index and waist circumference,
but not with neck circumference. In the second model, including leisure time physical activity,
active transportation was significantly associated only with a lower body mass index. An increase of
10 min regarding active transportation per day resulted in a−0.033 Kg/m2 change in the body mass index.
No statistical association was found between active transportation with waist and neck circumference.
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4. Discussion

This is the first multi-country study with a representative sample of Latin Americans to determine
the extent of association between active transportation and obesity indicators in adults. In general,
we demonstrated that a greater amount of time on active transportation was associated with a lower
body mass index. This association was independent of age, sex, socioeconomic level, ethnicity and
leisure time physical activity. These are novel results that reflect what has been reported in some
countries and multinational studies [21,39].

Our findings are compatible with other studies that reported a lower body mass index associated
with active transportation [40,41]. Flint et al. [42] studied the association of active commuting and
body mass index in a cross-sectional study of more than 15,000 people in the United Kingdom.
Active commuting was associated with a lower body mass index—0.97 Kg/m2 and 0.87 Kg/m2 in
men and women, respectively. Later, the same author [21] showed similar results in a cross-sectional
study of more than 264,000 middle-aged adults. They found a lower body mass index—1.0 Kg/m2 and
0.67 Kg/m2 in men and women, respectively. Laverty et al. [39] carried out a multinational study of
six middle-income countries, with more than 40,000 participants. They found that ≥150 min/week of
active transportation was associated with a lower body mass index of 0.54 Kg/m2. Wojan et al. [43]
searched for this association in the United States in a study of 12,405 adults. They found that active
commuting produced an average treatment effect of −1.83 Kg/m2.

Different from previous studies [39,41], we did not find an association between active transportation
and waist circumference. This was observed when the analysis was adjusted for leisure time physical
activity (model 2), indicating a potential co-existence of physical activity in these different contexts and
reinforcing a stronger association of leisure time physical activity with waist circumference compared to
transport physical activity. Concerning neck circumference, although studies have found associations
with moderate to vigorous physical activity [44], their relationship with active transportation in adults
has not been describe before. Here, we observed that active transportation was associated with a lower
neck circumference in Costa Rica and Peru only, which can be related to the higher prevalence of active
transportation in these countries. However, further studies are needed in order to explore specific
amounts and intensities of transport physical activity associated with obesity indicators.

We found that the mean time spent in active transportation was 24.3 min/day. Latin America has
low levels of active transportation compared to European countries, such as Germany or Sweden [45–47].
Only about one-fifth of the time for transportation is spent in active transportation in Latin America [13].
This is especially important considering that 27% to 47% of people in Latin America do not achieve the
physical activity recommendations for health [47]. In a previous study, we showed that the prevalence
of physical inactivity (<150 min/week) was 40.6% (95% CI: 38.8, 42.5); ranging from 26.9% (Chile) to
47% (Costa Rica and Venezuela). Physical inactivity was greater in Argentina (43.7%; 95% CI: 38.1, 49.5),
Brazil (43.5%; 95% CI: 39.4, 47.7), Costa Rica (48.0%; 95% CI: 42.1, 53.9) and Venezuela (47.1%; 95% CI:
42.1, 52.3) [47]. In this context, promoting public policies aimed to encourage this type of transport, as it
can help more people achieve the physical activity recommendation for health [43]. This could help to
significantly decrease the disease burden associated with physical inactivity [5,48]. Other countries
have estimated that moderate increases in active transportation lead to savings in national public health
services. For example, in the United Kingdom, it was found that an increase of 1 km in walking and
3 km in cycling per day would save £17 billion for the national health system in 20 years [49].

Moreover, those who change their mode of commuting gain weight if they shift from cycling or
walking to car travel, but lose weight when shifting from cars to active commuting [50]. Martin et al. [40]
showed that changing from private transport to active commuting decreased body mass index by
0.32 Kg/m2. Conversely, shifting from active commuting to private transport increased body mass index
by 0.34 Kg/m2. As established before, urban factors impact on the choice of transport modality [13,23].
One of the strategies to increase active transportation in the population is to invest in creating
neighborhoods and cities that favor this type of transport [18,23]. This could be a key to reducing the
obesity pandemic that exists in Latin America and the world. Several countries in this region have
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invested in infrastructure to encourage the use of active transportation—as is the case of some cities,
such as Bogotá in Colombia, which invested in creating exclusive bike paths [18]. Our results are
consistent with the findings reported in high-income countries. Therefore, they are generalizable to
some extent for other middle-income countries.

The strengths of this study include the large sample from eight Latin American countries and
standardized objective anthropometric indicators (body mass index, waist circumference and neck
circumference). Given that a representative sample of these countries was studied, these results
can be extrapolated to the rest of the adult population of these eight Latin American countries.
Waist circumference is a well-established indicator of central obesity, a key factor in cardiovascular
disease risk and metabolic syndrome [51]. While neck circumference is an indicator, which is still under
study [36,52,53], its relationship with active transportation had not been previously reported in adults.

Within the limitations, we found that part of the sample (418 participants, 5.01%) was not classified
by ethnicity. When using a subjective active transport measurement (IPAQ), there may be reporting
bias [54]. From the four domains of physical activity, only the active transportation and leisure time
physical activity sections were included. This decision was made for two reasons: (i) due to the greater
relevance of these domains for targeted physical activity programming and policy efforts [30] and (ii)
the weak validity of occupational and home-based physical activity questions [55]. The cross-sectional
design of this study limits generalizability and limits conclusions regarding of causality. There is a
possibility of reverse causality and residual confusion; it could be that obese people less actively travel.

5. Conclusions

This study supports that active transportation is significantly associated with a lower body mass
index. Incentive active transportation could help to reduce the obesity pandemic and help more
people to meet physical activity recommendations in Latin America. These findings are consistent
with existing evidence from other regions of the world. For these reasons, the generation of public
policies aiming to promote active transportation in Latin America should be prioritized.
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Abstract: The objective of this study was to describe the profile of bicycle users, their perceived
difficulty to cycle, and the most frequent trip origins and destinations in Aracaju, Northeast Brazil.
Our cross-sectional study sampled 1001 participants and we collected information through structured
interviews. Aged ≥15 years, participants were residents of all Aracaju’s neighborhoods and used
a bicycle for commuting to work or for leisure. We observed that bicycle users in Aracaju are
predominantly employed male subjects, aged between 18 and 40 years, and were the heads of
their households. Most of the them reported “work” as the main reason for their bicycle trips
and, “health” and “practicality” aspects as their main motivations for using bicycles. In general,
the neighborhoods in the north and center of the city were identified as the most difficult for cycling,
and the easiest trips occurred in places with cycle paths. As a conclusion of this study, we reaffirm
the need for intersectoral actions that create favorable environments for active commuting and more
sustainable cities.

Keywords: transportation; exercise; sedentary behavior; urbanization; city planning

1. Introduction

Increased physical inactivity is currently a major challenge in several countries [1], mainly due to
its association with an increased risk of chronic noncommunicable diseases, such as cardiovascular
diseases, different types of cancer, and mental disorders [2,3]. Most people do not comply with
the minimum recommended levels of physical activity to prevent diseases and to protect health,
i.e., according to the World Health Organization’s physical activity guidelines [4]. In this sense,
the adoption of different strategies to provide an active lifestyle emerges as the most viable alternative
for the promotion of physical activity [1,5], such as changes in the urbanized environment of cities to
enable active commuting [6].

Given that commuting is seen as a daily practice among adult populations and that at least 30 min
a day are spent on this activity [7], active alternatives, such as the use of bicycles, can be applied as a
strategy to increase total physical activity. Commuting by bicycle provides additional benefits, such as

IJERPH 2020, 17, 7983; doi:10.3390/ijerph17217983 www.mdpi.com/journal/ijerph

255



IJERPH 2020, 17, 7983

contributing to air and noise pollution reduction, increasing social engagement, and reducing road
traffic injuries [8–12]. Active commuting by bicycle can be considered as an accessible and relatively
“easy” way to promote physical activity among different age groups (children, adults, and older
adults) [13–16] and cultures/countries [17,18]. However, despite the relevance of this approach, there is
limited information about the effectiveness of these strategies or even the adherence of the population
to them, particularly in low- and middle-income settings [19–21].

Previous studies report the influence of individual and environmental variables on the use of
bicycles for transport, including sex, age, economic status, and education, in addition to proximity
between the point of origin and the destination [19,22–24]. In the Brazilian context, the accessibility
of bicycle use as a means of transport is a topic of discrepancy. Reis, et al. [25] compared the
prevalence of bicycle use for transportation among three cities in different states and regions of Brazil,
observing differences between Recife (Pernambuco, Northeast, 16.0%), Curitiba (Paraná, South, 9.6%),
and Vitória (Espírito Santo, Southeast, 8.8%). In another study conducted in Rio Claro (São Paulo,
Southeast), Teixeira, et al. [26] found a much greater prevalence of bicycle use for transportation
(28.3%). Although it seems clear that men, younger adults, and lower education/economic status were
associated with greater use of bicycles for transportation [8,25–27] in both studies, some specificities
should be considered in the low- and middle-income contexts. For example, Reis, et al. [25] observed a
higher prevalence of bicycle use in the city with the highest crime rate (Recife), which was not expected.
However, this was also the city with the lowest human development index, highest unemployment
rate, and social inequalities, suggesting that bicycle use could not be an option in low-income regions.
Thus, understanding the profile of bicycle users and their relations with specific characteristics of the
cities is justified in order to provide better conditions for those who already use the bicycle, and to
create opportunities for other population subgroups to use bicycles for transport.

Aracaju city (Sergipe, Northeast) is known as of the first Brazilian capitals to implement the
proposal for mobility on bicycles in 2005 (implementing networks of cycle paths and on flat land).
However, only 11.9% of the population reported active commuting (walking and cycling) in 2018 [28],
and there is no available information on the use of the bicycle for transport. Given that Aracaju’s street
design favors the use of bicycles for commuting, studies on bicycle flow within available structures
would contribute to the development of strategies for urban planning, acting as an important way to
increase health, environment, and sustainability indicators in that context. However, information about
bicycle users, their perceptions about the city, and the most frequent trip origins and destinations could
foster public policies in urban planning. Thus, we researched the profile of bicycle users, their perceived
difficulty to cycle, and the most frequent origins and destinations of bicycle travel in Aracaju, Brazil.

2. Methods

2.1. Design

We used a cross-sectional method, carried out in Aracaju, Brazil. Aracaju is the state capital of
Sergipe, with about 657 thousand inhabitants (2019), and a Human Development Index of 0.770 (2010).
The population’s average income in 2010 was 3.1 times the minimum wage (approximately USD 200)
and 56.6% of public spaces were forested [29].

2.2. Sample and Data Procedures

The information in this study was obtained from the “Origin and Destination of Biking Trips in the
City of Aracaju, Survey,” over a one-year period (June 2014 to June 2015). The survey was conducted
with bicycle users that were approached personally in all 40 neighborhoods of the city, respecting the
proportionality of the population of each neighborhood [29]. The structured interviews were conducted
by 17 trained advisors on weekdays, from 2:00 PM to 7:00 PM. This convenience sample consisted of
1001 bicycle users. The city neighborhoods were organized into bordering zones (north, south, central,
and expansion). It is important to note that the set of neighborhoods, communities, and villages that
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make up the Expansion Zone have been incorporated to Aracaju by legal decision. All participants
were provide with information about the objectives of the study, which was conducted in accordance
with the ethical standards of the institutional and/or national research committee, respecting the 1964
Helsinki Declaration and its further amendments, or comparable ethical standards. The study was
approved by the Ethics Committee of the Federal University of Sergipe (CAAE: 16418619.7.0000.5546).

2.3. Instrument

The questionnaire used was prepared by the nongovernmental organization “Associação Ciclo
Urbano—Aracaju,” consisting of 23 items and divided into (a) cyclist profile: sex (male and female),
age (categorized into five age groups: up to 18 years, 18 to 30 years, 30 to 40 years, 40 to 50 years, and
over 50 years), and family role (head of family, spouse, child, or relative); (b) socioeconomic information:
work status (employed and not employed), educational level (below upper secondary„ secondary,
and above secondary), activity sector (commerce, industry, construction, education, and health),
monthly income (up to one minimum wage and above one minimum wage), and automotive vehicle
ownership (yes or no); (c) characteristics of the origin and destination of trips made by bicycles:
reason for the trip (work, school, leisure, shopping, and others), location of origin and destination
(Aracaju neighborhood), region’s access conditions (easy, difficult), bicycle parking conditions (public,
paid parking, and free parking), motivation to ride a bicycle (health, practicality, leisure, economic,
and two options), departure and arrival period of the day (morning, afternoon, and night), time
spent commuting (0 to 15 min, 15 to 30 min, 30 to 45 min, 45 to 60 min, and over 60 min), whether
the destination is a different neighborhood (yes or no), and the type of trip origin and destination
(nonrecreational or recreational).

2.4. Statistical Analysis

Descriptive information was presented using absolute and relative frequencies. To compare the
profile of bicycle users with Aracaju’s population, we restricted the analysis to adult participants and
used the information provided by the Brazilian 2013 National Health Survey, which is the closest
survey to the reference year with representative information of the adult population of Aracaju [30]
(% and 95% confidence intervals). The perception analysis of cycling difficulty in neighborhoods was
determined by the relative frequency of citations used (easy or difficult). Absolute frequencies of
commuting between neighborhoods were used to verify the main trip origin and destination, and
the main neighborhoods cited as the origin or destination. Main trip origins and destinations were
defined as those representing at least 0.9% of the total mentioned. The Aracaju Mobility Master Plan
(2016) was used to identify bike lanes that were implemented until 2015. Finally, the information was
presented in the form of a map with an origin and destination analysis. It was carried out using a
cross-reference table to check the main neighborhoods in which there was a greater flow of bicycle users
entering and leaving, in addition to identifying the main trip origin and destination of the interviewees.
The maps were built using the CorelDRAW Graphics Suite 2019 software (Corel Corporation, Ottawa,
ON, Canada). All analyses were performed using SPSS 22.0 software (IBM, Armonk, NY, USA).

3. Results

Table 1 shows information on bicycle user profiles. It shows that the sample was predominantly
composed of men, aged 18 to 40 years, who were heads of their households and were employed. Most
reported schooling at primary and secondary levels, and work in civil construction and health sectors;
66.7% reported “work” as the main reason for their travel. Most individuals reported not having their
own automotive vehicle and having income of up to one minimum wage. Most participants reported
“healthy” and “practicality” as their main motivation to ride a bicycle.
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Table 1. Characteristics of Bicycle Users and Aracaju’s Population.

Variable
Bicycle Users

% (n)
Population *
% (CI 95%)

Sex
Female 11.5 (102) 55.1 (50.0 to 60.1)
Male 88.5 (782) 44.9 (39.9 to 50.0)

Age
18–30 34.5 (305) 26.1 (21.8 to 30.8)
30–40 30.8 (272) 24.1 (19.9 to 28.7)
40–50 20.5 (181) 19.2 (15.6 to 23.4)
>50 14.3 (126) 30.7 (26.3 to 35.4)

Family Role
Head of Family 60.9 (538) -

Spouse 14.0 (124) -
Child 19.5 (172) -

Relative 5.7 (50) -

Work status
Employed 88.9 (786) 54.2 (49.3 to 59.2)

Not employed 11.1 (98) 45.7 (40.8 to 50.7)

Education
Below Secondary 54.3 (480) 38.9 (34.1 to 43.8)

Secondary 32.0 (285) 39.3 (34.5 to 44.2)
Beyond Secondary 13.7 (121) 21.9 (17.9 to 26.5)

Activity Sector
Commerce 20.7 (179) -
Industry 10.0 (79) -

Construction 33.9 (268) -
Education 2.8 (22) -

Health 30.6 (242) -

Monthly Income
Up to one minimum wage 78.7 (695) -
Above one minimum wage 21.3 (189) -

Automotive Vehicle Ownership
No 78.4 (693) 49.0 (44.0 to 54.1)
Yes 21.6 (191) 51.0 (45.9 to 56.0)

Reason for Trip
Work 66.7 (590) -

School 2.9 (26) -
Leisure 12.7 (112) -

Shopping 6.4 (57) -
Others 11.2 (99) -

Motivation to Ride a Bicycle
Health 26.4 (229) -

Practicality 25.3 (219) -
Leisure 7.5 (65) -

Economic 19.3 (167) -
Two options 21.5 (186) -
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Table 1. Cont.

Variable
Bicycle Users

% (n)
Population *
% (CI 95%)

Time Spent Commuting
0 to 15 min 22.7 (200) -
15 to 30 min 36.4 (321) -
30 to 45 min 18.1 (160) -
45 to 60 min 13.9 (123) -
>60 min 8.8 (78) -

Is your destination a different neighborhood?
Yes 82.6 (730) -
No 17.4 (154) -

Type of Trip Origin and Destination
Nonrecreational 96.6 (854) -

Recreational 3.4 (30) -

Note: Time spent commuting refers to the total time spent commuting from the place of departure to destination.
CI = confidence interval. * Based on the Brazilian 2013 National Health Survey.

Figure 1 presents the perceived degree of difficulty for cycling in city neighborhoods. In general,
Center (23%) and Porto Dantas (13%) were pointed out as neighborhoods in which cycling was the
most difficult for cycling, while 13 de Julho (14%), Atalaia (13%), Siqueira Campos (13%), and Jabotiana
(12%) were cited as the ones in which cycling was the easiest.

Figure 1. Perception of the difficulty of cycling in Aracaju/Sergipe.

Figure 2 shows the most frequent trip origins and destinations among the participants. The main
destination was Santa Maria neighborhood (10.9%), followed by Atalaia (5.3%), Farolândia (5.7%),
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and Santos Dumont (6%). Regarding the trip origin and destination, Center (6.6%), Farolândia (5.9%),
and Siqueira Campos (5.6%) were the most reported. In addition, there is a greater tendency to
move toward neighborhoods close to the point of departure, with 23% of the total trips occurring
within the neighborhood of origin (especially the José Conrado (50%) and the Expansion Zone (77%)
neighborhoods).

Figure 2. Main Trajectories of Bike Riders in Aracaju/Sergipe.

4. Discussion

This study aimed to describe the profile of bicycle users, their perceived difficulty to cycle, and
the most frequent trip origins and destinations in the city of Aracaju. The results indicated that (1) the
60-km cycle paths distributed in the city of Aracaju serve mostly men, younger adults, and people with
lower educational levels, as compared with the population of Aracaju; (2) the use of active commuting
is associated with going to work, especially in the lowest income group; (3) most bicycle users move
from central to peripheral areas; and (4) the majority of the participants spent an average of 15 to
30 min (per cycling trip). This information is vital to develop strategies to improve current bicycle
user conditions and to create new opportunities for less represented population groups, especially in
developing countries.
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Bicycle user profiles differed greatly from those of Aracaju’s population in general, which reinforces
the fact that some population subgroups are more inclined to use bicycles for transportation. The initial
results confirm data from previous studies in Brazilian cities showing a similar bicycle user profile,
including a higher proportion of adult young men [8,25–27]. This behavior in men is associated with
a duality in terms of stimuli directed at boys and girls in childhood, with a tendency to maintain
these habits in adulthood [31], culminating in less use of bicycles by women in particular and less
engagement in physical activities in general. Another factor is the perception of safety, which tends to be
different between sexes, making factors related to “lack of lighting during commuting,” “driver-cyclist
behavior in traffic,” and “public insecurity” great obstacles, especially among women [16,32]. Some
studies [8,26] also showed greater use of bicycles among workers in areas with a higher representation
of men (e.g., construction and industry).

Considering that most participants who traveled by bicycle did not own automotive vehicles—a
proportion higher than that observed in the population of Aracaju (78.4% vs. 49.0%)—the socioeconomic
structure of the population may be a factor that explains these results. In previous studies, this
factor has already been negatively associated with levels of active transport [33] and were observed
more frequently in low-income regions. Bicycles tend to be a “cheaper” mode of transport due to
inaccessibility of a private vehicle, high fares, and lack of quality in public transport.

Safety issues in public transport and the lack of adequate infrastructure for bicycle use tend to
“disable” environments that favor walking or cycling as means to travel to work [34]. Our results
indicated that, in general, the districts of the North and Central Zones were identified as the most
difficult to cycle in, which may be associated with the fact that most of the Aracaju cycle system is
concentrated in the South Zone [35]. In previous studies, not having bike paths, conservation of streets
and avenues, car traffic, and rough surfaces were examples of variables that could impact bicycle users’
perception of neighborhoods [36,37].

The origin and destination of the trips indicated greater commuting from central areas to peripheral
areas of the city. One of the possible explanations may be associated with the growth in investments in
civil construction, industry, and commerce in the South Zone of the city, leading people to move to the
peripheral regions of the city for work. In addition, a large part of the participants reported working
in these sectors (33.9%, 20.7%, and 10.0%, for construction, commerce, and industry, respectively).
Another explanation for these results could be the data collection times, which were concentrated in
the afternoon and may represent the commute home from work. It was noted that the most frequently
cited trip origins and destinations by respondents (Figure 2) involved commuting between adjacent
or nearby neighborhoods. Previous studies identified that distances under 10 kilometers were more
feasible to retain the use of the bicycle as a means of daily commuting [38–40]. In the present study,
the most participants spent an average of 15 to 30 min (per trip) on daily commuting. This behavior
shows a viability threshold for this mode of transport and can offer health benefits [41]. Other actions
could improve and facilitate the use of cycle paths. The equitable distribution of schools, jobs, and
sectors necessary for day-to-day activities can help people from places with longest trip origins and
destinations [42,43].

The practical application of the study is to use this data as an aid in producing public policies
to improve the infrastructure of cycle paths and expand cycle routes. Understanding the behavior
and profile of bicycle users may also inform political decisions regarding active transport and urban
planning. Although this was a nonrepresentative sample and interviews are likely to provide report bias,
this study analyzes the profile and characteristics of trip origins and destinations and the perception of
bicycle users in a specific social, economic, and climate context regarding active commuting.

5. Conclusions

Bicycle users are predominantly represented by men, aged between 18 and 40 years, from low
income families in Aracaju, Brazil. In general, the use of active commuting is associated with going to
work, mainly because this form of transport is more practical and healthier than public and private
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transport. The study reported a tendency of travel from central to peripheral areas, which may be
associated with the workplaces. Considering that some bicycle users report the economic factor as
a motivation to use bicycles and that women and adolescents are underrepresented in this scenario,
the present study reaffirms the need for intersectoral actions to enable the construction of a safer city
through expansion of bicycle networks with safe dimensions and accessibility.
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Abstract: It is widely proven that being physically active and avoiding sedentary behaviour help to
improve adolescents’ well-being and keep them in better health in general. We aimed to investigate the
relationship between modes of transport to school and subjective complaints among schoolchildren.
Analyses were based on the HBSC (Health Behaviour in School-aged Children) surveys conducted
in 2017/18 in nine countries (N = 55,607; mean age 13.43 ± 1.64 yrs.). The main outcome showed
that health complaints consisted of somatic and psychological complaints. Transport to school was
characterized by mode of getting there (walking, biking, or another passive mode). A total of 46.1%
of students walked and 7.3% cycled to school; 46.6% commuted by passive means. Biking to school
was more frequent in Denmark (37.9%), Norway (26.5%), and Germany (26.6%). The multivariate
generalized linear model adjusted for age, gender, country, and school proximity showed that biking
to school is protective against reports of health complaints. The beta parameters were equal to −0.498
(p < 0.001) for the general HBSC-SCL index, −0.208 (p < 0.001) for the somatic complaint index,
and −0.285 (p < 0.001) for the psychological complaints index. Young people who actively commute
to school are less likely to report health complaints, especially psychological symptoms.

Keywords: physical activity; wellbeing; active transport; youth; school; mental health;
psychosomatic complaints

1. Introduction

Improving the health of young people is currently one of the priority areas of public health
activities. For this reason, it is worth paying attention to non-specific health complaints, which are lately
more often communicated by young people [1]. They are described in the literature as “psychosomatic
complaints” and include physical symptoms such as backache, headache, and abdominal pain, as well
as mental symptoms including fatigue, irritability, or difficulty falling asleep [2]. Non-specific health
complaints may also occur due to unhealthy everyday habits, i.e., sleep deficits [3,4], cigarette smoking,
or sitting for too long in front of a TV or computer screen [5].

A physically active life and avoiding long episodes of sedentary behaviour help prevent
non-specific health complaints and improve well-being among adolescents [6–8]. A study involving
over 171,000 teenagers from 37 countries revealed that young people who lead physically active,
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healthy lifestyles experience psychosomatic symptoms less frequently [9]. In particular, the protective
functions of physical activity are well established in the context of mental health [10]. Physical activity
goes far beyond sports. According to WHO recommendations, moderate to intense physical activity is
important, including daily activities that require energy expenditure, such as cleaning, walking upstairs,
or active transport to school (ATS) [11]. A key to changing to a more active lifestyle is to implement
more physical activity into daily life, including active travel, which does not require financial costs or
making huge changes in one’s course of everyday life. [12]. Over the last two decades, studies have
shown that ATS plays a significant role in improving adolescent health in many countries [13–15].
Existing studies have focused mainly on walking and cycling as two forms of active transport [16].
Cycling to school enables young people to meet the WHO recommendations for daily physical activity
to a greater extent [17], reduces the risk of obesity [18], improves overall body fitness, and ensures
proper blood circulation [19]. ATS also strengthens positive effects on mental health, helping students
perform better in school. This positive effect on mental well-being is significant, as is the joy that
physical activity generates and the contact with nature while walking or cycling. It is assumed
that ATS can help one build a sense of independence and self-confidence as well as concern for the
environment [20].

However, ATS has changed throughout the last decades. Several decades ago, walking to school
was the norm in most societies [21], while in more economically developed countries today, children
are usually “chauffeured” or driven to school in their parents’ cars [22]. A British study showed a
9% drop in walking to school in 1975–1994 among children aged 5–10 [23]. A similar tendency was
recorded in Switzerland, indicated by a 7% decrease in ATS rates among children aged 6–14 between
1994 and 2005 [24]. A 20% decrease in ATS rates was recently recorded in Czechia among adolescents
aged 11–15 years [25]. However, a gender difference is well established in active travel, showing that
boys are more likely to walk or cycle to school than girls [26]. Moreover, there is a clear link between
age and the declining prevalence of ATS [27]. Furthermore, ATS seems to vary by socio-ecological
determinants, as patterns of ATS differ between countries according to geographical and cultural
backgrounds [26]. Finally, when analysing ATS, the distance to school is one of the strongest predictors
for the likelihood of undertaking ATS [28].

When analysing the international literature, we were not aware of any study on the relationship
between modes of transport to school and psychosomatic complaints of adolescents in international
samples. This contribution refers to data from the international HBSC (Health Behaviour in School-aged
Children) study. The HBSC Symptom Check List (HBSC-SCL) has been part of the HBSC questionnaire
since the beginning. Gender and age-related demographic determinants and selected psychosocial
and behavioural correlates, including those related to physical activity, have been extensively
discussed [4,5,7,10]. To our knowledge, no research on the protective effect of active transport to
school has been conducted so far based on HBSC data. The authors of this paper assume that this
could be a valuable contribution in this matter. We examine the relationship between non-specific
somatic complaints among adolescents and ATS for nine European countries of various geographical
backgrounds. We hypothesize that ATS is significantly associated with psychosomatic complaints in
adolescents and that the protective effect of cycling is greater than that of other forms of ATS, including
walking. The aim of the study was to investigate the relationship between modes of transport to school
and subjective complaints among schoolchildren. We have set the following research questions:

1. Are there cross-country differences in terms of active transport to and from school?
2. Do young people who use active forms of transport to school report psychosomatic complaints

less frequently?
3. Does cycling reduce the incidence of psychosomatic complaints in adolescents more than other

forms of active transport to school?
4. Do difficulties in getting to school by active transport moderate the above relationships (duration

of travel)?
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2. Materials and Methods

The HBSC network provides data on health behaviour and outcomes for children and adolescents
from 49 countries over a four-year study period. Our data are derived from the last survey cycle
of the international HBSC research carried out in the 2017/18 school year. HBSC has developed as
a unique mandatory tool for psychosomatic complaints in children and adolescents. For the 2018
study wave, nine member states optionally collected data on ATS. The international sample of the
countries covering the topic of ATS and psychosomatic complaints includes 56,834 individuals from
nine countries and regions: Azerbaijan (N = 4582), Czechia (N = 11,553), Denmark (N = 2837), Germany
(N = 4147), Ireland (N = 3806), Norway (N = 2759), Poland (N = 5191), Scotland (N = 4892), and Wales
(N = 15,840). Surveys were conducted in schools according to a standardized procedure described
in the international research protocol [29]. The response rate on the student level varied by country,
from 53.7% in Germany to 99.3% in Azerbaijan.

The international sample consisted of 49.3% boys and 50.7% girls. The percentage of boys ranged
from 47.3% (Germany) to 50.6% (Ireland). Students were categorized into three age groups: 11-year-olds
(35.4%), 13-year-olds (34.6%), and 15-year-olds (30.0%). The mean age was 13.43 years (SD = 1.64) and
ranged from 13.05 in Norway to 13.59 in Poland.

2.1. Variables

2.1.1. Psychosomatic Complaints

Psychosomatic complaints were self-reported. The HBSC Symptom Checklist (HBSC-SCL)
includes eight symptoms and is a validated scale that has been used for all HBSC study waves
throughout the HBSC process [30]. The adolescents reported how often they had experienced particular
complaints in the last 6 months according to a 5-category response scale (from rarely or never to
almost daily), coded from 0 to 4. The total (HBSC-SCL) scale range is 0–32 points. We also created
two independent indexes: (1) somatic complaints (HBSC-SCL_S) including headache, abdominal
pain, back pain, and dizziness, and (2) psychological complaints (HBSC-SCL_P) including depression,
nervousness, irritability or bad mood, and difficulty sleeping. These both had index ranges of
0–16 points. Higher scores on individual scales represent greater psychosomatic complaints. In the
combined international sample, the HBSC-SCL index has a single-factor structure with reliability of α
= −0.804. The HBSC-SCL_S and HBSC-SCL_P indexes are also homogeneous and have a reliability of
0.673 and 0.744, respectively. The percentage of missing data was 3.8% for the entire HBSC-SCL scale
and for subscales was 2.8% (HBSC-SCL_S) and 3.4% (HBSC-SCL_P).

2.1.2. Active Transport to School

Students self-reported how they usually get to and from school. There were five mutually exclusive
categories of answers: (1) on foot; (2) by bicycle; (3) by bus, train, tram, or metro; (4) by car, motorbike,
or scooter; and (5) other means. For this study, three groups of students were identified, creating a
single variable based on their answers about getting to school and back home. In the absence of data
on a one-way route, students were categorized based on the second type of available information.
Individual categories of this variable are:

• walking–if the bicycle was not used and the student usually walked at least one way;
• riding a bicycle–if the bicycle was used at least one way;
• not using active transport–other cases, assumed to be passive ones.

Moreover, the travel to school difficulty index (TSDI), ranging from 1 to 10 points, was defined as
an important covariate to control for this effect as the impact of difficulties in active commuting to
school which may translate into increased school stress. This index is a measure of the interaction
between a typical mode of transport and how long it takes to get to school (estimated only one way).
This type of index was assumed to be an approximate measure of the location of the school in relation
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to home. It illustrates the difficulties with commuting, which may translate into increased school
stress. The index ranges from 1 to 10, with “1” indicating a short duration (<5 min) by car and “10”
indicating a trip more than 30 min by car. Three experts independently scored the TSDI taking into
account the duration of the travel to school and the means of transport. A common version was then
discussed and accepted. The TSDI index was created especially for this study. The description of
coding rules and definition of the Travel to School Difficulty Index (TSDI) index are given in Table S1
in Supplementary Materials.

2.2. Statistical Analysis

To characterize the description of the sample, we used a chi-square test to compare the categories
of ATS in groups according to gender, age, and country. The correlation between the symptom indexes
and the TSDI variable was examined with the Spearman coefficient.

Kolmogorov–Smirnov test for normality (with Lilliefors correction) indicated that all applied
scales were not normally distributed: SCL_T: KS = 0.11, p < 0.001; SCL_S: KS = 0.18, p < 0.001; SCL_P:
KS = 0.13, p < 0.001; TSDI: KS = 0.16, p < 0.001). So, non-parametric analyses were conducded.

The mean values of the SCL_T, SCP_S, and SCL_P indexes were compared in groups of active and
passive commutes to school using a nonparametric Kruskal–Wallis test. Similar calculations for each
of the nine countries are provided as supplementals.

We used a generalized linear model (the GENLIN procedure of the SPSS software, IBM SPSS
Statistics for Windows, Version 25.0, IBM Corp: Armonk, NY, USA) in the multivariate analysis and
included gender, age group, country, or region and the predominant way of reaching school according to
the three predefined categories as predictors of successive complaint indexes. The reference categories
were as follows: 15-year-olds, girls, students from Azerbaijan, and young people not using active forms
of transport from or to school. We also estimated models specific to the nine countries, presenting the
values of beta parameters at levels related to active transport (walking, biking).

3. Results

3.1. Prevalence of Psychosomatic Complaints

The burden of non-specific psychosomatic complaints is presented in Table 1. In the total sample
of students from three grades, the average overall symptom index (HBSC-SCL) was 8.28 ± 6.52 (median
7.00) and ranged from 5.64 in Azerbaijan to 9.15 in Poland. Similarly, the two sub-indexes (HBSC-SCL_S
and HBSC-SCL_P) had the lowest values in Azerbaijan and the highest in Germany and Poland. Girls
reported psychosomatic complaints significantly more often than boys. This applies to the general
index and its two domains. In the international sample, the mean HBSC-SCL indexes were 7.12 ± 5.88
for boys and 9.39 ± 6.90 for girls (p < 0.001). Significant differences among girls were noted in all
countries except Azerbaijan. The lack of gender-related differences in that country mainly concerned
the HBSC-SCL_S subscale (p = 0.270), because in the case of the HBSC-SCL_P sub-scale, the results
were already significant, although at the border of statistical significance (p = 0.044).

There was also a clearly increasing burden of psychosomatic symptoms in subsequent age groups.
The mean overall HBSC-SCL_T index was as follows: 11-year-olds, 7.00± 5.97; 13-year-olds, 8.40 ± 6.54;
and 15-year-olds, 9.56 ± 6.80 (p < 0.001). Age-related differences were statistically significant in all
nine countries. This was confirmed for the overall HBSC-SCL_T index as well as the HBSC-SCL-S and
HBSC-SCL-P sub-indexes (data not shown).
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Table 1. Mean indices of psychosomatic complaints reported by students from nine countries.

Country
/WHO Region

HBSC-SCL 1

(n-53491)
HBSC-SCL_S 2

(n-54052)
HBSC-SCL_P 3

(n-53741)

Mean SD Mean SD Mean SD

Azerbaijan 5.64 6.87 2.40 3.44 3.22 4.06
Czechia 8.33 5.82 2.66 2.73 5.63 3.89

Denmark 7.80 5.96 2.91 3.05 4.86 3.71
Germany 8.16 5.89 3.58 3.18 4.56 3.52
Ireland 8.32 6.57 3.07 3.22 5.18 4.05
Norway 7.48 5.98 2.72 2.96 4.72 3.69
Poland 9.15 6.48 3.08 3.09 6.02 4.29

Scotland 8.50 6.87 3.15 3.37 5.31 4.26
Wales 8.89 6.91 3.36 3.37 5.49 4.34
Total 8.28 6.52 3.04 3.19 5.20 4.14

1 HBSC-SCL–total index of psychosomatic symptoms; 2 HBSC-SCL_S–index of somatic symptoms;
3 HBSC-SCL_P–index of psychological symptoms.

3.2. Active Transport to School

In total, almost half of the respondents (46.6%) reported using passive forms of commuting to
school. The results of the chi-sq test indicate that there is a statistically significant association between
countries and active transport to school (chi-sq (1, N = 55,607) = 14,942.61, p < 0.001). The proportion
ranged from 16.5% in Azerbaijan to 68.4% in Ireland. Almost the same number of students reported
walking to school, as the proportion was 46.1%, ranging from 25.4% in Denmark to 81.2% in Azerbaijan;
7.3% of students reported using a bicycle as a means of transport. Students in Denmark (37.9%),
Norway (26.5%), and Germany (26.6%) were more likely to cycle to school than young people from
other countries (Table 2). The difference between countries is significant at p < 0.001 (chi-sq = 14,942.6;
df = 16).

Table 2. Characteristics of commuting to school in nine countries.

Country
/WHO Region

Means of Transport (%)
(N-55607)

Level of TSDI 1

(N-55409)

Passive Walking Biking Mean SD

Azerbaijan 16.5 81.2 2.3 4.37 1.94
Czechia 35.0 62.1 2.9 4.29 1.88

Denmark 36.7 25.4 37.9 4.34 1.81
Germany 54.6 18.9 26.6 4.97 1.94
Ireland 68.4 27.9 3.7 3.78 2.05
Norway 33.8 39.8 26.5 4.52 1.82
Poland 41.1 52.8 6.1 4.32 2.00

Scotland 46.8 51.8 1.4 4.10 1.98
Wales 62.3 36.5 1.2 4.64 2.11
Total 46.7 46.1 7.3 4.41 2.00

1 TSDI–transport to school difficulty index.

The total sample showed an association between the gender and age of respondents and the use
of active transport on the way to school. Girls use active forms less often, and boys ride bicycles more
frequently (chi-sq (2, N = 55,607) = 325,12, p < 0.001). Moreover, 11-year-old students are also more
active on their way to school than the two older age groups. The frequency of using a bicycle as a
means of transport decreases with age (chi-sq (4, N = 55,256) = 223.90, p < 0.001).

On the TSDI, ranging from 1 to 10, the surveyed young people assessed the level of complexity of
reaching their schools at 4.41 points on average (SD = 2.00). As presented in Table 2, the TSDI values
ranged from 3.78 in Ireland to 4.97 in Germany (F(8,55400) = 139.12; p < 0.001)). Mean results were
similar for boys and girls (4.42 vs. 4.4; t(55407) = 0.999; p = 0.318). However, their values were higher
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in the two older age groups (13- and 15-year-olds) as compared to the 11-year-olds (13-year-olds:
4.07 ± 1.94, 4.55 ± 2.00, and 4.66 ± 2.02, respectively; F(2,55066) = 456.40; p < 0.001).

3.3. Psychosomatic Complaints in Relation to Mode of Transport to School

In total, the highest values of the general index HBSC-SCL and two partial indexes were reported
by adolescents who did not use any forms of active transport (Table 3, Table S2). The values of all three
indexes were lower in the group of people walking to school and were the lowest in the case of cycling.
For the general index (SCL_T) and that of psychological complaints (SCL_P), differences were found
depending on the modes of AST in eight countries (except Scotland), while for SCL_S, differences were
significant in six countries (Azerbaijan, Czechia, Denmark, Ireland, Germany, and Norway).

Table 3. Psychosomatic complaints according to mode of transport to school in the combined sample
from nine countries.

Transport to School
SCL_T 1 SCL_S 2 SCL_P 3

Mean SD Mean SD Mean SD

Passive mode 8.57 6.57 3.18 3.24 5.34 4.15
Walking 8.15 6.57 2.94 3.16 5.17 4.20
Biking 7.27 5.72 2.76 2.97 4.48 3.58

Kruskal–Wallis test - - -
Chi-sq 141.22 133.28 125.52

df 2 2 2
p <0.001 <0.001 <0.001

1 SCL_T–total index of psychosomatic symptoms; 2 SCL_S–index of somatic symptoms; 3 SCL_P–index of
psychological symptoms.

The level of difficulty in getting to school measured by the TSDI correlated significantly with
the indexes of complaints, but the values of respective Spearman’s correlation coefficients were low
(for HBSC-SCL, rho = 0.070; for HBSC-SCL_S, rho = 0.066, and for HBSC-SCL_P, rho = 0.061). The only
country showing no statistically significant correlation between HBSC-SCL_T and TSDI was Denmark.
The highest correlation coefficients of TSDI with HBSC-SCL_T were recorded in Ireland (rho = 0.151),
Scotland (rho = 0.107), and Poland (rho = 0.076). Relatively higher values of Spearman’s correlation
coefficients were also observed in Ireland in relation to the sub-indexes HBSC-SCL_S (rho = 0.134) and
HBSC-SCL_P (rho = 0.137).

Table 4 presents a comparison of groups differing in the mode of AST, taking into account age,
gender, country, and the TSDI. The results of the generalized linear model indicate that gender and age
are significant predictors of psychosomatic complaints. Using Azerbaijan as the reference category
(i.e., the country where young people report subjective complaints the least frequently), HBSC-SCL
values increased in the remaining eight countries and were the highest in Poland and Wales. Cycling
to school remains a factor in reducing HBSC-SCL values. Walking to school did not significantly affect
the variability of HBSC-SCL after adjusting for other factors (p = 0.086). An increase in TSDI values by
one unit increased the HBSC-SCL value by 0.210.

In analogous generalized linear models estimated for partial indexes (unpublished data),
the protective effect of cycling to school was maintained. When the dependent variable was the somatic
complaint index, the value of parameter B for the variable relating to cycling was −0.208 (SE = 0.0580)
–p < 0.001. In the model for mental complaints, the value of parameter B with the variable relating
to cycling was −0.285 (SE = 0.0749)–p < 0.001. In the first case, walking to school was not found to
significantly influence the variability of HBSC-SCL_S (beta = 0.020; p = 0.499). In the second case,
complaints of a psychological nature (HBSC-SCL_P) increased slightly in the group who reported
usually walking (beta = 0.080; p = 0.035).

It is also worth mentioning that the protective effect of ATS varies by country. Table 5 shows
the beta linear regression coefficients estimated in specific models for nine countries. It includes
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results adjusted for gender, age, and TSDI modification. The protective effect of cycling to school was
significant in four countries (Czechia, Denmark, Germany, and Norway), while the protective effect of
walking was only evident in Azerbaijan.

Table 4. Generalized linear regression model for total index of psychosomatic symptoms (HBSC-SCL)
estimated on the combined sample from nine countries (N-53016).

Parameter B SE(B) Wald Statistics df p

(Constant) 6.940 0.1342 2675.525 1 0.000
Age category

11 yrs −2.402 0.0682 1238.425 1 0.000
13 yrs −1.165 0.0674 298.659 1 0.000

15 yrs (ref.)
Gender

Boys −2.252 0.0546 1704.425 1 0.000
Girls (ref.)

Mode of transport to school
Walking 0.102 0.0596 2.941 1 0.086
Biking −0.498 0.1181 17.790 1 0.000

Passive mode (ref.)
TSDI 1 0.210 0.0139 228.058 1 0.000

Country/WHO region
Czechia 2.702 0.1130 571.464 1 0.000

Denmark 2.542 0.1595 253.785 1 0.000
Germany 2.486 0.1429 302.617 1 0.000
Ireland 2.925 0.1445 409.642 1 0.000
Norway 2.270 0.1579 206.752 1 0.000
Poland 3.534 0.1307 731.153 1 0.000

Scotland 3.027 0.1333 516.126 1 0.000
Wales 3.304 0.1113 882.060 1 0.000

Azerbaijan (ref.)
(Scale) 39.075 0.2400

1 TSDI—transport to school difficulty index.

Table 5. Beta parameters related to the effect of active transport to school estimated by country-specific
generalized linear regression models for total index of psychosomatic symptoms (HBSC-SCL).

Country
/WHO Region

Effect of Biking Effect of Walking

Beta SE p Beta SE p

Azerbaijan 0.190 0.7377 0797 −1.426 0.2783 <0.001
Czechia −0.669 0.3368 0.047 −0.112 0.1164 0.337

Denmark −0.593 0.2589 0.022 0.619 0.2864 0.031
Germany −0.707 0.2109 0.001 0.309 0.2416 0.202
Ireland −0.142 0.5667 0.802 0.934 0.2346 <0.001
Norway −0.867 0.3005 0.004 −0.207 0.2664 0.436
Poland −0.323 0.3839 0.400 0.169 0.1826 0.357

Scotland 0.085 0.8315 0.919 0.234 0.1945 0.230
Wales 1.303 0.5152 0.011 0.327 0.1132 0.004

4. Discussion

The aim of the study was to examine whether ATS reduces the prevalence of non-specific
psychosomatic complaints in adolescents from nine countries or regions of the WHO European region.
We analyzed a sample of 56,834 students aged 11–15 surveyed in the HBSC round 2017/18. Adjusted
for other factors, cycling showed a protective effect against psychosomatic complaints in Czechia,
Denmark, Germany, and Norway, and walking showed a protective association for children and
adolescents in Azerbaijan. The analyses of the protective function of active transport highlighted several
issues. Above all, it is clear that ATS enhances adolescent health. This supports the main hypothesis
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of the paper—that ATS is significantly associated with psychosomatic complaints, depending on
cross-country differences. Thus, this contribution is part of a wide range of international research
on active transport as an important element of describing the current situation regarding the health
and activity levels of adolescents [29]. According to our knowledge and the international literature,
there have been no studies verifying to what extent active transport is associated with non-specific
psychosomatic complaints in adolescents, though many studies have shown a positive association
with cardiovascular, weight-, and fitness-related outcomes in adolescents. There are also some studies
of adult populations showing protective effects in terms of depression and the relationship between
ATS and adolescents’ mental health, defined as well-being [31,32].

ATS, as well as engaging in any physical activity, depends largely on culture, family education,
and the promotion of a healthy lifestyle at school and in the community. It is also influenced by
the level of socio-economic development of a given country [33]. In countries of higher economic
status, such as Germany or Denmark, young people are more likely to use bicycles thanks to better
infrastructure. In these countries, young people can use bicycle paths, and schools have designated
storage spaces for bicycles [34], enhancing the sense of security. According to our analyses, cycling
(not walking to school) has the greatest impact on non-specific somatic complaints in these countries.
We might also argue that adolescents in countries with less developed economies walk more often,
and therefore, walking to school is not an additional part of overall physical activity and does not
show health benefits. A small percentage of teenagers use bicycles, which makes it difficult to estimate
health effects of cycling to school among this age group. Walking may be the result of an informed
decision or the absence of a public transport network. Azerbaijan turned out to be the only country
where walking to school protected against psychosomatic complaints.

In analysing the differences between countries adolescent ATS frequency, it is worth bearing
legislation in mind. For example, age limits apply to children going to school or riding bicycles
independently. In Poland, a 9-year-old child with parental consent may return home on foot, but by
bicycle only if they have a bicycle card, starting at the age of 13. Public transport and school
buses provided by municipalities can provide attractive alternatives or leave young people from the
countryside with no choice.

An interesting finding of our analyses is the negative relationship between age and the frequency
of cycling to school. The decline in this mode of AST in older years may result from the general
age-related decline in physical activity, but also from school changes. After moving to a secondary
school, students often need to travel to another town or cover a longer distance within a particular
city [35]; this finding is in accordance with other studies [18] in terms of the TSDI, which is our measure
of interaction between the time needed to get to school and the means of transport. Adding this
factor significantly improved the quality of the fit of the models. It was assumed that a difficult,
prolonged commute to school intensifies perceived stress, influencing the occurrence of non-specific
psychosomatic complaints in adolescents. In many studies based on HBSC data, school stress and
general stress are mentioned as the main predictors of SCL values [36]. In the international literature,
the distance to school is mentioned mainly as a barrier to physical activity [37,38]. In our models,
the SCL burden increases as the correction index increases, therefore showing the opposite association
for ATS indicators.

In terms of analysing country differences, it is also worth taking physical conditions into accounts,
such as geography, topography, and weather. In some countries, during winter, young people choose
only passive modes of commuting [39]. In countries such as Scotland, Wales, and Ireland, cycling does
not show a protective association with psychosomatic complaints, even though bicycle use is relatively
popular. In Wales, bicycle commuters report more frequent symptoms. Similarly, the association with
walking from school in Ireland and Denmark was negative, whereas cycling had a positive effect.
One explanation could be the distance to school. However, the shorter the distance to school, the less
the commute would affect health.
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The mode of active or passive transport to school varies by gender. Girls use active forms of
transport less frequently, which may be due in part to their general reluctance to engage in physical
activity. In the case of active travel, safety issues also play a role in explaining this difference, since boys
are allowed more independent mobility. All the more worrying is the fact that with age, the burden of
psychosomatic complaints increases in girls, along with the decrease in physical activity. Potrebny et al.
confirmed this in an extensive longitudinal study conducted in 1994–2014 on a sample of teenagers
from Norway [40]. They showed that health complaints affect teenage boys to a lesser extent than girls,
and that the difference is more pronounced in terms of mental health issues. Teenage girls’ lack of ATS
may also be a manifestation of reverse dependency. Adolescent girls are more likely to experience
non-specific complaints, which discourage them from engaging in physical activity, including ATS [41].
It can also be assumed that parents more often declare their willingness to drive their daughters to
school, being concerned with their safety and bearing in mind their reported worse well-being [42].
Further research should address this gender issue specifically to understand and promote active travel
in girls.

One of our most important findings is the greater protective effect of ATS in relation to psychological
rather than somatic complaints. This is in line with studies that describe the positive effects of physical
activity on the mental health of adolescents [8]. It seems that both cycling and walking to school
can build self-esteem based on greater independence. Often, ATS is carried out in a peer group and
improves relations with schoolmates, creating opportunities for discussions and joint planning of
extracurricular activities [34]. It also should be highlighted that young people who are in better health
and in better mood engage in physical activity more often and probably are also more willing to
actively commute to school. In these cases, lack of subjective health complaints could be a cause of
ATS not an effect [43].

When analysing the issue of ATS, it is important to consider the differences in methodological
assumptions of the conducted research. This article uses three simple ATS-related questions available
as an optional package in the HBSC protocol. We defined secondary indicators on this basis, affecting
the results obtained. The main limitations of the conducted research stemmed from the design of the
research tool and not considering other factors. Among the limitations, we highlight the cross-sectional
character of the study and the fact that data were self-reported by adolescents. We treated modes of
transport as mutually exclusive categories according to the HBSC protocol. In planning the analyses,
we adopted a number of simplifications, leaving two forms of active transport: walking and cycling.
This approach is used in other studies [44]. The use of other equipment/modes and all mixed forms of
movement are summarized in one category. The international literature draws attention to the growing
popularity of scooters or skateboards and the emergence of electric devices, which are attractive but
result in lower energy expenditure [45]. In some studies, public transport is also treated as a form of
physical activity if young people have to cover some part of the way on foot [46]. We added a covariate
to our methods, the index of difficulty in getting to school (TSDI). This is our measure of the interaction
between the time needed to get to school and the means of transport. It seems that its inclusion is a
strength of the paper, counterbalancing the above-mentioned limitations. It should be also mentioned
that the response rate in some countries was relatively low, e.g., 53.7% in Germany. This could be
considered as a limitation of the present study.

When examining adolescents’ ATS in the context of the reduction of non-specific psychosomatic
complaints, one should also bear potential negative effects in mind. Walking or cycling in a city with
poor air quality can generate a number of complaints, such as headaches and nausea. Deterioration of
well-being can also be aggravated by noise and crowds [47]. Nevertheless, a recent systematic review
analysing the health impact of active transportation showed that the positive health effects of active
transport outweigh the negative influences of air pollution. In our paper, these negative effects are
partially illustrated by the TSDI modification factor.
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5. Conclusions

Considering the significant burden for students with various somatic or psychological symptoms,
demonstrating the beneficial effects of ATS may help to set new directions for carrying out interventions.
It would be valuable to take cross-country determinants of active travel to school into consideration
while planning such interventions. Young people who cycle to school are less likely to report health
complaints, especially psychological symptoms. Research on this subject should take into account
the cross-country differences. Promoting cycling seems to be particularly beneficial to psychological
health but is not common among the studied countries.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/23/8709/s1,
Figure S1: Mode of transport to school by age and gender., Table S1. Level of subjective complaints by mode of
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5. Kleszczewska, D.; Małkowska -Szkutnik, A.; Nałęcz, H.; Mazur, J. Sedentary behavior and non-specific
psychosomatic health complaints of school-aged children. Pediatr. Pol. Pol. J. Paediatr. 2017, 92, 553–560.
[CrossRef]

6. Ng, K.W.; Sudeck, G.; Marques, A.; Borraccino, A.; Boberova, Z.; Vasickova, J.; Tesler, R.; Kokko, S.; Samdal, O.
Associations Between Physical Activity and Perceived School Performance of Young Adolescents in Health
Behavior in School-Aged Children Countries. J. Phys. Act. Health 2020, 17, 698–708. [CrossRef]

7. Husárová, D.; Veselská, Z.D.; Sigmundová, D.; Gecková, A.M. Age and Gender Differences in Prevalence
of Screen Based Behaviour, Physical Activity and Health Complaints among Slovak School-aged Children.
Cent. Eur. J. Public Health 2015, 23, S30–S36. [CrossRef]

8. Verhoeven, H.; Simons, D.; Van Dyck, D.; Van Cauwenberg, J.; Clarys, P.; De Bourdeaudhuij, I.; de Geus, B.;
Vandelanotte, C.; Deforche, B. Psychosocial and Environmental Correlates of Walking, Cycling, Public
Transport and Passive Transport to Various Destinations in Flemish Older Adolescents. PLoS ONE 2016,
11, e0147128. [CrossRef]

9. Marques, A.; Demetriou, Y.; Tesler, R.; Gouveia, É.R.; Peralta, M.; Matos, M.G. Healthy Lifestyle in Children
and Adolescents and Its Association with Subjective Health Complaints: Findings from 37 Countries and
Regions from the HBSC Study. Int. J. Environ. Res. Public Health 2019, 16, 3292. [CrossRef]

10. Kleszczewska, D.; Szkutnik, A.M.; Siedlecka, J.; Mazur, J. Physical Activity, Sedentary Behaviours and
Duration of Sleep as Factors Affecting the Well-Being of Young People against the Background of
Environmental Moderators. Int. J. Environ. Res. Public Health 2019, 16, 915. [CrossRef]

274



IJERPH 2020, 17, 8709

11. WHO Global Recommendations on Physical Activity for Health. Available online: https://apps.who.int/iris/
bitstream/handle/10665/44399/9789241599979_eng.pdf;sequence=1 (accessed on 10 October 2020).

12. Gardner, B.; de Bruijn, G.J.; Lally, P. A systematic review and meta-analysis of applications of the Self-Report
Habit Index to nutrition and physical activity behaviours. Ann. Behav. Med. 2011, 42, 174–187. [CrossRef]
[PubMed]

13. Faulkner, G.E.; Buliung, R.N.; Flora, P.K.; Fusco, C. Active school transport, physical activity levels and body
weight of children and youth: A systematic review. Prev. Med. 2009, 48, 3–8. [CrossRef] [PubMed]

14. Saunders, L.E.; Green, J.M.; Petticrew, M.P.; Steinbach, R.; Roberts, H. What are the health benefits of active
travel? A systematic review of trials and cohort studies. PLoS ONE 2013, 8, e69912. [CrossRef] [PubMed]

15. Tudor-Locke, C.; Ainsworth, B.E.; Popkin, B.M. Active commuting to school: An overlooked source of
childrens’ physical activity? Sports Med. 2001, 31, 309–313. [CrossRef]

16. Carver, A.; Timperio, A.F.; Hesketh, K.D.; Ridgers, N.D.; Salmon, J.L.; Crawford, D.A. How is active transport
associated with children’s and adolescents’ physical activity over time? Int. J. Behav. Nutr. Phys. Act. 2014,
8, 126. [CrossRef]

17. Schönbach, D.M.I.; Altenburg, T.M.; Chinapaw, M.J.M.; Marques, A.; Demetriou, Y. Strategies and effects of
promising school-based interventions to promote active school transportation by bicycle among children
and adolescents: Protocol for a systematic review. Syst. Rev. 2019, 8, 4–9. [CrossRef]

18. Mendoza, J.A.; Watson, K.; Nguyen, N.; Cerin, E.; Baranowski, T.; Nicklas, T.A. Active commuting to school
and association with physical activity and adiposity among US youth. J. Phys. Act. Health 2011, 8, 488–495.
[CrossRef]

19. Cooper, A.R.; Wedderkopp, N.; Jago, R.; Kristensen, P.L.; Moller, N.C.; Froberg, K.; Page, A.S.; Andersen, L.B.
Longitudinal associations of cycling to school with adolescent fitness. Prev. Med. 2008, 47, 324–328.
[CrossRef]

20. Biddle, S.J.; Ciaccioni, S.; Thomas, G.; Vergeer, I. Physical activity and mental health in children and
adolescents: An updated review of reviews and an analysis of causality. Psychol. Sport Exerc. 2019, 42,
146–155. [CrossRef]

21. Aubert, S.; Barnes, J.D.; Abdeta, C.; Abi Nader, P.; Adeniyi, A.F.; Aguilar-Farias, N.; Andrade Tenesaca, D.S.;
Bhawra, J.; Brazo-Sayavera, J.; Cardon, G.; et al. Global Matrix 3.0 Physical Activity Report Card Grades
for Children and Youth: Results and Analysis From 49 Countries. J. Phys. Act. Health 2018, 15, S251–S273.
[CrossRef]

22. Larouche, R.; Saunders, T.J.; Faulkner, G.; Colley, R.; Tremblay, M. Associations between active school
transport and physical activity, body composition, and cardiovascular fitness: A systematic review of 68
studies. J. Phys. Act. Health 2014, 11, 206–227. [CrossRef] [PubMed]

23. Black, C.; Collins, A.; Snell, M. Encouraging walking: The case of journey-to-school trips in compacturban
areas. Urban Stud. 2001, 38, 1121–1141. [CrossRef]

24. Grize, L.; Bringolf-Isler, B.; Martin, E.; Braun-Fahrlander, C. Trend in active transportation to school
among Swiss school children and its associated factors: Three cross-sectional surveys 1994, 2000 and 2005.
Int. J. Behav. Nutr. Phys. Act. 2010, 7, 1–8. [CrossRef] [PubMed]
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Abstract: Regarding the sharp growth rate of ICT (information and communication technology)—based
mobility services like ridesourcing, it is essential to investigate the impact of these new mobility services
on the transport mode choices, particularly on active mobility modes like cycling. This impact is more
important in the MENA context (the Middle East and North Africa), where cycling does not constitute
the main mobility mode in the modal split of most MENA cities. This paper studies the relationship
between the regular use of ICT-based mobility services like ridesourcing and the tendency to cycle to
near destinations. This paper contains the analysis of 4431 interviews in two large cities of the MENA
region (Cairo and Tehran). This research uses logistic regression to analyze and compare the odds
of cycling among regular and non-regular users of ridesourcing by considering the socio-economic,
land use, and perception variables. The findings indicate that the odds of cycling among the regular
users of ridesourcing are 2.30 and 1.94 times greater than these odds among non-regular ridesourcing
users in Tehran and Cairo, respectively. Therefore, the regular users of ridesourcing are more likely to
cycle to their near destinations than non-regular ridesourcing users in these cities.

Keywords: ICT-based mobility services; cycling; the active mobility mode; nonmotorized mode
choices; ridesourcing; ride hailing; MENA region

1. Introduction

Nonmotorized transport modes such as biking are sustainable modes in urban transportation
systems, and are reliable and effective in terms of energy use and healthiness without environmental
pollution [1–7]. In comparison to motorized modes, such as a private car, a bicycle is a cheaper
door-to-door mobility mode. Moreover, compared to walking, urban biking is 3.6 times faster [8,9]
and requires less energy (35% of the walking calories) for the same travel [10,11]. At this time, traffic
congestion and environmental pollution are common in many cities worldwide due to high car
dependency [12–14]. Therefore, cycling is a practical solution to reduce CO2 emissions and help cities’
sustainability in economic and social aspects [15–17]. Therefore, the international advice is to develop
the bicycle’s share in the cities’ modal splits [18–21]. However, biking is not a substantial mode for
daily travel purposes in some MENA cities, such as Cairo and Tehran, which is entirely different from
the cycling mode share in European cities. For example, the share of biking is less than 1 percent in
the modal split in Iranian cities [22]. However, cycling constitutes around 40 percent of daily trips in
bicycle-friendly cities in Europe, such as Copenhagen and Amsterdam [23]. Some studies indicate different
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reasons for the low cycling rate in Tehran and Cairo, such as car-oriented urban forms, topographic
conditions, sociocultural attitudes (women rarely use bikes), and the lack of suitable infrastructure [24–28].
Moreover, ICT (information and communication technology) has considerably affected the urban mobility
system, as it offers real-time trip information, sourcing, and communication instruments between service
providers and users. Moreover, the ICT-based mobility services have been developed very fast, such as
online ridesharing and sourcing modes, in which services information technologies are the major
component. The ICTs have also changed the concepts of distance, accessibility, and individual lifestyles,
which consequently have a potential influence on mobility behaviors, particularly nonmotorized mode
choice [29–32]. This influence is gaining more importance in the cities where the share of nonmotorized
modes is low.

This study investigates the association between the regular usage of ICT-based mobility services
such as ridesourcing and the cycling mode choice in Tehran and Cairo. The primary assumption of
this research is related to the principle that the frequent usage of one mobility mode affects other
mode choices [33]. We conducted 4431 face-to-face interviews in Cairo and Tehran in 2017. Among
ICT-based mobility services, such as online car-sharing and bike-sharing, this study focuses only on
the online ridesourcing platforms because there was no considerable online bike and car-sharing in
these two cities in 2017. Ridesourcing is a door-to-door mobility service in which commuters and
drivers interact through ICT and GPS platforms, such as Uber and Lyft in many western countries,
“Careem” in Cairo, and “Snapp” in Tehran [34]. As commuters are able to “source” a ride from a pool
of drivers by ICT-based platforms, this mobility service is named ridesourcing [35]. Passengers use
their smartphone apps to book, pay, and rate the quality of the services. In the MENA countries,
ridesourcing has seen a sharp growth rate among other mobility modes.

Regarding the Uber report, Egypt is the biggest market of this company in the MENA region,
with 157,000 drivers and 4 million users in 2017 [36]. The first ridesourcing company in Iran was Snapp,
established in 2014 with a growth rate of 70% per month, with a big network of 120,000 active drivers
to give services to 0.5 million users in 2016 [37,38]. These figures show the rapid growth of these new
emerging travel modes in Tehran and Cairo, and indicate a potential impact on these cities’ mode
choice behaviors.

Ridesourcing Adaptation and Biking Mode Choice

It is necessary to study whether ICT-based mobility services support or compete with sustainable
modes like cycling, in order to evaluate their role in the sustainability of urban transport systems [39–41].
There is a debate around ridesourcing that it encourages commuters to shift from sustainable mobility
modes, like nonmotorized modes, to car travels. Regarding the findings in the global north, the adoption
rate of ridesourcing is remarkably higher among young people with higher incomes and educational
degrees [42,43]. Moreover, Alemi et al. (2017) mentioned a positive correlation between ridesourcing
usage and the regular use of smartphones for daily activities such as shopping, entertainment,
and travel [42]. Feigon and Murphy (2018) reported that ridesourcing was used for an average travel
distance of between three and six kilometers in five American cities [44], indicating its possible impact on
the cycling mode choice. Alemi et al. (2018) showed that due to the ridesourcing adaptation, the younger
generation decreased their nonmotorized mobility choices, such as walking and biking, more so than
the older people [42]. Gehrke et al. (2019) indicated the high probability of a modal shift from walking
and cycling to near destinations or under poor weather conditions to ridesourcing in Boston [45].
Becker et al. (2017) mentioned that although ridesourcing can fill gaps in the public transport network,
in many situations, it decreases public transport usage and nonmotorized modes, which indicates
a substitution impact in favor of car dependency [46]. Circella et al. (2018) mentioned that around 40%
of ridesourcing users have decreased their walking and biking, while 10% of users have increased these
nonmotorized modes in California [47]. On the other hand, ridesourcing services in some countries
provide more motorized mobility options for disabled people with health issues, by employing trained
drivers to help passengers with walkers, wheelchairs, and other equipment [39,48].
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2. Materials and Methods

This research includes 3 main research questions: (1) Are the socio-economic variables of the
respondents who use bicycles significantly different from those who do not use this mode? (2) Is there
a significant association between regular ridesourcing use and the odds of cycling? (3) what are the main
subjective barriers and reasons for not cycling among regular ridesourcing users?

We conducted a large sample size of face-to-face interviews in Cairo and Tehran in different
neighborhoods to answer these three questions. Regarding the literature review about the urban forms
in Cairo and Tehran, the compactness, population density, urban forms, and road network forms
in these two cities have correlations with the periods of urban construction and development [49].
The newly developed neighborhoods are centerless and have less population density and compactness
than older neighborhoods in Tehran and Cairo. As such, we chose six neighborhoods in each city
in three different urban forms (two neighborhoods in each urban form) to gather adequate samples.
These three different urban forms are traditional parts (historical), transitional parts (in between),
and newly developed parts. The traditional (historical) neighborhoods in both cities are discernible
center with high density and compact urban forms. Transitional neighborhoods were constructed
from 1930 till 1980 with lower density and compactness than the old parts. The new parts, which
were developed after 1980, are centerless neighborhoods and are located in the peripheral parts of
Tehran and Cairo. The interviewers conducted face-to-face interviews with the residents of these
neighborhoods who were selected randomly in 2017. The total observations are 4431 interviews for
these two cities, including 2369 interviews in Tehran and 2062 interviews in Cairo.

Many studies reported that the cycling mode choice has an association with age [49–51],
socio-economic parameters, road network and land use parameters [52,53], the safety of cycling
paths with physical separation from the motorized network [54], efficient facilities [55,56], and the gently
graded topography of cities [57]. Therefore, we designed three main sections in the questionnaire, which
are (1) socio-economic variables, (2) mobility behavior variables, and (3) the land use parameters of
the neighborhood. The socio-economic factors included gender, age, monthly household expenditure
and income, car ownership, and having a driving license. The variable of car ownership is a binary
variable, which indicates whether the household has at least one car or not. The variable of possession of
a driving license is also a binary variable, indicating whether the respondent has a driving license or not.
The economic factors of income and monthly expenses were assessed in Egyptian pound (the Egyptian
currency) and Iranian rial (Iranian currency).

2.1. The Mobility Behavior Variables

The mobility behavior section includes questions in two main subsections, which are the main
modes for common daily travel purposes and the tendency towards cycling to near destinations.
The regular trip purposes include study or work trips and non-work/study trips within and out
of the respondents’ neighborhoods. We defined a binary variable, “ridesourcing use”, to study
the impact of ridesourcing adaptation as the main mode on the tendency to cycle. This variable
categorizes the interviewees into 2 groups: (1) regular users; (2) non-regular users. The regular users
of ridesourcing are defined as the commuters who frequently use ridesourcing as the major mobility
mode for a minimum of one of their daily trip purposes. The non-regular users are the commuters
who do not use and adopt ridesourcing as their major mobility mode for their everyday trip purposes.
Therefore, “ridesourcing use” is a dichotomized variable that is collectively exhaustive and mutually
exclusive. Therefore, this variable classified all observations of the Tehran and Cairo samples into
2 classes, and these two classes do not have the same observation.

In the second subsection, the respondents answered whether they cycle to a near destination inside
their neighborhood. This question aims to capture the tendency of respondents to cycle inside their
neighborhoods to a destination that is near based on their subjective perception of distance. Therefore,
in this question, we did not mention the distance in meters or kilometers. We mentioned the term
of “near destination” to understand whether the respondent tends to cycle even to a destination that
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he/she perceives as a near destination. The dichotomized variable is defined as “bicycle use for a near
destination,” coded 1 and 0 for the yes and no responses, respectively. Additionally, the respondents
were asked about their main reason for not cycling to near destinations. The respondents could
only choose one major reason for the multiple-choice question. These options were designed in
the present form to collect subjective reasons for not cycling. This question asks for the interviewees’
perceptions about cycling to a near destination. We designed the answers to this multiple-choice
question following the review of research and reports about cycling barriers in the MENA cities [58–63].
The options include four factors, which are (1) cultural and social problems, (2) lack of biking facilities,
(3) disabled/too old, (4) takes too much time/it is slow.

2.2. The Land Use Parameters of the Neighborhood

Regarding the role of the land use and road network factors in the tendency to cycle, two parameters
were measured, indicating the neighborhoods’ connectivity. These parameters are “link–node ratio
(%)” and “intersection density”. Link–node ratio (%) is the number of links (street segments) divided
by nodes (street intersections) within the 600 m catchment of every interviewee’s house. A bigger
link–node ratio indicates the greater connectivity of the road network in the interviewee’s neighborhood.
This parameter illustrates how many possible routes there are in the neighborhood per each node
for cycling. However, the link–node ratio is unrelated to the size of the intersections or blocks [64].
Intersection density (nodes/ha is the sum of intersections per unit area in a 600 m catchment area of
the interviewee’s house) is related to the size of blocks in a neighborhood [65]. The bigger intersection
density suggests more connectivity in a neighborhood because of the smaller blocks and the shorter
cycling distances inside this neighborhood. The full details of the neighborhood characteristics in this
survey were published [66].

2.3. Analysis Methods

2.3.1. Comparison of the Demographic Variables

We compared the socio-economic parameters of two groups of respondents who use bicycles
and who do not use this mode for a near destination in the samples of Cairo and Tehran. First,
the Kolmogorov–Smirnov test was applied to check whether the distribution of the continuous
socio-economic variables is normal. The result indicates a p-value less than 0.001 for the variables of
age, monthly household income, and monthly household living costs, indicating their distributions
are not normal. Therefore, we applied nonparametric tests, such as the Mann–Whitney U test and
the median test, to evaluate whether the differences in the distribution and median of the mentioned
continuous variables are significant across the binary variable (bicycle use) at the confidence level
of 95%. The H0 of the Mann–Whitney U test indicates that the distribution of each socio-economic
variable is the same between two values of the binary variable “bike use”. The H0 of the median
test assumes that the continuous variable has a similar median between two groups of respondents
who ride a bicycle and do not ride it for a near destination. Regarding gender and household car
ownership variables, the hypotheses are defined for each variable about the significant correlation
between bicycle use and gender variables. We applied the Chi-square test to test this hypothesis at
a confidence level of 95%.

2.3.2. Association between Frequent Ridesourcing Use and Odds of Cycling

We used binary logit models (logistic regression) to compare the probability of cycling between
regular and non-regular users of ridesourcing in each sample of these MENA cities at significance levels
of 0.05. The odds of bicycle use for a near destination are the probability of cycling over the probability
of not cycling, which are response variables in the logit models. The transformation from probability
to odds is monotonous, indicating the odds increase (decrease) as the probability increases (decrease).
The binary logit model is structured by the equations below, where P is the probability of cycling to
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a near destination, 1 − P is the probability of not cycling, β0 is the constant, and βi is the coefficient
related to each explanatory variable.

ln
( P

1 − P

)
= β0 + β1x1 + β2x2 + β3x3 + . . . + βn (1)

P =
e(β0+ β1x1+ ... +βnxn)

1 + e(β0+ β1x1+ ... +βnxn)
(2)

The logistic model reveals the effects of the independent variables on the odds of bike use (probability
of bike use/probability of no bike use). The exponentiated coefficient changes the cycling odds to a unit
increase in the independent variable by holding other regressors constant. Suppose the odds ratio of
an independent variable is greater than 1. In that case, it is suggested that by keeping other regressors
constant, the odds of bike use increase (decrease) by increasing (decreasing) this independent variable.
If the odds ratio is 1 for an estimator, it suggests that this estimator’s change does not change the cycling
odds. When the odds ratio of one estimator is less than 1, it indicates a decrease in biking odds caused by
an increase in this estimator if other independent variables are constant. Some transport studies estimate
the odds ratio to show the impacts of the explanatory variables on the odds of mode choices. However,
the estimation of average marginal effects is an intuitive technique and a useful way to directly explain
the probability changes and interpret the results of the estimations more understandably. The logistic
regression is nonlinear; therefore, the effect of one unit change in an explanatory variable is averaged over
all observations to estimate the average marginal effects. The average marginal effects of an independent
variable are the average change in probability of the dependent variable when the given independent
variable changes by one unit and the other is constant. We used the add-on package “margins” in R to
calculate the average marginal effects. Therefore, in addition to the odds ratio, we also report the average
marginal effects of each explanatory variable.

We checked the risk of multicollinearity among the independent variables of one pair or
more of explanatory variables being highly correlated together and causing unreliable estimations.
The regressors were selected to avoid high multicollinearity among variables and to control confounding
effects. Therefore, the regressors (independent variables) in the logistic regression are regular ridesourcing,
household car ownership, gender, age, monthly household income, intersection density, and link–node
ratio. Checking the correlation matrix might be useful in order to detect multicollinearity, but it is
not enough. The sufficient diagnostics are performed by linear regression between the variables to
check the variance inflation factor (VIF), tolerance, and the condition index. If the correlation coefficient
among two independent variables is greater than 0.90, it indicates a high multicollinearity risk in
the logit model [67,68]. We checked the correlation matrix, and we did not find a correlation greater
than 0.8 for both samples of Cairo and Tehran. Furthermore, we performed the linear regression among
the different combinations of explanatory variables and then checked the VIF, tolerance, and condition
index. The VIF for an estimator in the regression model is the ratio of the variance of the overall model to
the variance of a model that includes only the given estimator. Hair et al. (2010) indicated that if the VIF is
greater than 5, there is a concern for multicollinearity among independent variables [68]. As we checked
the VIFs for different combinations of the estimators, the VIFs of all estimators in the combination of
regular ridesourcing, household car ownership, gender, age, income, intersection density and link–node
ratio are less than 4.0 in both the Cairo and Tehran models. Then, we checked the tolerances of
the mentioned variables, which is the amount of variability in one estimator that is not explained
by the other estimators. Tolerance values less than 0.2 indicate the risk of multicollinearity among
estimators. Having checked the tolerance values for the mentioned independent variables, all of them
were bigger than 0.3, indicating the low risk of multicollinearity. Moreover, we checked the condition
indices. Condition indices above 15 indicate a risk of multicollinearity. The estimated condition indices
were below 15 in the linear regressions among the aforementioned estimators. Moreover, we checked
the interactions between the variables, such as monthly household income–age, monthly household
income–gender and gender–age, in the two logit models of Cairo and Teheran, and estimated their
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coefficients. The coefficients of the interaction terms between these variables were not significant at
the 95% confidence level in the models of both cities. For example, the coefficient of the interaction
age–monthly household income has a Wald chi-square = 2.610, and a p-value = 0.106 in the Tehran model,
and a Wald chi-square = 0.364 and p-value = 0.547 in the Cairo model. Therefore, we did not consider
the interaction terms between the variables in either model. We applied the Omnibus test to check
if the regression model with estimators is an improvement of the baseline model without estimators.
Moreover, the Hosmer and Lemeshow test was applied to check if the regression result was correctly
specified, and the results were appropriately fitted to the observed data. If the p-value of the Hosmer
and Lemeshow test is less than 0.05, it suggests a significant difference between the observed values and
the model’s estimated values [69].

3. Results

3.1. Demographic Profile

Among the 2062 interviews in Cairo, 224 respondents mentioned that they use a bicycle for a near
destination, and this result for Tehran is 254 out of 2369 interviews. Table 1 shows the socio-economic
parameters, including age, gender, household income, household living cost and household car
ownership, for the two groups of respondents who use and do not use a bike for a near destination in
Tehran and Cairo.

The Chi-square test suggests significant associations (p< 0.001) between the variables of “bicycle use
for a near destination” and household car ownership and gender in the Cairo sample. This means that
men are substantially more likely to cycle to a near destination than women in Cairo. Moreover, 58.5%
of bike users and 70.5% of non-bike users have at least one household car, which indicates a different rate
in car ownership among users and non-users of bikes in Cairo. Furthermore, the Mann–Whitney U test
indicates a significant association between bike use and age at the 99% confidence level. Furthermore,
the median test suggests that the medians of age are different across bike users and non-users for a near
destination at the 0.05 level (p < 0.05). The mean and median of bike riders’ age are 25.6 and 24.0,
respectively, which indicates they are significantly younger than non-bike riders in the Cairo sample.

The medians and the Mann–Whitney U tests do not reject the H0 (null hypotheses) for the variables
of monthly household income and living costs across variables of bike use in the Cairo sample.
This means that there are no significantly different distributions and medians in monthly household
living expenses and income between bike users and non-users.

In the Tehran sample, the Chi-square test indicates a significant association at the 0.001 level
among the variables of gender and bike use. This suggests that men cycle considerably more than
women in Tehran. The Mann–Whitney U test rejects the null hypothesis for age at the 99% confidence
level, which is similar to the result of this test in the Cairo sample. Furthermore, the median test
reveals that the median age is significantly different across users and non-users of bikes. Therefore,
the respondents who tend to use bikes to travel to a near destination are significantly younger than
those who do not have this tendency. Moreover, these tests do not reject the H0 for the variables of
monthly household income and living expenses across users and non-users of bikes at the 0.05 level
in the Tehran sample. Therefore, like the Cairo sample, these two tests indicate that the monthly
household living costs and income are not significantly different between the users and non-users
of bikes.
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3.2. The Logit Models for Cycling to a Near Destination

The logistic regression model is used to compare the odds of bike use between regular ridesourcing
users and the non-regular users for each sample of Cairo and Tehran. For the categorical variable of
ridesourcing use, we defined the non-regular ridesourcing user as the reference mode in the logistic
regression. The Omnibus test shows a significant difference at the 0.001 level between the log-likelihoods
of the model with estimators and the baseline model (without estimators), with Chi-square values of
233.955 and 274.906 for the samples of Cairo and Tehran, respectively.

The Hosmer and Lemeshow test indicates that the goodness of fit for both the Cairo and Tehran
models is appropriate. The p-value of this test is 0.773 for the Cairo sample and 0.092 for the Tehran
sample. Table 2 shows the Omnibus test results, the Hosmer and Lemeshow test, and the Nagelkerke
R squared for the logistic regressions. The coefficients of estimators are shown in Tables 3 and 4 for
Tehran and Cairo samples, respectively.

Table 2. The results of the Omnibus test and the Hosmer and Lemeshow test for biking.

Tests Cairo Tehran

Omnibus Tests of Model
Coefficients
Chi-square 233.955 274.906

p-value <0.001 <0.001
−2 Log likelihood 1121.058 1281.290

Nagelkerke R Square 0.221 0.224
Hosmer and Lemeshow Test

Chi-square 4.850 13.645
p-value 0.773 0.092

Table 3. Binary logit regression for cycling to near destination in Tehran.

Tehran B S.E. Wald AME S.E. Sig. Exp(B)

Ridesourcing use Regular users = 1
Non-regulars = 0 0.833 0.373 4.892 0.0605 0.0276 0.026 2.301

Gender Female = 1. Male = 0 −2.057 0.196 110.183 −0.1494 0.0171 <0.001 0.128
Monthly household Income Iranian rial 0.000 0.000 2.8614 0.000 0.000 0.091 1.000

Having a household car No = 1. Yes = 0 0.324 0.217 2.227 0.0236 0.0155 0.136 1.383
Age Year −0.058 0.006 84.497 −0.0042 0.0005 <0.001 0.944

Link–node ratio % 0.025 0.005 24.597 0.0018 0.0004 <0.001 1.025
Intersection density Node/hectare 0.130 0.044 8.495 0.0094 0.0032 0.004 1.138

Constant −4.123 0.927 19.801 <0.001 0.016

AME: Average Marginal Effects, S.E.: Standard Error.

Tehran’s model suggests three significant variables with a p-value < 0.001 level—gender, age,
and link–node ratio. The model also indicates that the ridesourcing use and intersection density
variables are significant at levels 0.05 and 0.01, respectively. As “ridesourcing use” is a binary variable,
its exponentiated coefficient shows the odds ratio of cycling for regular users relative to the non-regular
ridesourcing users. The odds of cycling for the regular ridesourcing users are 2.30 times more than these
odds for non-regular users, when fixing all other regressors as constant. The average marginal effects
of ridesourcing use indicate that being regular users of ridesourcing services increases the probability
of cycling to a near destination by 6.0%. Therefore, the results reveal that regular ridesourcing users
are more likely to cycle to a near destination than non-regular users. The marginal effects of gender
indicate that the cycling probability of women is 14.9% less than men. Moreover, the model suggests
that the odds of biking for women are 87% less than for men with the same other independent variables.
Each unit increase of link–node ratio (percent) raises the odds of cycling by 2.5% and the cycling
probability by 0.2%. Each unit increase in intersection density (node/hectare) increases biking odds by
13.8% and biking probability by around 1%. Therefore, Tehranians living in a neighborhood with better
intersection density and node–link ratio are more likely to cycle to a near destination. The model of
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Tehran indicates that the odds ratio and average marginal effects of age are 0.94 and −0.004, respectively.
Therefore, a one-year increase in age decreases the biking odds by 6% and the biking probability by
0.4%. This means younger citizens are more likely to bike than older citizens in Tehran.

Table 4. Binary logit regression for cycling to near destination in Cairo.

Cairo B S.E. Wald AME S.E. Sig. Exp(B)

Ridesourcing use Regular users = 1
Non-regulars = 0 0.663 0.302 4.815 0.0531 0.0234 0.028 1.940

Gender Female = 1, Male = 0 −1.991 0.221 81.261 −0.1542 0.0172 <0.001 0.137
Monthly household Income Egyptian pound 0.000 0.000 0.003 0.000 0.000 0.953 1.000

Having a household car No = 1, Yes = 0 0.894 0.181 24.431 0.0692 0.0139 <0.001 2.445
Age Year −0.08 0.009 81.777 −0.0062 0.0007 <0.001 0.924

Link–node ratio % 0.010 0.008 1.721 0.0008 0.0006 0.190 1.010
Intersection density Node/hectare −0.026 0.061 0.188 −0.0020 0.0047 0.665 0.974

Constant −1.130 1.402 0.633 0.426 0.323

AME: Average Marginal Effects, S.E.: Standard Error.

Table 4 illustrates the binary logit regression for Cairo with three statistically significant variables
at the significant level of 0.001: household car ownership, gender, and age. Furthermore, the variable
ridesourcing is significant at the 0.05 level. The model shows that the cycling odds for the regular
ridesourcing users are 1.94 times greater than non-regular users by controlling for other independent
variables. Moreover, the average marginal effects of regular ridesourcing are 5.3%. This result suggests
that regular users are more likely to cycle to a near destination than non-regular users of ridesourcing.
This result is similar to the Tehran sample, whereby regular users of ridesourcing are also more likely
to use bikes than non-regular users. Like the Tehran model, the average marginal effects of gender
are −15.4%, and the odds of biking for women are 86% less than these odds for men, with the same
values for the other regressors. Moreover, the people who do not have a household car have biking
odds 2.44 times and a biking probability 7.0% greater than those who have at least one household
car. The model indicates that the odds ratio of biking and the average marginal effects of age are 0.92
and −0.006, respectively. The increase of one year in age decreases the cycling odds by 8%, and its
probability by 0.6%. Therefore, older citizens are less likely to cycle than younger ones. Moreover,
the model suggests that the coefficients of the variables income, intersection density, and link–node
ratio are not significant at the 95% confidence level. Therefore, the binary logistic regression results
reveal that these variables do not contribute to the estimation of the odds and probability of cycling to
a near destination, and the other variables have a more significant influence on the tendency to cycle in
the Cairo sample.

3.3. Reasons for Not Cycling

We asked about subjective barriers to and reasons for not cycling to a near destination in
the interviews in Cario and Tehran. The form of this question is multiple-choice, but the respondents
should choose only one reason out of the four reasons, which are (1) cultural and social problems,
(2) lack of biking facilities, (3) being disabled or too old, and (4) it is slow or takes too much time.
We asked this question in the present form to collect subjective reasons correlated with the way citizens
decide about not cycling to near destinations in their neighborhoods. The subjective reasons are usually
highly correlated together and constitute a package of factors for mode choice. However, we asked
respondents to choose one reason in order to find the dominant and major subjective obstacle to
cycling. This question type might be useful for urban planners to understand which problems are
more influential on the tendency of citizens toward cycling. For example, suppose the cycling facilities
in a neighborhood are improved. In that case, the person who mentioned “lack of biking facilities”
as the main reason for not cycling is more likely to cycle than the person who replied “being disable
or too old” as the main reason for not biking. Social and cultural problems address social barriers
to cycling for women in public spaces, inconvenience during cycling in public areas, and fear of

285



IJERPH 2020, 17, 8767

harassment. The answer “lack of biking facilities” indicates the lack of bicycle infrastructures like
bike lanes, excluding motorized modes in the road network and public shared bikes. The findings are
presented in Figures 1 and 2 for regular and non-regular users of ridesourcing in both cities. Figures 3
and 4 illustrate the reasons for not cycling among female and male respondents in Tehran and Cairo.
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Figure 1. Reasons for not cycling among regular and non-regular ridesourcing users in
the Tehran sample.
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Figure 2. Reasons for not cycling among regular and non-regular ridesourcing users in the Cairo sample.

 

 

 
 
 
 

15.9%

56.1%

1.9%

18.1%

71.1%

10.6%

11.1%

15.1%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Females

Males

Lack of biking facilities Slow Social and cultural reasons Too old/disabled

Figure 3. Reasons for not cycling among female and male respondents in the Tehran sample.
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Figure 4. Reasons for not cycling among female and male respondents in the Cairo sample.

The results of this question in the Tehran sample indicate that the major reasons for regular
ridesourcing users not cycling are “social and cultural problems” and “lack of cycling facilities”, which
46.8% and 37.7% of regular users mentioned, respectively. These two reasons were also selected
more than the other reasons by the non-regular users in this sample. This finding indicates that
the perceptions of social and cultural problems and the lack of cycling facilities are the main reasons for
regular and non-regular ridesourcing users not cycling to a nearby destination in Tehran. Moreover,
Figure 3 shows that 71.1% of female respondents who do not cycle indicate the social and cultural
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problem as their main reason for not cycling in Tehran. However, 10.6% of male respondents mentioned
the social and cultural problems as their major reason for not cycling. Therefore, Figure 3 shows that
the social and cultural problems are substantial barriers for women wishing to cycle in Tehran.

In Cairo, the major reasons of regular ridesourcing users for not cycling are “social and cultural
problems” (63%), “It is slow/takes too much time” (17.8%), and “the lack of biking facilities” (16.3%).
The non-regular users reasoned “social and cultural problems”, “too old or disabled”, and “the lack of
biking facilities”, with 45.6%, 22.1%, and 17.2%, respectively.

Figure 4 indicates that 71% of female respondents in the Cairo sample mentioned the social
and cultural problems as their main reason for not cycling, while 28.4% of males cited this option as
their major reason. Therefore, as in the Tehran sample, social and cultural problems are significant
barriers against women cycling. Moreover, the reason “the lack of biking facilities” was mentioned by
the regular users in Tehran almost two times more than these users in Cairo. Furthermore, 13% of
regular users in Tehran stated the reason “too old/disabled,” which is noticeably more than Cairene
regular users (3%), and is the lowest observed reason in the Cairo sample.

4. Discussion

We used large samples in Cairo (2062 interviews) and Tehran (2369 interviews) to study the effect
of the frequent use of ICT-based mobility services on the tendency toward bike use. The findings
show that a low percentage of the respondents use bikes for a near destination, which is 10.9% in
Tehran and 10.7% in Cairo. This result confirms the other research’s conclusion that bicycles are not
a substantial mobility mode in Tehran and Cairo [22,25,26,28,70,71]. Therefore, our findings show that
bicycles’ share in the modal split of these cities is lower than in most western countries, such as in
Europe [23,24,72]. As such, our findings emphasize the necessity of raising public awareness about
the social and health benefits of cycling, as well as the improvement of the bike facilities to encourage
citizens to use this mobility mode more.

4.1. The Relationship between the Tendency toward Biking and Frequent Ridesourcing Use

Regarding the growing share of ICT-based mobility modes, such as ridesourcing, it is necessary to
investigate the impact of these new emerging transport services on mobility behaviors. This effect on
the bike mode choice is particularly important in the MENA region, which has a low share in the cities’
modal mobility split. However, the studies in this field often come from western countries, while there
is little research in developing countries like the MENA region. Moreover, with the emergence and
rapid rise of ridesourcing in the modal split of MENA cities, it is essential to analyze the impacts of this
new mobility mode on people’s mode choice behaviors in this region. Cairo and Tehran are the two
largest cities in this region, with similarities in urban development in recent years. The development
of urban forms in both cities is more car-oriented rather than sustainable mobility modes-oriented.
Moreover, transportation network companies launched their services in a similar period with the same
growth rate. Therefore, we studied the impacts of ridesourcing on citizens’ bike mode choices in
these two cities as a case study in the MENA region. Among ICT-based mobility services, such as
ridesourcing, online car and bike sharing, we focused on ridesourcing to study the correlation between
the regular use of this mobility mode and bike use for near destinations in Tehran and Cairo. Other
ICT-based mobility modes have not been developed enough to be considered in these two cities’ modal
splits. Some western studies investigated the modal shift from active mobility modes like cycling
to ridesourcing by counterfactual questions in their interviews and questionnaires [35,42–44,73,74].
These counterfactual questions ask, “what would you have done if ridesourcing services had not
been available?”. The interviewees should think about a manipulated memory to answer this kind of
question. However, this study categorized the respondents into the two groups of regular ridesourcing
users who adopt ridesourcing for their everyday trip purposes and non-regular ridesourcing users.
Then, we studied their current tendency toward cycling to a near destination via the question framed in
the present tense, intended as the think-forward question, “Do you use a bike for a near destination?”.
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Thus, we analyzed the association between the frequent use of ridesourcing and present tendency
towards cycling, instead of the past modal shift among these mobility modes.

We applied binary logistic regressions to analyze the association between frequent ridesourcing
use and the odds of biking to near destinations. The results revealed that the odds of cycling for
the frequent ridersourcing users are 2.30 (in Tehran) and 1.94 times (in Cairo) more than these odds for
non-regular users. Furthermore, the average marginal effects of being a regular ridesourcing user are
6.0 and 5.3% in the models of Tehran and Cairo, respectively. This means that in these cities, people
who have adopted ICT mobility modes, such as ridesourcing, as their major mobility mode are more
likely to cycle to a near destination than the non-regular users of ridesourcing. This result is in contrast
to some western studies that suggest frequent ridesourcing use has a negative association with biking.
For example, 40% of regular ridesourcing users in Californian reported that they decreased cycling [47].

Moreover, the studies in American cities reported a substitution of active modes, such as biking,
in the range of 9% and 13% of total ridesourcing trips in San Francisco, Boston, and Denver [35,45,73].
Moreover, a similar study in Chinese cities reported that 6.5% of ridesourcing users reduced walking
and biking in the Chinese cities [75]. The finding of this paper, that in Tehran and Cairo, where cycling
does not constitute a considerable travel mode, the adaptation of ridesourcing has a positive association
with the likelihood of cycling, is important. It shows that the regular users of ridesourcing who
adopt information technologies in their mobility modes tend toward cycling more than non-regular
ridesourcing. Therefore, this finding indicates the potential for online-based bike-sharing services in
Tehran and Cairo because the people who regularly use online-based ridesourcing also might use more
online bike-sharing for their near destinations in these two cities.

4.2. Socio-Economic Variables

The associations between the socio-economic parameters and bike use for a near destination were
studied in Tehran and Cairo. The findings indicate that women are significantly less likely to cycle to a near
destination than men in both cities. Other transport studies also confirm this result in the MENA region,
finding that women do not use bicycles because of cultural and social problems [71,76–78]. However,
in the high cycling countries, such as Belgium and the Netherlands, women within the 20–65 age group
use bicycles more than men [79,80]. Moreover, the findings indicate that younger people tend to use bikes
more than older citizens in both cities, which is similar to the findings of studies in western countries
such as the UK [81,82] and the MENA region [78]. Although many studies indicate the important role
of cycling and its health benefits for the older ages [65], our findings showed that older people have
a significantly lower tendency to cycle. Although the association between biking and aging might
be negative in higher cycling countries, the share of cycle traveling in the older age groups is high.
For example, cycling decreases with aging in Denmark, but still, among people who are 70–74 years
old, cycling constitutes 12% of all their travels, which is similar among Germans who are 65 and older.
Moreover, Dutch people over 65 years old make 24% of all their trips by bike [65].

Additionally, the logistic regression results indicate that Cairenes who have at least one household
car are significantly less likely to use a bike for a near destination than those who do not have household
cars. This finding is similar to studies in some American cities [83]. However, the Tehran model does
not suggest a significant association between the probability of biking and car ownership, which is
similar to the findings of Fishman et al. (2013) and Carse et al. (2013) [84,85]. In addition, the logit
models of the Tehran and Cairo samples do not indicate a significant coefficient for the variable of
income at the 95% confidence level. Moreover, the Mann–Whitney U and median test results do not
show significant differences in the distributions and medians of monthly household incomes and
living expenses among users and non-users of bikes. Therefore, these findings indicate that a tendency
towards cycling does not have a significant association with the incomes of citizens in Cairo and Tehran.
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4.3. Impact of Land Use Parameters

We used two land use parameters to analyze the correlation between the connectivity of
neighborhoods and the tendency towards cycling among regular and non-regular users of ridesourcing.
Tehran’s binary logit model reveals that the connectivity variables have significant odds ratios bigger
than 1, which are 1.138 and 1.025 for intersection density and link–node ratio, respectively. In other
words, by improving the connectivity of the neighborhoods, Tehranians are more likely to cycle to close
destinations inside their neighborhoods. This result is the same in the related studies in both the western
context [86–89] and the MENA context [56,90], which indicated that increasing the connectivity of
neighborhoods increases the nonmotorized mode choices, such as bicycles, which promote physical
activity. However, these land use variables do not have significant odds ratios in the Cairo logit regression.
As such, the Cairo model shows that the probability of biking to a near destination is more associated
with the other parameters, such as gender, age, and household car ownership. In other words, because
of the impacts of the other factors, the probability of cycling in neighborhoods with good connectivity is
not significantly different from the neighborhoods with low link–node ratio and intersection density.
This finding is similar to some studies in the western context [60] and the MENA cities [91,92], indicating
that other parameters such as social and cultural factors have more substantial effects than land use
factors (i.e., connectivity) on nonmotorized mode choices such as cycling.

Moreover, some studies indicate the important role of terrain slope and the elevation profile of
cities in their citizens’ cycling behaviors and mode choices [93–95]. The average terrain slope, which
is calculated in percentage, has a negative correlation with the tendency to cycle [96]. If the slope of
a road is more 3%, it is not convenient to cycle and control bikes, and consequently, the citizens are
less likely to cycle in this condition. [97]. In Tehran, the slope direction decreases from the north to
the south, which means the ground height reduces gradually from the north to the south of Tehran.
Regarding the topographic studies in Tehran, most areas have a slope between 0 and 3%, and some
small residential districts in the north of this city have a slope of more than 3% [97]. Therefore, for most
parts of Tehran (except some districts in the north part), the steep slopes of roads are not major barriers
for cycling. Two high plateaus surround Cairo in the east and the west. According to the topographic
studies in Egypt, Cairo’s average terrain slope is below that of the most bicycle-friendly cities in
the world [98]. Therefore, the average terrain slope of the neighborhoods does not make a problem for
cycling in Cairo.

4.4. Reasons for Not Cycling

The most observed reasons for Tehranian regular ridesourcing users not cycling are “social and
cultural problems” and “lack of biking facilities”. In the Cairo sample, the main excuses of regular
ridesourcing users for not cycling include “social and cultural problems”, “It is slow/takes too much
time”, and “the lack of biking facilities”. The social problems are the most observed reason in both cities,
which refer to social barriers to women cycling in public spaces in the MENA countries, inconvenience
in public areas, and fear of harassment. Davies et al. (2001) also reported social and cultural problems
as the main barrier against cycling in some British cities in 2001 [99]. However, the problems women
face when cycling are the dominant social barrier in Tehran and Cairo. Regarding this barrier in
the MENA region, it is necessary to raise public awareness about the health benefits and positive
environmental impacts of cycling, and encourage women to use bikes through cultural programs.

4.5. The Necessity for Improvement in Biking Infrastructure

The lack of cycling infrastructures is the second and third most observed reason for not cycling
among regular ridesourcing users in Tehran and Cairo, respectively. Some studies indicate the important
role of appropriate biking infrastructure in raising the tendency toward biking. Dill and Carr (2003)
indicated that improving biking infrastructure is associated with increasing bike use [100]. Moreover,
developing special bicycle facilities, such as bike lanes and adding traffic lights for cycling, decreases
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the risk of crashes and injuries and significantly improves cycling safety in cities, which consequently
encourages citizens to bicycle to their destinations more often. Therefore, these cities need to improve
the cycling infrastructure by increasing the special bike lanes, city bikes, and bike-sharing services.
The findings of this section confirm the suggestion of other similar studies, that increasing cycling
among citizens needs to be addressed by infrastructural improvements and changes in social and
individual perspectives on cycling [101–104].

4.6. Limitation and Further Research

In this paper, we studied the subjective reasons for not cycling in Tehran and Cairo. The findings
indicate the social and cultural problems as the major barriers to cycling in both cities. Therefore,
we suggest further qualitative and quantitative research into the impacts of social and cultural
problems on cycling in more detail, in order to distinguish the different social aspects in this field.
Moreover, in this study, we did not access the precise data of slope roads around the houses of each of
the respondents. Therefore, further research is proposed to study the impact of different road slopes
among the neighborhoods on citizens’ tendencies to cycle in Tehran and Cairo. Moreover, we propose
further research to gather more detailed data of the physiological conditions related to respondents’
age, so as to develop the models of bicycle mode choice in these two cities, with more explanatory
variables and their interactions.

5. Conclusions

This research studied the relationship between the regular use of ICT-based mobility services
such as ridesourcing and the biking mode choice in the MENA region (Tehran and Cairo). Its findings
suggest that although cycling does not have a considerable share in Tehran and Cairo’s modal split,
the frequent ridesourcing users are more likely to use bicycles than non-frequent users. This finding
shows the potential for online bike-sharing in both cities where this online mobility mode has not been
developed considerably in recent years. Following this, the people who regularly use online-based
ridesourcing also might use online bike-sharing more often for their near destinations in these two
cities. Moreover, the findings indicate that women and elderly citizens are significantly less likely to
cycle to a near destination than men in both cities.

Furthermore, the built environment parameters of the neighborhood, such as intersection density
and link–node ratio, have a significant positive correlation with the probability of biking in Tehran.
The reasons for not cycling are studied among regular ridesourcing users, and the results show that
social and cultural problems are the main barriers to the use of bicycles in both cities. Therefore,
our findings suggest developing a new shape of online bike-sharing, raising awareness of the health and
environmental benefits of cycling, particularly among women and older people, as well as improving
bike facilities to promote the share of cycling in Tehran and Cairo.
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Abstract: Like many other transit modes, the metro provides stop-to-stop services rather than
door-to-door services, so its use undeniably involves first- and last-mile issues. Understanding
the determinants of the first- and last-mile mode choice is essential. Existing literature, however,
mostly overlooks the mode choice effects of traffic safety perception and attitudes toward the mode.
To this end, based on a face-to-face questionnaire survey in Shenzhen, China, this study uses the
two-sample t-test to confirm the systematic differences in traffic safety perception and attitudes
between different subgroups and develops a series of multinomial logistic (MNL) models to identify
the determinants of first- and last-mile mode choice for metro commuters. The results of this study
show that: (1) Walking is the most frequently used travel mode, followed by dockless bike-sharing
(DBS) and buses; (2) Variances in traffic safety perception and attitude exist across gender and location;
(3) Vehicle-related crash risks discourage metro commuters from walking to/from the metro station
but encourage them to use DBS and buses as feeder modes; (4) DBS–metro integration is encouraged
by the attitude that DBS is quicker than buses and walking, and positive attitudes toward the bus
and DBS availability are decisive for the bus–metro and DBS–metro integration, respectively; and (5)
Substantial differences exist in the mode choice effects of traffic safety perception and attitudes for
access and egress trips. This study provides a valuable reference for metro commuters’ first- and
last-mile travel mode choice, contributing to developing a sustainable urban transport system.

Keywords: traffic safety; attitude; perception; objective factor; subjective factor; dockless bike-sharing;
vehicle-related crash; last mile; multinomial logistic; Shenzhen; China

1. Introduction

Cities are now encountering a large number of transport-related problems (mainly attributed to
the extensive use of private cars or car dependency), including traffic congestion, deteriorated traffic
safety situation, air pollution, increased vehicle emissions, environmental degradation, and excessive
consumption of natural sources. “Reclaiming the city from cars” has constantly been advocated.
Some of these vexing problems (e.g., air pollution) even adversely affect the population’s health [1–3].
Additionally, as a sustainable travel mode, transit (e.g., high-speed rail, metro, commuter rail, light rail,
tram, bus rapid transit, and conventional bus transit) provides a high-capacity, medium-/long-distance,
and low-emission transport service for residents. It contributes to overcoming car dependence and
redressing a wide variety of contemporary cumbersome urban problems [4]. Hence, transit has received
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immense popularity and gained substantial interest in recent years and has also been promoted in a
host of cities worldwide to facilitate people’s sustainable travel [5–7]. However, in general, it offers
stop-to-stop services (rather than door-to-door services) and thus cannot cover every location of a
city [8]. Poor transit accessibility, particularly in periphery areas, makes it hard, if not impossible,
to reach a goal of offering convenient transport services, thereby generating first- and last-mile
challenges for commuters [9,10].

The metro is a popular transit mode implemented in a multitude of cities, particularly large cities.
Many motorized (e.g., private car, bus, and taxi) and non-motorized (e.g., walk, bicycle, and scooter)
modes have been encouraged to serve as the feeder modes of the metro (or first-/last-mile modes
before/after riding the metro), thereby attracting more commuters to use the metro. In a great many
car-oriented U.S. metropolitan areas, park-and-ride is preferable, due in part to high car ownership
and poor transit service [11]. In European cities where cycling is pervasive and even viewed as a
cultural norm, bike-and-ride has gained enormous popularity [12]. By contrast, East Asian cities such
as Shanghai and Hong Kong tend to encourage the bus (e.g., feeder bus and public bus) as a way
of connecting the metro [13,14]. In addition to these traditional feeder modes, new types of shared
mobility services, such as bike-sharing and ride-sourcing, have recently been introduced to promote
metro use. For example, Ma et al. [15] suggest that for a 10% increase in bike-sharing ridership,
Metrorail ridership increases by 2.8% in Washington. The majority of dockless bike-sharing (DBS)
bikes are distributed around metro stations in Chinese cities [16]. These newly shared mobility services
contribute to solving the first- and last-mile problem [17].

However, the decision-making process of the feeder mode choice is complicated and is determined
by various factors. Previous studies offer insights into why individuals use specific transfer modes to
connect transit [18]. They mainly focus on “hard” factors such as socio-economic and demographic
characteristics, mandatory policies or requirements (e.g., wearing a helmet), and the physical
environment such as topography, weather conditions, and the built environment at the origin
and destination and around metro stations [7,19–23]. For instance, if parking space is available,
people with cars and young adults with bicycles will be likely to drive or ride, respectively, to transit
stations, [7,19]; transfer distance is fundamental to mode choice because different transfer modes usually
correspond to different distance ranges (e.g., if the walking distance to a transit station goes beyond a
certain threshold, residents will not choose to walk to transit) [23]; cycling-related facilities, such as
sheltered parking spaces and bicycle lanes, contribute to a bike-friendly environment, thereby attracting
bike-sharing–metro integration [24]. Besides, “soft” factors on the psychological aspect, such as attitude
and perception, are postulated to determine travel behaviors, which has prominently been discussed
in socio-psychological theories such as the theory of planned behavior (TPB) [25]. Traditional travel
behavior literature also recurrently suggests that traffic safety and individual attitudes are crucial
in shaping travel mode choice (e.g., [18,19]). The perceived traffic safety/risk affects the choice of
self-controlled travel modes, such as driving and cycling [26–28]. The role of attitudes in mode choices
could be as important as or even more important than the physical environment and socio-economic
characteristics [29–31], but this is still inconclusive. For example, individuals with favorable attitudes
toward a specific travel mode may likely use that mode [18,32]. Even though the effects of traffic safety
perception and attitudes on mode choice are widely acknowledged, to the knowledge of the authors,
limited studies have investigated (1) the impacts of the two psychological factors on the feeder mode
choice of the metro; and (2) how the impacts vary across metro commuters’ first- and last-mile trips.

To this end, based on a case study of Shenzhen, China, this study explores how the perceived
traffic safety and the attitude toward transfer modes correlate to the feeder mode choice of metro
commuters. A field questionnaire survey was conducted at many metro stations in Shenzhen, in which
the metro commuter’s transfer mode for the access/egress trip has been examined. The two-sample
t-test is used to confirm the systematic differences in traffic safety perception and attitudes between
different subgroups, and a series of multinomial logistic (MNL) models is developed to identify the
determinants of first- and last-mile mode choice for metro commuters. The study aims to address the
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following four research questions: (1) What is the mode share of access/egress trips in today’s Chinese
mega cities? (2) Do traffic safety perceptions and attitudes vary by gender and location? (3) Are
perceived traffic safety and attitudes toward transfer modes important in determining the transfer
mode choice? (4) Are the effects of perceived traffic safety and attitudes toward the mode different
between access and egress trips? We believe that this study contributes to the promotion of green and
healthy urban mobility and serves as a valuable reference for Chinese mega cities and other settings
with similar traffic conditions.

The remainder of the paper is organized as follows. Section 2 introduces existing feed modes.
Section 3 reviews the literature on the effects of perceived traffic safety and attitudes on feeder mode
choice. Section 4 presents the study context, questionnaire survey, and methodologies. Section 5 offers
the analyses of feeder mode share, the individual variance in perceived traffic safety and attitude,
and the modeling results. Section 6 provides policy implications, research limitations, and avenues for
future research. The final section (Section 7) concludes the paper.

2. Summary of Existing Feed Modes

Walking, a travel mode with economic, environmental, social, and health impacts [10,33], is often
used to reach a transit station (walk-and-ride). However, it requires the use of the human body as a
travel machine. Therefore, it is significantly restricted by travel distance [21]. Generally, the willingness
to walk can be well described by distance decay curves: after 800–1000 m, the mode share of walking
declines sharply.

The bicycle’s integration with transit (bike-and-ride) is also common for commuters. The synergy of
the bicycle and transit for access/egress trips can be summarized into three patterns: bicycle-and-transit,
transit-and-bicycle, and bicycle-on-transit (taking a bicycle on transit) [34,35]. There are many
preconditions for the bicycle-and-transit and transit-and-bicycle patterns, such as the ownership
of bicycles, available secure parking spaces, and parking facilities (e.g., shelter and parking dock)
around transit stations [36]. However, the bicycle-on-transit pattern is usually constrained by the
parking space or capacity on transit, which may bring conflicts between regular transit passengers and
bicycle–transit users [35]. Recently, bike-sharing services, including docked and dockless programs,
have been introduced to various cities (e.g., Paris, Singapore, and Shanghai). This makes the bike–metro
integration smarter, greener, and more economical because there is no need to bring bikes on transit
and worry about the issues of theft and maintenance [16,37].

As for motorized feeder modes, the motorcycle (two-/three-wheeled motor vehicle), which usually
carries 1–2 passengers, has a similar function with the taxi in many developing countries, such as
China, Thailand, Vietnam, and India [38,39]. Motorcycle drivers always wait at large-scale residential
areas and the exits of transit stations and solicit passengers. They often ride through narrow spaces
during traffic jams. Thus, as for passengers, the motorcycle is fast (or time-saving) and easy to
access. Moreover, in larger metropolitan areas, feeder buses, which are commonly operated in two
forms—demand-responsive transit and fixed-route transit [40]—have been introduced by transit
agencies to residents, especially those with poor transit accessibility. They perform well when the
to-transit distance is long [22].

The private car is an option to access transit stations, and it involves two manners: park & ride
and kiss & ride (i.e., passenger drop-off) [21]. The availability of park & ride facilities is a key factor for
commuters with cars [20]. However, using the private car as the feeder mode of transit, particularly
for the park & ride pattern, is more common in remote locations than downtown [41].

Other modes such as traditional and electric scooters, e-bike, taxi, and ride-hailing can serve as
the feeder modes of transit. However, few empirical studies have discussed their integration with
transit [42].
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3. Related Studies

3.1. Perceived Traffic Safety and Last-Mile Mode Choice

Traffic safety is usually measured by how unlikely accidents occur. It is reported that traffic accidents
kill about 1.2 million people all over the world each year [43]. Traffic safety is determined by many
factors, such as road characteristics, climate and weather, and—perhaps most importantly—vehicle
speeds [44]. Previous research confirmed that the higher the speed, the greater the possibility of traffic
accidents [28,45].

Perceived traffic safety refers to individuals’ perceived likelihood of an accident-free traffic
outcome (i.e., avoiding traffic accident and crash) [43,46]. It varies from person to person based on
their background (information and experience) and how they deal with risks [47,48]. For example,
Salonen indicated that men have a higher level of traffic safety awareness, in-vehicle security,
and emergency management than women [43]. Bordagaray et al. confirmed that young adults
(aged 34 years or below) perceive traffic safety as less important than older people do [1]. Moreover,
the built environment is associated with people’s safety perceptions. Intersection density and the
presence of major road crossings en-route were found to insensibly affect the individual’s perception
of safety, such as the fear of collision [28]. Safety concerns also come from heavy traffic, such as high
volume/speed of vehicles on streets [49,50].

Furthermore, the perception of traffic safety may significantly affect mode choice decision [51].
According to the TPB model, perceived behavior control, which means the perceived difficulty in
or ease of performing a behavior, is one of the socio-cognitive factors determining the individual’s
behavioral intention [25]. Moreover, a model for passenger transport developed by Van Wee [52]
summarizes elements shaping travel behavior, including activity locations, transport resistances,
needs, opportunities, and abilities. Typically, travel resistance consists of time, money, and other
non-monetary costs, such as the perceived risk of traffic. Specifically, the perception that a certain type
of transport mode is unsafe can be a psychological barrier to its use [53]. According to some empirical
studies, the number of occurred crashes can directly affect the safety perception of pedestrians and
bicyclists [54], thereby influencing active transport behaviors. Aziz et al. [55] also indicated that
decreasing traffic crashes on pedestrians and bicyclists led to an increase in the likelihood of walking
and cycling behavior. A recent study focusing on new safety challenges that autonomous vehicles
(AVs) introduce indicates that, among road users, cyclists have the lowest level of perceived safety,
followed by pedestrians and drivers, when their activities are near an AV [56].

3.2. Attitude and Last-Mile Mode Choice

Attitude can be defined as “global and relatively stable evaluations that people do about persons,
things or ideas” [57]. Thus, attitudes involve positive or negative views that people have in terms of
any aspect of reality [32,58]. According to existing literature [50,52,53], travel-related attitudes are
usually connected to preferences for destinations, routes, activities, and modes of transport. A more
general understanding of travel-related attitudes may also correlate with the individual’s beliefs
(e.g., environmentalism) [59].

Some behavior theories, such as the theory of reasoned action (TRA) and its extension, namely the
TPB, emphasized that the individual’s travel behavior is significantly influenced by attitudes. In TRA
and TPB models, attitude is a predictor of the individual’s behavioral intention, which is a predictor
of behaviors [25,60,61]. Travel behavior literature has well recognized the role of attitude in shaping
travel behavior [32,62,63]. In particular, the individual’s attitude toward travel modes is evidenced
to affect mode choice. For example, positive attitudes toward walking and cycling are related to
frequent physical activities (through active travel), discouraging the motorized mode usage (e.g., car
and bus) [32]. Thøgersen [64] found that a good attitude toward transit can predict transit use among
Danish residents based on a panel survey during 1998–2000. Tran et al. [59] investigated the specific
attitudes toward cars and buses and how such attitudes affect mode choice. They concluded that
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attitudes toward car use significantly affect the bus utility. Through a qualitative study in Porto
(Portugal), Beirão and Sarsfield Cabral [65] also demonstrated the significant role of attitude in
influencing the mode switch (from the car and public transit) for commuters. They suggested that
improving the levels or images of public transit services could be effective to attract occasional public
transport users and car users. Additionally, the relative attitudes among transport modes play a crucial
role in affecting mode choice. He and Thøgersen [66] revealed that people’s favorable attitudes toward
transit (relative to cars) make transit more attractive. In a similar vein, people who prefer cars to public
transport tend to travel by car.

In addition to the specific attitude toward the travel mode, the travel behavior effects of general
attitudes with a broad concept have been studied. For example, a positive attitude toward physical
activity promotes bicycling and walking behaviors [67]. Based on samples of Swedish commuters,
Johansson et al. [27] found that attitudes toward flexibility and comfort influence mode choice.
Additionally, some studies incorporated attitudes to analyze the influences of environmental awareness
and sustainability concerns about mode choice and demonstrated the role of these attitudes [32,68].

However, studies on the effect of traffic safety and attitude toward mode choice are still scarce in
terms of the specific condition of feeder trips. Previous studies have mostly investigated mode choice
for general trips but paid limited attention to the first- and last-mile trips. Therefore, more sophisticated
analyses are indispensable to explore the associations between traffic safety, attitude, and feeder
mode choice.

4. Data and Methodology

4.1. Study Area: Shenzhen

Shenzhen, a famous international metropolis located on the southern coast of China and adjacent
to Hong Kong, is selected as our study area. In 2019, Shenzhen had a population of 13.44 million and
covered an area of 1997 km2, indicating a high population density (6730 people/km2). Shenzhen had a
vast amount of GDP in 2019 (390.34 billion dollars), ranking third in China. Over the last ten years,
Shenzhen has widely been known as one of the Tier 1 cities in China (the other three cities are Beijing,
Shanghai, and Guangzhou) [69]. Compared to other Asian modern cities, the GDP of Shenzhen is only
smaller than Tokyo but larger than Singapore, Hong Kong, and Seoul. Additionally, Shenzhen has a
large-scale metro system, which has opened since 28 December 2004. As of October 2020, Shenzhen has
11 metro lines, 237 metro stations, and a total mileage of 411 km (Figure 1). The daily ridership in 2018
was 5.14 million [37], ranking fourth in Mainland China. It is comparable to Hong Kong and Seoul but
falls behind Tokyo. Therefore, Shenzhen is a representative modern city in China and also in East Asia.

The metro is an important travel mode for commuters, accounting for over 40% of trips taken
by residents [37]. According to an online report issued by the Shenzhen Rail Transit Construction
Headquarters Office, the average daily metro ridership and the per-km passenger volume in 2019
were 5.57 million and 19.2 thousand, respectively (Top Five in Mainland China) [70]. After the city has
officially been designated as a “Transit Metropolis (gongjiao dushi)” by the Ministry of Transport of
China, the local government has implemented a series of policy measures, such as establishing bus
stops and allocating shared bikes (i.e., public bicycle and DBS) around metro stations, to promote the
seamless connection between the metro and its feeder modes.

Although Shenzhen witnessed an accomplished development of public transit, it experienced
a sharp growth of private cars over the last decade. As of 2018, the number of motor vehicles in
Shenzhen was approximately 3.37 million, and the total length of the road was 6443 km. This means
that the density of motor vehicles (522.58 vehicles/km) is very high, which may result in an increased
risk of traffic safety issues such as pedestrian/bicycle/vehicle-related crashes. Obviously, traffic safety
issues are more acute in metro catchment areas with concentrated populations and vehicles than in
other areas.
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Figure 1. Study context of Shenzhen. Note: Since 2019, 70 new metro stations and 114.3 km metro lines
have been built [37].

4.2. Data and Variables

4.2.1. Data

As formerly mentioned, this study aims to identify factors influencing the feeder mode of the
metro, paying special attention to perceived traffic safety and attitude; and feeder mode includes
walking, DBS, private bicycles, buses, taxi/Didi, cars, scooters, and other modes. We, therefore, collected
the data by conducting a field questionnaire survey at 22 randomly selected metro stations in Shenzhen,
China, between October and November in 2019 (Figure 1). During the survey, rainy days were excluded.
Metro users who entered or left from the metro station during 7:30 a.m. and 9:00 a.m. were randomly
selected as the survey samples. Given that metro commuters are usually in a hurry during the morning
peak time, the respondents were requested to keep a leaflet with a quick response (QR) code. Thus,
metro passengers can complete the questionnaire in their leisure time by scanning the QR code.

The questionnaire was composed of several parts, including transfer mode choice, the individual’s
perceptions of and attitudes toward specific transport modes, and socio-demographic characteristics.
In this study, traffic safety concerns were measured in a subjective way by considering two safety
issues: pedestrian–bicycle crash and pedestrian/bicycle–vehicle crash. Metro users’ attitudes toward
typical first-/last- mile travel modes were investigated. Additionally, relative attitudes of metro users,
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such as DBS versus walking and DBS versus bus, were recorded. Furthermore, questions on the
attitude toward metro users’ ability to access DBS and buses and the attitude toward daily physical
activities were asked.

Questions related to traffic safety perception were designed by referring to the “Neighborhood
Environment Walkability Scale (NEWS)” questionnaire, which includes questions on individuals’
perceptions of the environment [71]. Based on the NEWS, a four-point Likert scale (i.e., “strongly
disagree” = 1, “somewhat disagree” = 2, “somewhat agree” = 3, and “strongly agree” = 4) was adopted
to assess the perceived traffic safety. Similarly, individual’s attitudes were evaluated by the four-point
Likert scale, thereby making the results comparable to those of perceived traffic safety.

We received 1702 questionnaires, 1167 of which were valid (valid rate = 68.57%). The number of
valid questionnaires for each metro station ranged from 30 to 93 (Figure 1). Among valid samples,
1086 respondents chose walking, DBS, or buses in access trips, while 1108 adopted one of these three
modes to finish their egress trips. These three popular feeder modes account for 93.06% and 94.94% of
the total trips in the access and egress scenarios, respectively, while other modes (e.g., private bicycle,
taxi, Didi, and scooter) constitute less than 7%.

4.2.2. Variables

Table 1 shows the measurements and descriptive statistics of perceived traffic safety variables,
attitude variables, and socio-demographic characteristics.

The average score of bicycle crash is approximately 3 (“somewhat agree”), which is modestly
larger than vehicle crash. This observation indicates that the bicycle-related crash could be a major
safety concern for metro users in first-/last-mile trips and may significantly affect metro commuters’
first-/last-mile mode choice. Similarly, metro commuters may face a risk of crashes with vehicles along
their feeder routes. As for the transport mode, metro riders usually have a positive attitude or fondness
toward non-motorized modes (including walking and cycling) but a negative attitude toward the bus
(the average score is only 2.3).

As for the access trip connecting home and the metro station, DBS/bus availability involves how
easy to find DBS bikes/bus stops around their home. In terms of the egress trip connecting the metro
station and the workplace, DBS/bus availability means that how easy to find DBS bikes/bus stops
around metro exits. However, we observe that many metro users agree that it is not easy to find a DBS
bike for both access and egress trips. By contrast, metro users hold an attitude that the bus stop is
relatively easy to access. Moreover, respondents usually want to have some daily physical activities.

Table 1 indicates that more male passengers (59%) participated in the survey than female
passengers (41%); most respondents were young (84% aged 35 years or below), well-educated (88%
hold a bachelor degree or above), and middle-income earners (68% earn between 5000 and 14,999 RMB
monthly); the respondents usually did not own a bicycle; and minimal differences in socio-demographic
characteristics existed between the two scenarios. However, most access trips occurred in suburban
areas (56.54%), while egress trips were largely concentrated in urban areas (79.69%). This observation
indicates the jobs-housing imbalance in Shenzhen: Many metro commuters live in suburban areas
because of low housing rent but work in urban areas with more job opportunities.

The feeder trip distance is calculated via a geographic information system by connecting the
geo-coded home/workplace addresses and the metro station reported by the respondents. The result
shows that metro users have a longer transfer distance of home–metro feeder trips (access trip, 766 m)
than that of the workplace–metro feeder trips (egress trip, 565 m).

303



IJERPH 2020, 17, 9402

T
a

b
le

1
.

M
ea

su
re

m
en

ts
an

d
st

at
is

ti
cs

of
va

ri
ab

le
s

of
sa

fe
ty

,a
tt

it
ud

e,
an

d
so

ci
o-

de
m

og
ra

ph
ic

ch
ar

ac
te

ri
st

ic
s

(N
(a

cc
es

s
tr

ip
s)
=

10
86

;N
(e

gr
es

s
tr

ip
s)
=

11
08

).

V
a

ri
a

b
le

D
e

sc
ri

p
ti

o
n

C
a

te
g

o
ry

a
n

d
/o

r
C

o
d

e
M

e
a

n
/P

e
rc

e
n

ta
g

e

A
cc

e
ss

T
ri

p
E

g
re

ss
T

ri
p

Ex
pl

an
at

or
y

va
ri

ab
le

s:
sa

fe
ty

an
d

at
ti

tu
de

Bi
cy

cl
e

cr
as

h
Ih

av
e

sa
fe

ty
co

nc
er

ns
ab

ou
tc

ra
sh

es
w

ith
a

bi
cy

cl
e

al
on

g
th

e
fe

ed
er

tr
ip

.

St
ro

ng
ly

di
sa

gr
ee
=

1;
So

m
ew

ha
td

is
ag

re
e
=

2;
So

m
ew

ha
ta

gr
ee
=

3;
an

d
St

ro
ng

ly
ag

re
e
=

4

3.
04

3.
15

Ve
hi

cl
e

cr
as

h
Ih

av
e

sa
fe

ty
co

nc
er

ns
ab

ou
tc

ra
sh

es
w

ith
a

ve
hi

cl
e

al
on

g
th

e
fe

ed
er

tr
ip

.
2.

45
2.

43
C

yc
lin

g
Il

ik
e

to
ri

de
a

bi
cy

cl
e.

3.
09

3.
09

W
al

ki
ng

Il
ik

e
to

w
al

k.
3.

15
3.

14
Bu

s
Il

ik
e

to
ta

ke
a

bu
s.

2.
34

2.
33

D
BS

Il
ik

e
D

BS
.

2.
97

2.
97

D
BS

vs
.w

al
ki

ng
It

hi
nk

D
BS

is
qu

ic
ke

r
th

an
w

al
ki

ng
to

co
nn

ec
tt

he
m

et
ro

.
2.

80
2.

81
D

BS
vs

.b
us

It
hi

nk
D

BS
is

qu
ic

ke
r

th
an

bu
se

s
to

co
nn

ec
tt

he
m

et
ro

.
2.

76
2.

77
Ea

sy
to

ta
ke

a
bu

s
It

hi
nk

it
is

ea
sy

to
ta

ke
a

bu
s

to
co

nn
ec

tt
he

m
et

ro
.

2.
95

2.
88

Ea
sy

to
fin

d
D

BS
It

hi
nk

it
is

ea
sy

to
se

ar
ch

fo
r

a
D

BS
bi

ke
to

co
nn

ec
tt

he
m

et
ro

.
2.

29
2.

60
Ph

ys
ic

al
ac

ti
vi

ty
Iw

ou
ld

lik
e

to
ha

ve
da

ily
ph

ys
ic

al
ac

ti
vi

ti
es

.
3.

14
3.

14

C
on

tr
ol

va
ri

ab
le

s:
so

ci
o-

de
m

og
ra

ph
ic

ch
ar

ac
te

ri
st

ic
s

G
en

de
r

M
al

e
or

fe
m

al
e

Fe
m

al
e

41
.1

6%
41

.3
4%

M
al

e
58

.8
4%

58
.6

6%

A
ge

/
<

25
ye

ar
s

32
.2

3%
32

.1
3%

26
to

35
ye

ar
s

51
.6

6%
52

.0
8%

36
to

45
ye

ar
s

12
.8

0%
12

.7
3%

>
46

ye
ar

s
3.

31
%

3.
07

%

Ed
uc

at
io

n
Ed

uc
at

io
n

st
at

us
M

id
dl

e
sc

ho
ol

or
be

lo
w

1.
93

%
1.

99
%

H
ig

h
sc

ho
ol

9.
85

%
10

.1
1%

U
ni

ve
rs

it
y/

C
ol

le
ge

75
.3

2%
75

.0
0%

G
ra

du
at

e
in

st
it

ut
e

12
.8

9%
12

.9
1%

In
co

m
e

M
on

th
ly

pe
rs

on
al

in
co

m
e

<
49

99
R

M
B

11
.9

7%
11

.8
2%

50
00

to
99

99
R

M
B

44
.9

4%
44

.6
8%

10
,0

00
to

14
,9

99
R

M
B

23
.3

9%
23

.2
9%

>
15

,0
00

R
M

B
19

.7
1%

20
.2

2%

Bi
cy

cl
e

ow
ne

rs
hi

p
N

o
89

.3
2%

88
.3

6%
Ye

s
10

.6
8%

11
.6

4%

Lo
ca

ti
on

Lo
ca

ti
on

of
th

e
fe

ed
er

tr
ip

U
rb

an
ar

ea
43

.4
6%

79
.6

9%
Su

bu
rb

an
ar

ea
56

.5
4%

20
.3

1%

Tr
an

sf
er

di
st

an
ce

Th
e

Eu
cl

id
ea

n
di

st
an

ce
of

th
e

tr
ip

(k
m

)
0.

76
6

0.
56

5

304



IJERPH 2020, 17, 9402

4.3. Methodology

This study applies two analysis approaches, namely the two-sample (two-tailed) t-test and the
multinomial logistic (MNL) model.

First, the two-tailed t-test is widely used to determine the statistical significance of difference
between the means of two groups. In this study, it was performed to identify the variance in traffic safety
perception and attitude among groups segmented by gender and location (male vs. female groups,
and passenger groups working/living in urban areas vs. those working/living in suburban areas).

Second, the MNL model is a popular method to relate a nominal (or categorical) outcome variable
to its predictors [72]. One of its assumptions is that the random components of the utilities of different
choices (error terms) are independent and identically distributed according to a Gumbel distribution
(extreme value distribution). Moreover, the MNL model has the property of proportional substitution
across alternatives (e.g., independent from irrelevant alternatives, or IIA) (recall the red bus-blue bus
problem). In this study, feeder mode choices are typically nominal outcomes (with no natural ordering)
and composed of three categories (i.e., walking, DBS, and bus). Thus, the MNL model fits well with
our research and thus was used to identify how the factors of perceived traffic safety and attitudes
are associated with first-/last-mile mode choice under two scenarios of access and egress feeder trips.
More information on the MNL model can be found in [73].

Two kinds of transfer trips, namely access trips and egress trips, were considered. Thus, two MNL
models (Access MNL model and Egress MNL model) are developed. As the name explicitly states,
the Access MNL model scrutinizes the determinants of feeder mode choice for access trips, while the
Egress MNL model does so for egress trips. Additionally, collinearity was assessed by calculating the
variance inflation factor (VIF), and the result shows that the VIF values of all variables were less than 5.

5. Results

5.1. Feeder Mode Choice of the Metro

Figure 2 presents the share of the three feeder modes. It suggests that walking is the most frequently
used mode by metro commuters for first- and last-mile trips, which is in line with many previous
studies [22,23,34]. For either access or egress trips, the mode share of walking (more than 70%) is far
larger than DBS (approximately 15%), closely followed by buses (about 10%). The relatively high share
of DBS as the feeder mode of the metro demonstrates the popularity of DBS–metro integration in the
study context. Compared with the share of the traditional docked bike-sharing (public bicycles) (4.4% in
Nanjing [22] and 7.04% in Beijing) [23], DBS accounts for a larger market share, which reveals that it
outperforms public bicycles in serving as the feeder mode of the metro. Furthermore, walking is more
commonly adopted in egress trips than in access trips (difference in mode share = 5%). Few differences
are observed between the two scenarios for DBS–metro integration, while metro users have a higher
willingness to transfer by buses for home-metro connection than workplace-metro connection.

Table 2 reveals the feeder mode choice of men and women. It indicates that feeder mode choices
substantially differ across genders. The male group has a similar share of walking with the female
group but a higher share of DBS and a lower share of buses for access trips. As for egress trips,
the differences in the share of three feeder modes between the two groups are subtle.

Table 3 shows the feeder mode choice in urban and suburban areas. Walking is preferable for
metro users who live/work in urban areas than those living/working in suburban areas. A possible
explanation for this observation is that the metro transit system is less developed in suburban areas,
thereby generating a longer transfer distance unsuitable for walking but suitable for riding buses.
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Mode share

Feeder
mode

Figure 2. Share of the three feeder modes.

Table 2. Feeder mode choice of men and women.

Mode
Access Trip Egress Trip

Female Male Female Male

Walking 72.71% 70.27% 76.64% 75.85%
DBS 11.41% 17.21% 13.54% 15.23%
Bus 15.88% 12.52% 9.83% 8.92%

Table 3. Feeder mode choice in urban and suburban areas.

Mode
Access Trip Egress Trip

Urban Area Suburban Area Urban Area Suburban Area

Walking 75.85% 67.75% 80.29% 60.00%
DBS 16.31% 13.68% 12.68% 21.78%
Bus 7.84% 18.57% 7.02% 18.22%

5.2. Variance in Perceived Traffic Safety and Attitude

Ample evidence shows that traffic safety perception is associated with gender [56,74] and
location [75]. We, therefore, considered the variance in perceived traffic safety across genders
and home/workplace locations. However, the variance in attitudes is usually correlated with
socio-demographic characteristics, such as gender [43], so we made a comparison between male
and female groups. We calculated the mean difference along two dimensions (gender (female versus
male) and location (urban versus suburban areas)) and conducted two-sample t-tests. The mean
differences were obtained as follows: male metro users minus female metro users, and metro users
with a home/workplace located in urban areas minus those with a home/workplace situated in
suburban areas.

Table 4 shows the result of the two-sample t-test. The perceived traffic safety significantly varies
across gender and location. Compared with male metro users, female counterparts perceive a higher
risk of vehicle-related crashes but a statistically equivalent risk of bicycle-related crashes. Moreover,
the perceived risk of bicycle and vehicle crashes could be more obvious in suburban areas than in
urban areas for access trips (connecting the home and the metro), but the reverse is true for egress trips
(connecting the workplace and the metro).

306



IJERPH 2020, 17, 9402

Table 4. Two-sample t-test results of individual variance in perceived traffic safety and attitude.

Variable
Male vs. Female Passengers Urban vs. Suburban Location

Difference of Mean F Sig. Difference of Mean F Sig.

Access feeder trip (home-side, N = 1086)
Bicycle crash 0.049 1.120 0.290 0.210 *** 21.074 0.000
Vehicle crash −0.071 * 2.003 0.097 0.152 *** 9.311 0.002
Cycling 0.051 1.193 0.275
Walking 0.038 0.613 0.434
Bus −0.004 0.008 0.929
DBS 0.028 0.457 0.499
DBS vs. walking 0.162 *** 10.068 0.002
DBS vs. bus 0.030 0.339 0.561
Easy to take a bus −0.111 ** 4.371 0.037
Easy to find DBS 0.113 ** 4.299 0.038
Physical activity 0.119 *** 11.400 0.001

Egress feeder trip (workplace-side, N = 1108)
Bicycle crash 0.040 0.813 0.367 −0.124 ** 5.169 0.023
Vehicle crash −0.103 ** 4.031 0.045 −0.187 *** 8.960 0.003
Cycling 0.044 0.875 0.350
Walking 0.038 0.630 0.427
Bus −0.003 0.004 0.947
DBS 0.034 0.665 0.415
DBS vs. walking 0.146 *** 8.147 0.004
DBS vs. bus 0.045 0.754 0.385
Easy to take a bus 0.007 0.017 0.897
Easy to find DBS 0.049 0.785 0.376
Physical activity 0.123 *** 12.462 0.000

Note: *** p < 0.01; ** p < 0.05; * p < 0.1.

Table 4 reveals no significant difference in attitudes toward feeder modes (i.e., cycling, walking,
bus, and DBS) between male and female metro users. However, compared with female metro users,
male counterparts are more likely to hold an attitude that DBS is quicker than walking to connect
the metro. Moreover, male metro users also have a higher willingness to carry out some daily
physical activities than their female counterparts. Such a result is consistent with the work of Lee [76],
which reveals that the female is less likely to be active than the male. Additionally, it is observed that
the attitudes toward searching buses and DBS differ between male and female groups for their access
trips connecting home and the metro. We found that female metro users think it is easier to take a
bus but more difficult to search for DBS bikes around their home than male metro users. It is possible
that compared with the female, the male is more likely to overestimate the bus waiting time, which is
measured by a ratio of perceived waiting time to actual waiting time [77].

5.3. MNL Modeling Results

Tables 5 and 6 present the MNL modeling results for access and egress trips, respectively,
using walking as the reference group. The Pseudo R2 of Access and Egress MNL models (0.237 and
0.206) indicate that the MNL models have acceptable goodness of fit. Obviously, the MNL models can
explain more variances in the access integrated use than the egress integrated use.

5.3.1. The Role of Perceived Traffic Safety

The vehicle-related safety concern has significant effects on the feeder mode choice,
while bicycle-related safety risk does not play such a significant role. The perception of bicycle-related
crashes only affects mode choice between DBS and walking for access trips. A one-unit increase in the
score of the perceived bicycle-related crash decreases the odds for choosing DBS relative to walking by
23.6% (= 1–0.764), holding all the other variables constant.
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A higher perceived risk of the vehicle-related crash encourages the choices of DBS and buses rather
than walking to/from the metro station. For instance, high-speed vehicles crossing the intersections
may make pedestrians feel dangerous. Thus, the exposures to vehicle-related crashes are deterrents for
walk–metro users. Bikeway can provide cyclists with safety protection from the vehicle crash, and the
bus is a sheltered mode protecting commuters from slight collisions with vehicles. For access trips,
we see a 35.4% and 46.4% increase in the odds for opting for DBS and buses, respectively, relative to
walking for a one-unit increase in the perceived risk of the vehicle-related crash, while the values for
egress trips are 30.2% and 31.6%, respectively. This finding indicates that metro passengers are more
affected by vehicle-related safety risks for access trips than for egress trips.

5.3.2. The Role of Attitude

Specific attitudes toward transport modes are observed to have an essential role in determining
mode choice. As many previous studies concluded, bike-sharing mostly replaces walking for
travel [78,79]. Our results reveal that a positive attitude toward DBS and cycling behavior but a
negative attitude toward walking can significantly promote the likelihood of adopting DBS rather than
walking as the feeder mode. More specifically, every one-unit higher in the score of cycling attitude
can increase the odds for choosing DBS relative to walking by 87.8% (= 1.878–1) for access trips and
27.6% (= 1.276–1) for egress trips; a one-unit increase in the DBS attitude score increased the odds for
opting for DBS relative to walking by 127.9% (= 2.279–1) and 60.9% (= 1.609–1) for access and egress
trips, respectively. However, the odds for adopting DBS relative to walking will decrease by more than
30% for each unit in an increase in the walking–attitude score (OR = 0.700 in the Access model and
OR = 0.647 in the Egress model). Similarly, by comparing the coefficients of the same variable, we find
that favorable attitudes toward DBS and cycling behavior also promote the substitution effect of DBS
to buses as the feeder mode. Moreover, it is found that the attitude toward buses does not significantly
affect mode choice. We only observe that a negative attitude toward walking increases the possibility
of choosing buses for an access trip, particularly when the bus service is easily perceived to be offered
around the home. This observation is reasonable.

Relative attitudes between travel modes are also crucial to metro passengers’ feeder mode choice.
If metro users think that DBS is faster than walking to connect the metro station, they will have a higher
possibility of adopting DBS as the feeder mode (OR = 1.631 in the Access model and OR = 1.921 in the
Egress model). Moreover, a relative attitude that DBS is quicker than buses can increase the odds of
choosing DBS as an egress mode. Our results are consistent with the study by Heinen and Bohte [18].

Tables 5 and 6 also show significant effects of the attitude toward DBS/bus availability on the
feeder mode choice, mostly applicable for the access trip scenario. It shows that, for access trips,
an attitude of easy access to the bus stop can add the willingness to take buses rather than walk
for connecting the metro. Moreover, a positive attitude of searching for DBS bike around the home
significantly increases the odds of DBS–metro integration. This outcome indicates a self-reinforcing
effect in terms of the attitudes toward the DBS/bus availability. Furthermore, the perception of ease
of searching for DBS bikes is crucial for replacing walking with DBS for both access and egress trips.
However, the attitude toward physical activity is insignificant in affecting the feeder mode choice.

5.3.3. The Role of Socio-Demographic Characteristics

The socio-demographic characteristics are strongly related to the feeder mode choice. This outcome
is in line with existing literature [22,23,80]. More specifically, our results show that DBS is preferable
for males than females to finish their access trips, while no significant difference exists between genders
for egress trips. Age and income significantly affect the feeder mode choice of egress trips, but not
that of access trips. Compared to those under 25 years, young adults (26 to 35 years) have a higher
willingness to opt for DBS relative to walking (OR = 1.745) in egress trips. However, older adults
prefer using buses (relative to walking) for egress trips. Interestingly, we found that middle- and
high-incomers (monthly income > 5000 RMB) are more likely to walk than taking buses as their major
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mode for access trips. Buses are usually crowded during peak hours and lack privacy, which is what
high earners care about.

Table 5 shows that, compared with urban peers, suburban respondents are more likely to transfer
by buses than walking for the access trip (home-to-metro); and that compared with suburban residents,
urban peers are more likely to use DBS than walking for the access trip. The two findings are reasonable.
On the one hand, metro accessibility is lower in suburban areas, and access distance to the metro
station is longer. Suburban commuters cannot reach the metro by walking as their urban peers do,
so buses are preferable for them (relative to walking). On the other hand, cycling infrastructures are
more developed in urban areas than in suburban areas, leading to a higher willingness to transfer by
DBS. Thus, DBS is more prevalent in cities than in suburban areas.

Table 6 indicates that for egress trips (metro-to-workplace), walking is more likely adopted in
urban areas, while DBS and buses are more prevalent in suburban areas. Three possible reasons could
be proposed. First, in urban areas, the dense distribution of the metro system in urban areas makes it
unnecessary to transfer by DBS and buses because of the short transfer distance. Second, the heavy
traffic condition in urban areas (e.g., traffic congestion) may be perceived to be unsafe by cyclists,
whereas riding buses is time-consuming and unnecessary in most cases in urban areas of Shenzhen,
a quintessential transit-dependent city. Third, the high quality of pedestrian infrastructures in urban
areas means high walkability, which is friendly to pedestrians.

Moreover, transfer distance is significantly associated with the feeder mode choice, which is in
agreement with previous studies [16,23]. Our results also show that DBS and buses are attractive for
long-distance trips in the two scenarios. Additionally, the coefficient of the variable Transfer distance
in the Bus model is larger than that in the DBS model, indicating that the substitution effect between
bus and walking is more significant than that between DBS and walking when the transfer distance is
reasonably long.

Table 5. Results of the access MNL model (reference group: walking, N = 1086).

Variable
DBS Bus

Coef. Odds Ratio Std. z Coef. Odds Ratio Std. z

Safety and attitude variables
Bicycle crash −0.269 ** 0.764 0.146 −1.99 0.028 1.028 0.135 0.19
Vehicle crash 0.303 ** 1.354 0.135 2.39 0.381 *** 1.464 0.127 2.82
Cycling 0.630 *** 1.878 0.164 3.84 0.069 1.071 0.164 0.42
Walking −0.357 *** 0.700 0.148 −2.60 −0.285 * 0.752 0.138 −1.92
Bus −0.018 0.982 0.282 −0.07 0.318 1.374 0.258 1.13
DBS 0.824 *** 2.279 0.180 4.14 −0.213 0.809 0.199 −1.18
DBS vs. walking 0.489 *** 1.631 0.158 3.13 0.277 * 1.319 0.156 1.75
DBS vs. bus −0.028 0.972 0.183 −0.16 −0.260 0.771 0.171 −1.42
Easy to take a bus −0.396 ** 0.673 0.201 −2.36 0.599 *** 1.821 0.168 2.98
Easy to find DBS 0.605 *** 1.832 0.129 5.05 −0.098 0.906 0.120 −0.76
Physical activity −0.263 0.768 0.192 −1.38 −0.153 0.858 0.191 −0.80

Control variables

Gender (reference: female)
Male 0.342 * 1.407 0.222 1.59 −0.181 0.835 0.215 −0.81

Age (reference: under 25 years)
26–35 years 0.187 1.206 0.263 0.78 0.138 1.148 0.241 0.53
36–45 years −0.468 0.626 0.358 −1.28 0.366 1.442 0.367 1.02
Over 46 years −0.387 0.679 0.644 −0.63 −0.015 0.985 0.613 −0.02

Education (reference: middle school or below)
High school −0.137 0.872 0.758 −0.19 −0.379 0.684 0.728 −0.50
College/University −0.276 0.759 0.718 −0.40 −0.573 0.564 0.694 −0.80
Graduate institute −0.523 0.593 0.786 −0.69 −0.419 0.658 0.753 −0.53
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Table 5. Cont.

Variable
DBS Bus

Coef. Odds Ratio Std. z Coef. Odds Ratio Std. z

Income (reference: <4999 RMB)
5000 to 9999 RMB 0.132 1.141 0.323 0.39 −0.608 * 0.544 0.336 −1.89
10,000 to 14,999 RMB 0.206 1.229 0.401 0.54 −1.134 *** 0.322 0.379 −2.83
>15,000 RMB −0.239 0.788 0.413 −0.56 −0.781 * 0.458 0.423 −1.89

Bicycle ownership (reference: no)
Yes 0.203 1.225 0.322 0.65 0.600 * 1.822 0.314 1.86

Home location (reference: urban area)
Suburban area −0.351 * 0.704 0.236 −1.69 0.397 * 1.487 0.208 1.68
Transfer distance 0.972 *** 1.001 0.158 5.98 1.298 *** 1.001 0.163 8.21
Intercept −6.378 *** 0.002 1.249 −5.16 −3.678 *** 0.025 1.237 −2.95

Pseudo R2 0.237
Log-likelihood −661.507

Note: *** p < 0.01; ** p < 0.05; * p < 0.1.

Table 6. Results of the egress MNL model (reference group: walking, N = 1108).

Variable
DBS Bus

Coef. Odds Ratio Std. z Coef. Odds Ratio Std. z

Safety and attitude variables
Bicycle crash −0.186 0.830 0.163 −1.38 −0.089 0.915 0.135 −0.55
Vehicle crash 0.264 ** 1.302 0.144 2.13 0.275 * 1.316 0.124 1.91
Cycling 0.244 * 1.276 0.181 1.65 −0.015 0.985 0.147 −0.08
Walking −0.435 *** 0.647 0.163 −3.23 −0.255 0.775 0.135 −1.56
Bus 0.029 1.029 0.322 0.11 0.140 1.150 0.259 0.43
DBS 0.475 *** 1.609 0.200 2.60 0.068 1.070 0.183 0.34
DBS vs. walking 0.653 *** 1.921 0.170 4.02 0.079 1.082 0.162 0.47
DBS vs. bus 0.428 ** 1.535 0.201 2.42 −0.127 0.881 0.177 −0.63
Easy to take a bus −0.202 0.817 0.204 −1.27 0.066 1.069 0.160 0.33
Easy to find DBS 0.261 ** 1.298 0.135 2.35 0.053 1.055 0.111 0.40
Physical activity 0.236 1.266 0.213 1.26 0.047 1.048 0.187 0.22

Control variables

Gender (reference: female)
Male 0.141 1.152 0.246 0.68 −0.034 0.967 0.208 −0.14

Age (reference: under 25 years)
26–35 years 0.557 ** 1.745 0.296 2.32 −0.015 0.986 0.240 −0.05
36–45 years 0.387 1.473 0.385 1.14 0.791 ** 2.207 0.340 2.06
Over 46 years 0.302 1.353 0.570 0.51 1.026 * 2.789 0.594 1.80

Education (reference: middle school or below)
High school −0.321 0.725 0.697 −0.48 −1.021 0.360 0.671 −1.46
College/University −0.996 0.369 0.647 −1.56 −1.381 ** 0.251 0.638 −2.13
Graduate institute −1.419 * 0.242 0.754 −1.94 −1.299 * 0.273 0.730 −1.72

Income (reference: <4999 RMB)
5000 to 9999 RMB 0.028 1.029 0.367 0.09 −0.219 0.803 0.313 −0.60
10,000 to 14,999 RMB −0.502 0.605 0.444 −1.36 −0.589 0.555 0.368 −1.33
>15,000 RMB −1.180 *** 0.307 0.476 −2.78 −0.706 0.493 0.425 −1.48

Bicycle ownership (reference: no)
Yes 0.215 1.240 0.341 0.72 0.406 1.500 0.298 1.19

Workplace location (reference: urban area)
Suburban area 0.445 * 1.560 0.272 1.91 0.489 * 1.630 0.233 1.80
Transfer distance 1.143 *** 1.001 0.194 5.96 1.605 *** 1.002 0.192 8.29
Intercept −6.796 *** 0.001 1.275 −5.42 −2.282 * 0.102 1.255 −1.79

Pseudo R2 0.206
Log-likelihood −622.990

Note: *** p < 0.01; ** p < 0.05; * p < 0.1.
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6. Discussion

Like many other transit modes, the metro offers commuters stop-to-stop services instead of
door-to-door services. First- and last-mile issues are, therefore, inevitable for metro trips [10]. A synergy
between the metro and other travel modes, either motorized (e.g., bus and car) or non-motorized
(e.g., walking and cycling), brings potentials to promote urban mobility through addressing the first-
and last-mile problem [11,21]. Identifying the determinants of the feeder mode choice is, therefore,
dispensable for understanding the first-/last-mile behavior of metro commuters.

This study contributes to the literature in three aspects. First, we explored the feeder mode choices
of metro commuters in the Chinese mega-city context featured with unique characteristics of feeder
behaviors, thereby generating diverse targeted implications for improving the seamless connection of
metro transit. Second, the discussion of DBS, the newly emerged transport mode that has profoundly
reshaped feeder mode choices, enriches the traditional transport research on multimodal behavior.
Third, we compared the effects of traffic safety perception and attitudes on the feeder mode choices
between access and egress feeder trip scenarios, which have been scarcely discussed in the literature.

This study provides a useful reference to guide metro users to choose reasonable feeder modes
for connecting the metro transit with optimal utilities. Its findings also provide DBS/bus operators
and the local government with a valuable reference for the management and improvement of the first-
and last-mile. For instance, setting sideways and exclusive bikeways may improve safety perception,
thereby encouraging active travel modes (e.g., walking and cycling) for connecting the metro transit [24].
Appropriate distributions of DBS bikes and bus stops near origins/destinations in metro catchment
areas and close to metro entrances/exits are indispensable for fostering a good attitude toward DBS/bus
usage [16]. During peak hours at metro entrances/exits, DBS bikes are excessively allocated and
parked disorderly, whereas the queue for the bus is usually long, clogging the road. Thus, effective
management for metro connection around metro entrances/exits is necessarily provided by local
transport departments or bureaus. Moreover, available feeder services (e.g., bus lines, fare discount
scheme, smart card, and real-time information system) and people-friendly facilities (e.g., bicycle
parking space, protected shelters, benches, sidewalks, and exclusive bikeways) in metro catchment
areas are suggested to be offered by local transport departments or bureaus [24,38]. More attention
and efforts should be paid to suburban areas where feeder services and facilities are less equipped.
These measures aiming at a seamless metro transit connection contribute to promoting metro usage or
facilitating the modal shift from the car to the metro transit, thereby benefiting sustainable development
urban transport. Furthermore, in today’s era with diversified last-mile travel choices, we hope that our
topic can ignite a tremendous fascination from local and international researchers.

However, there are some limitations that deserved future research. First, limited by the
questionnaire design, we only include two traffic safety variables (bicycle crash and vehicle crash)
in the MNL models. As such, more perceived safety factors such as in-vehicle safety in buses and
cars should be considered in future studies [43]. Second, attitude factors are insufficiently considered.
For example, the attitudes toward economic cost and environmental awareness, which this study fails
to capture, may affect the decision-making process of feeder trip mode choice. Third, attitudes may be
shaped by objective, physical factors. For example, the attitude towards bus/PBS availability is likely
related to the objective level of service. In a similar vein, perceived traffic safety is possibly associated
with the actual number of accidents. As such, exploring the interplay between objective factors and
(subjective) attitudes (e.g., objectively measured and perceived service quality) is worthy of examination.
Fourth, future studies can be devoted to exploring the relationships between traffic safety, attitude,
socio-demographic characteristics, and feeder mode choice by revealing the underlying mediation or
moderation effects. Last but not least, as travel behavior is jointly shaped by socio-economic variables,
the physical environment (built environment + natural environment), and perceptions or attitudes,
examining the relative importance of all the independent variables and determining which category
plays a larger role in shaping travel behavior is worthy of investigation. Machine learning techniques

311



IJERPH 2020, 17, 9402

(e.g., support vector machine, decision tree, random forest, gradient boosting decision tree, and extreme
gradient boosting model) are recommended to be adopted in future studies.

7. Conclusions

In a departure from existing literature, this study explores how perceived traffic safety and attitude
factors are associated with metro commuters’ feeder mode choice during the morning peak time.
Our analysis results basically answer our four research questions (see Section 1) and can be listed as
follows. (1) Walking is the most frequently used mode for connecting the metro (accounting for over
70%), followed by DBS and buses. The high feeder mode share of walking and DBS is unique in the
context of Mainland Chinese mega cities, which differs from European and North American cities;
(2) Variances in traffic safety perception and attitude exist across gender and space; (3) The variance in
the attitude toward the feeder mode between genders is minimal (or subtle), but men’s attitude toward
the DBS/bus availability remarkably differs from women’s; (4) The vehicle-related crash risk usually
discourages walking but supports the DBS and buses as transfer modes, whereas the bicycle-related
crash is a barrier of transfer by DBS for access trips; (5) Positive attitudes toward cycling and DBS make
DBS competitive as a feeder mode. A good attitude toward walking promotes walk–metro integration,
but the attitude toward buses does not matter in the feeder mode choice; and (6) Perceived traffic safety
and attitudes toward the mode play different roles in shaping first- and last-mile mode choices.
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Abstract: University students are particularly at risk to suffer from physical and psychological
complaints and for not fulfilling health-oriented physical activity (PA) recommendations. Since PA
is linked with various benefits for health and educational outcomes, the group of students is of
particular interest for PA promotion. Although active commuting has been identified as a relevant
domain of PA in order to gain the various benefits of PA, little knowledge is available with respect
to university students. This study tested conditions in the study environment, as well as personal
motivators and barriers, as determinants for the active transportation of university students. Using a
cross-sectional convenience sample of a university in the southwest of Germany (n = 997), we applied
factor analyses to bundle relevant information on environmental and psychological determinants
(adapted NEWS-G; adapted transport-related items from an Australian university survey) and
blockwise hierarchical regressions. The objective was to analyze associations between the bundled
determinants and self-reports on PA for transport-related walking and cycling (measured by the
EHIS-PAQ). Results revealed associations between transport-related cycling and the perceived study
environment (e.g., high automobile traffic) as well as certain personal motivators and barriers (e.g.,
time effort or weather conditions). The study contributes to the knowledge about determinants that
are important for the development and improvement of public health interventions for students in a
university setting.

Keywords: active transportation; physical activity; perceived study environment; psychological
determinants; motivators; barriers; university students; socio-ecological approaches

1. Introduction

Academic studies often impose high demands on university students, which can be
associated with negative effects on health. Students suffer more often from perceived
stress [1] and from physical and psychological complaints than their peers [1–4]. As health
is positively related with physical activity (PA) and less sedentary behavior, these behaviors
can provide starting points for improving the students’ health: because students who are
more physically active through sports or everyday activities have fewer complaints and
a greater sense of well-being than inactive students [2,4–6]. For the same reason, active
transportation is associated with less obesity, less cardiovascular risk factors, and higher
physical fitness for students [7,8].

Since the transition from school to university often marks a particular risk for becom-
ing physically inactive [9], the group of students is of particular interest for PA promotion
in order to gain health benefits. According to current guidelines for health-enhancing PA,
about half of the students in the United States, Canada, and China, 40% in Australia, and
67% in Europe are not sufficiently physically active [10]. Reasons for students’ physical
inactivity are increasing self-employment, increasing academic workload with resulting
problems in time management regarding work and social demands [8], and an increasing
distance from home to university [11].
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To counteract this, the promotion of PA in university settings is necessary. Due to the
increasing number of people who will study, universities have a growing potential to reach
a large mass of young adults in order to promote positive PA behavior, which will last in
later life. However, in contrast to school settings, the promotion of PA is not yet widespread
in university settings, which leads to a gap between school-based and workplace-oriented
approaches of PA promotion. Moreover, the knowledge about determinants of PA in
university students is scarce, but this knowledge is necessary to guide evidence-based PA
promotion in university settings [12].

Since the 2000s, PA promotion research has emphasized that the physical and social en-
vironment play an important role for PA behavior. Socio-ecological approaches increasingly
have taken this into account and complement individually-focused approaches [12]. For
example, Bauman and colleagues [12] as well as Bucksch and colleagues [13] differ between
personal/individual and contextual/environmental factors that contribute to differences in
PA behaviors. According to these basic ideas, Figure 1 schematically depicts individual and
contextual factors of students’ PA behavior which are important to understand in order to
develop and improve interventions for active transportation, which can lead to an higher
level of physical activity and in turn to a better health status [12]. Adapted to the university
setting, the perspective of students’ individual conditions is integrated into the perspective
of the surrounding conditions of the study environment, increasing the extent of the effect
radius of the PA promotion when regarded together [14–17]. Hence, this adaption follows
public health and socio-ecological approaches [13,15,18].

 

Figure 1. Schematic representation of the socio-ecological approach of PA promotion adapted to the
university setting (own presentation based on Bucksch et al. (2012) [13] and Bauman et al. (2012) [12]).

Some empirical studies in the university setting already exist, which have revealed
several factors important for the active transportation behavior of students [19–30]. The
results show basically that encouraging students to commute to university by bicycle or
by foot is linked with the learning environment as well as with the campus environment,
which deliver more or less activity-friendly physical environments.

The connectivity of the street network has been identified as an important determinant
for the cycling behavior of students [22,24,27,28,30]. This refers, for example, to intersection
density [28], street connectivity [24], and bicycle racks installed on buses to extend the
commuting distance [20]. Such improvements to the cycling infrastructure reduce effort
and time demands, which in turn mitigate the negative impact of distance [21,22,26,28,29]
and increase the likelihood of cycling for commuting reasons [30].

In addition, the availability and proximity of walking or cycling facilities encourage
students to cycle more [19–21,23,25,27,28,30]. However, also in terms of active commuting
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in general, the perception of walking and cycling facilities are positively associated with
active commuting to university [23].

The feeling of safety also contributes to increased active transportation of students.
Traffic safety, for example, based on traffic-calming measures [22], has been shown to be
important for the active commuting of students [19,22,27]. On the other hand, safety con-
cerns can lead to avoidance of active commuting. Such is the case, for example, with high
automobile traffic including sharing the roadway with automobile traffic [19]. Moreover,
crime issues are related to students’ active transportation behavior [21,25,27,28]; this refers
to personal safety as well as to bicycle security such as secure bicycle-parking racks and
lockers, and a high degree of safety against bicycle theft [22,25,27].

Finally, there are the aesthetic aspects, which are positively related to active transporta-
tion and are expressed, for example, by the “attractiveness of the surroundings” [27] (p. 72).

In addition to environmental conditions, potential personal motivators, and bar-
riers among students’ active forms of transportation are also known from empirical
studies [19,20,22,23,25,26,28]. For example, motivators such as concerns for the environ-
ment increase the probability of choosing bicycles [28]. Barriers such as travel costs [26,28]
or inclement weather [25] prevent students from active transportation. In addition to the
barrier of time effort [26], there are other types of effort that prevent students from active
transportation such as planning [23], inconvenience, time constraints [21], or physiological
discomfort [27].

The current state of research leaves open questions regarding the environmental and
personal determinants of active transportation behavior in university settings. So far, only a
few studies have dealt with such questions by considering environmental and psychological
determinants together. Especially the environmental variables have been less studied, but
are thought to have widespread effects for active transportation behavior [12]. Furthermore,
there is less known about the differentiation in various modes of active transportation,
as most often only general PA or a specific mode of transportation is considered. In
addition, there is a lack of consistent measurement methods. Since the relationship of
the environment to physically active behavior has also been studied in the community
neighborhood, various survey instruments have been established in the communities for
assessing the neighborhood environment [17,18,31–41]. None are yet available for the
study environment. Therefore, there is a lack of both a general more extensive survey
procedure of the PA-friendliness of the study environment and investigations on how this
relates to the two transport-related modes of PA, walking and cycling.

2. Purpose of the Study

The present study addresses the question of which conditions of the study environ-
ment as well as personal motivators and barriers are related to the active transportation
behavior of university students. Relationships are considered separately for transport-
related walking and cycling because different modes of transportation can have different
interactions with the environment.

This question is addressed because students are particularly at risk of not fulfilling
health-oriented PA recommendations and active transportation has been shown to be a
relevant domain of PA that brings various health-promoting benefits of PA. As students
suffer from physical and psychological complaints, promoting active transportation could
counteract this. This requires specific knowledge of socio-ecological determinants. So
far only a few studies have considered both personal and environmental determinants
together [22,23,27].

By this study, additional specific knowledge about why students walk or cycle will be
gained to support the implementation of specific interventions in the university setting to
improve personal health and, beyond that, public health.

To achieve the purpose of the study, two steps are carried out. Since there is no
established survey instrument available for the study environment, in a first step the ques-
tionnaire for the Neighborhood Environment Walkability Scale for Germany (NEWS-G)
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was adapted to the study environment. NEWS-G offers a comprehensive collection of envi-
ronmental characteristics across several sub-chapters and is one of the most widespread
measurement procedures of the perceived PA environment [31]. The adapted version
should represent a coherent construct for friendliness of the study environment regarding
transport-related PA. For the individual perspective, motivators/barriers that are interre-
lated will be exploratively clustered so that the relationships between them are considered.
In the second step, regression analyses will be conducted to empirically identify associa-
tions between individual as well as environmental factors and the two separate outcomes
of transport-related walking and cycling in terms of health-enhancing activity. We assume
that, in the context of the socio-economic approach, both psychological and environmental
factors are related to the active transportation behavior of university students.

3. Materials and Methods

3.1. Design, Setting, and Sample

The cross-sectional convenience sample for this study (n = 997) was formed by students
at the University of Tübingen in southwestern Germany who completed the survey. The
University of Tübingen represents an urban university setting integrated into an urban
hilly landscape. It consists of eight faculties plus a further five interfaculty institutes. More
than 200 courses of study are offered. The cross-sectional study was conducted as part
of the PA promoting project “BeTaBalance” of the university sports organization at the
Institute of Sports Science of the University of Tübingen. The study was performed online
for three weeks during the end of the university time of the summer semester in 2018 and
addressed all students at the university. The online questionnaire was distributed via the
university’s mailing list and Facebook posts, as well as outreach campaigns in cafeterias
and at university meeting points (e.g., the University library and lecture halls) using flyers
with a QR code leading to the link for the online questionnaire. The Ethics Commission of
the Faculty of Economics and Social Sciences at the University of Tübingen gave a positive
vote for the study procedures.

Of a total of 999 returned questionnaires, 997 form the sample of this study, since two
cases were not usable due to incomplete answers. Among the participants were 718 female
students (72%), 232 male students (23.3%), and 47 (4.7%) did not provide any gender
information. The average age of the surveyed students was 23.4 years (SD = 3.45), with
an age range from 18 to 42 years. A total of 224 students (22.5%) of the sample reported
that they are not living in town and commute to the university town (Table 1). In total,
26,151 students were registered in the summer semester 2018 of the University of Tübingen
(state 15 May 2018), resulting in a response rate of 3.8%. Of these, 58.2% were female and
42.8% were male. The sample in this study showed a shift toward more female students.

3.2. Measures
3.2.1. Physical Activity: Transport-Related Walking and Cycling

To assess PA, the instrument from the European Health Interview Survey (EHIS-
PAQ) was used, which records domain-specific information on PA for transport-related
walking and transport-related cycling [42]. The questionnaire enables the determination
of activity volume in different activity domains. In the domain of active transportation,
the participants answered the following questions, each worded in the same way, but
separately for walking and cycling in relation to a typical week: (a) “In a typical week, on
how many days do you walk/bicycle for at least 10 min continuously to get to and from
places?” and (b) “How much time do you spend walking/bicycling in order to get to and
from places on a typical day?” Activity volumes were determined in accordance with the
procedure in the validation studies [42] and were subsequently indicated as duration per
week (minutes or hours). Time values were transformed in metabolic equivalent (MET)
values using 3.3 as a factor for computing MET-minutes for walking and 6.0 for cycling,
which corresponds to the procedure in the validation studies [42]. As a guideline, 1 MET
equals the energy expenditure in the state of complete rest [43].
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Table 1. Overview of the sample as well as of the study variables according to physical activity (dependent variables),
perceived study environment, and personal motivators for and barriers to PA.

Variables (Number of Items of the Scale) n f f (%)

Sociodemographic characteristics
Residence: resident in university town

997
773 77.5

Residence: not resident in university town 224 22.5
Gender: female

950
718 24.4

Gender: male 232 75.6

r/α n M SD min max Skewness Kurtosis

Age 994 23.40 3.45 18 42 1.37 3.25

Physical activity
Transportation walking (METh/week) 1 993 9.31 9.17 0 40.15 1.55 2.11
Transportation cycling (METh/week) 2 991 8.71 12.21 0 51.00 1.63 2.19

Perceived study environment
Active transportation: uphill (1) 994 2.56 0.99 1 4 −0.02 −1.03
Active transportation: connectivity (1) 996 2.20 0.81 1 4 0.22 −0.47
Active transportation: walking/cycling

facilities (2) 0.51 993 1.55 0.57 1 4 1.04 1.06

Aesthetics (3) 0.60 992 2.24 0.59 1 4 0.07 −0.11
High automobile traffic (3) 0.69 989 2.32 0.63 1 4 0.24 −0.26
General crime (1) 997 1.25 0.53 1 4 2.32 5.75
Bicycle-related crime (1) 990 2.19 2.00 1 4 0.47 −0.12

Psychological determinants-Motivators
Study-related motivator (2) 0.53 971 2.78 0.84 1 4 −0.19 −0.82
Personal benefits (2) 0.42 983 3.00 0.75 1 4 −0.33 −0.65
Instrumental extrinsic (2) 0.43 888 2.55 0.93 1 4 −0.11 −0.97
Avoid air pollution (1) 983 2.69 0.07 1 4 −0.14 −1.01

Psychological determinants-Barriers
Personal (3) 0.69 975 1.77 0.68 1 4 0.87 0.29
Discomfort with study life (3) 0.77 837 2.11 0.88 1 4 0.41 −0.87
External (2) 0.48 990 2.25 0.82 1 4 0.45 −0.55

1 Factor 3.3 for computing MET-minutes for walking. 2 Factor 6.0 for computing MET-minutes for cycling.

3.2.2. Contextual Conditions: Perceived PA-Friendliness of the Study Environment

For the assessment of the perceived study environment, the German version of the
Neighborhood Environment Walkability Scale (NEWS-G) [44] was contextualized to the
university setting. Thus, it can be applied to everyday study life and it records the PA
friendliness of the study environment. The following two sections were relevant for
this article: (1) opportunities for walking and cycling (including land use mix–access,
street connectivity, walking/cycling facilities, and environmental design) and (2) (traffic)
safety (including crime) (Appendix A Table A1). Both areas consider relevant factors of
leisure-related resources, appearance, and land use, and they are also congruent with the
categories of the instrument “Neighborhood Active Living Potential” [45]. Both sections of
the adapted version of NEWS-G consist of different statements for which the participants
had to indicate their degree of agreement: 1 = totally disagree; 2 = more likely to disagree;
3 = more likely to agree; 4 = totally agree. For the purpose of the main analysis, the
items of the study environment were bundled to main factors in the pre-analysis to get
a dimensionally reduced yet statistically coherent measurement of the perceived PA-
friendliness of the study environment (see Section 4.1.1).

3.2.3. Individual Conditions: Psychological Determinants of Active
Transportation—Motivators and Barriers

The survey instrument of Shannon et al. (2006) guided the measurement of motivators
and barriers. This instrument was used in a study with university students in order to
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analyze motivators and barriers for active commuting [26]. All items include statements,
which should be rated according to the extent to which they either motivate or prevent one
toward or from engaging in active transportation behavior (e.g., Mot1, “Potential to save
money”, or Bar1, “Inappropriate weather” with the answer choices: 1 = not at all, 2 = a
little, 3 = strong, 4 = very strong). There was also an option, "I cannot judge", which was
included in this study for further analysis as an item-nonresponse, since a simultaneous
increase in the proportion of people who claim to have no opinion does not allow for the
attribution of an actual lack of opinion [46–48].

In addition, two items were added (Mot5, and Mot8) which describe study-related
motivator-items. Both were supplemented by the reasons for doing sports or PA, which
were asked in the questionnaire for the study “GEDA 2014/2015-EHIS” [49] (p. 118)
(Appendix A Table A2).

For barriers, three items were added which should account for the hilly conditions of
the university setting (Bar2), study-related barriers (Bar5), and barriers relating to mood or
desire (Bar12). Here, concerns of “GEDA 2014/2015-EHIS” [49] (p. 118) and the study by
Krämer and Fuchs [50] (p. 174) were used to complement the specific areas (Appendix A
Table A3).

Again, factor analyses were applied to obtain dimensionally reduced data on barriers
and motivators for active transportation. This was done in the pre-analysis in order to
bundle relevant information to be considered later in the main analysis (see Section 4.1.2).

3.3. Statistical Analysis

In a first step (pre-analyses), exploratory factor analyses (EFA) were conducted sep-
arately for the items measuring the study environment as well as for the psychological
determinants of active transportation (in terms of motivators and barriers). Therefore, the
IBM SPSS 25 software package was used. The decision regarding the number of factors
extracted was based on both statistical indices (eigenvalue scree plot, commonalities h2,
factor loadings, and internal consistency of bundled items r/α) as well as content-related fit
with the literature and the dimensions measured by the NEWS-G.

In a second step (main analyses), blockwise hierarchical regression analyses using
IBM SPSS AMOS 25 software was applied. This was done in order to analyze associations
between self-reports on PA, the perceived study environment, and psychological deter-
minants of active transportation. Dependent variables were, separately, transport-related
walking (A) and cycling (B). Firstly, in the blockwise procedure, sociodemographic factors
were included as predictors (sex, age, and whether or not a resident in the university town).
Secondly, determinants of the perceived study environment were included, and thirdly
the psychological determinants of motivators and barriers were added as predictors in the
regression model.

Missing values were estimated in the main analysis using the full information max-
imum likelihood (FIML) method implemented in AMOS 25. This was done in the case
when at least one item of a scale measure was missing. In those cases, no mean value was
calculated for the respective scale measure that could be included in the main analysis.
Accordingly, the number of cases n for certain scales was reduced due to missing scale
mean values.

For the evaluation of the global model fit, the root mean square error of approxima-
tion (RMSEA) [51], the comparative fit index (CFI) [52], and the minimum of discrepancy
in relation to the degrees of freedom (CMIN/DF) were used [51,52]. In order to com-
pare the different models within the hierarchical blockwise approach, information on the
determination of variance (R2) and the change of R2 compared to the previous model
were calculated.

Furthermore, the regression models were specified in a way that included significant
correlations between the predictors. This led to an acceptable and good model fit, which
ensures the model-based estimation of missing values. In addition to tests for statistical
significance (α < 0.05), effect sizes were determined and interpreted—according to small
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effects in agreement with Cohen (1988) [53]—if the standardized regression coefficient is
equal to or higher than β ≥ 0.10.

4. Results

4.1. Pre-Analyses: Exploratory Factor Analyses
4.1.1. Contextual Conditions: Perceived PA-Friendliness of the Study Environment

The bundling of the 14 initial items for the perceived study environment resulted in
a differentiation of seven factors. A comparison of the finally derived factors and their
content fit with the categories of the NEWS-G [44] and were adapted for the study environ-
ment as reported in Appendix A (Table A1). In this bundling process, we considered the
subsequent categories of the NEWS-G: (C) “Land use mix–access”, (D) “Street connectiv-
ity”, (E) “Walking/Cycling facilities”, (F) “Aesthetics”, (G) “Pedestrian/automobile traffic
safety”, (H) “Crime safety”. The EFA with 14 items initially proposed a five-factor solution,
however, the results of the EFA led to the elimination of two items in order to improve
the reliability of the factor regarding traffic safety. This concerns two items of category G,
pedestrian/automobile traffic safety (Item G3, “The traffic speed in most surrounding streets
is normally low (30 km/h or less)”, and item G6, “There are crosswalks and pedestrian signals
to help walkers cross busy streets in my study environment”). The item wordings, item
descriptives, factor loadings, and communalities are reported in Appendix A (Table A4).

For the remaining items, statistical- and content-based criteria indicated a preference
for a more differentiated seven-factor solution after keeping individual items that could
not be bundled well to one factor, but which contributed to a variance explanation with rea-
sonable communalities. They were either included as a single item in the further analyses
after a content-wise comparison with the categories of the NEWS-G, or were assigned to
other content-wise suitable factors after statistical verification by reliability analyses. The
derived seven factors reflect the following areas of the perceived PA-friendliness of the
study environment:

• The factor, “active transportation: walking/cycling facilities”, contains two items
(E1, and E3), both of which originally belonged to the category E “Walking/cycling
facilities” of the NEWS-G. They combine aspects of available sidewalks and the prox-
imity of bicycle or pedestrian trails. They showed a significant inter-item-correlation
(r = 0.51).

• The factor, “aesthetics”, comprises three items, which refer to the corresponding cate-
gory of the NEWS-G (F1, F3, and F5). They refer to trees along the streets, interesting
things to look at, and a lot of nature in the study environment. The internal consistency
of the factor was rather low, but still satisfactory with respect to group-based analyses
(Cronbach’s α = 0.60).

• The factor, “high automobile traffic”, bundles three items that represent the difficulty,
unpleasantness, or insecure feeling when walking/cycling due to much traffic and the
noticeable exhaust fumes from cars or buses. This factor showed a satisfying internal
consistency (Cronbach’s α = 0.69).

• “General crime” is presented by a single item, which describes the unsafe feeling
during the day due to crime (New2). It was separated from another crime-related item.

• “Bicycle-related crime” is represented by a single item (New3). This item describes
the unsafe feeling of leaving even a locked bicycle in the study environment.

• The factor, “active transportation: uphill”, is reflected by one single item which
describes the limited number of routes for getting from place to place due to a hilly
landscape (C7). It was the only item that covers the category C “Land use mix–access”
from the NEWS-G.

• The factor, “active transportation: connectivity”, is described by one single item which
stands for alternative (walking/biking) routes for getting from place to place (D5). It
originally belonged to the category D “Street connectivity” from the NEWS-G.
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4.1.2. Individual Conditions: Psychological Determinants of Active
Transportation—Motivators and Barriers

The analyses to bundle psychological determinants of active transportation resulted
in a differentiation of four factors for motivators and three factors for barriers. To arrive
at these results, the following steps were taken. The EFA for motivators suggested the
formation of two factors, after having previously removed item Mot6 (opportunity to
socialize) due to a very low communality value (h2 = 0.23). Mainly based on content-related
considerations as well as on information of internal consistency statistics, and inter-item-
correlations, we decided to split up two factors and preferred a four-factor solution. The
item wordings, item descriptives, factor loadings, and communalities of motivators are
reported in Appendix A (Table A5).

• The topic, “comfort with study life”, includes two items, which describe the motivation
of active transportation because of being more efficient for study and work and
because of the active balance between and after courses. The items showed a high
inter-item-correlation (r = 0.53).

• The factor, “personal benefits”, comprises two items with motivators such as joy,
health, and fitness. According to the results of the EFA, they belong to the same
factor as the study-related items. As mentioned above, we preferred to separate the
study-related items and other personal benefits in order to be able to be more specific
regarding the university setting. The items showed a satisfactory inter-item-correlation
(r = 0.43).

• The label, “instrumental extrinsic benefits”, summarizes two items regarding the
potential to save money and to avoid the search for a parking space. These items
showed a satisfactory inter-item correlation of r = 0.43.

• The topic, “avoid air pollution”, is reflected by one single item that was separated
from the former extrinsic benefits factor. It revealed the lowest factor loading (λ = 0.48)
and did not fit to the content of the other instrumental extrinsic benefits.

The EFA for barriers to PA suggested using three factors, after having previously
removed two items due to overlap with items of the perceived study environment regarding
the hilly landscape and the lack of secure bicycle parking facilities. Regarding the results of
the EFA, two more items were excluded that could not be satisfactorily assigned to one
factor due to statistical reasons (Bar3, and Bar10). Additionally, item Bar10, which refers
to the lack of knowledge of the quickest and easy routes, had the lowest communality
(h2 = 0.34). The item wordings, item descriptives, factor loadings, and communalities are
reported in Appendix A (Table A6). For the remaining items, the following three factors
were considered:

• Factor, “discomfort with study life” (Cronbach’s α = 0.77), consists of three items
that describe barriers related to everyday life at university such as an uncomfortable
feeling participating in university courses after physical exertion, the necessity of
bringing a change of clothes, or the lack of or poor changing/shower facilities (Bar5,
Bar6, and Bar7).

• The factor, “personal barriers” (Cronbach’s α = 0.69), summarizes three items which
describe barriers of physical effort, time effort, and bad mood (Bar4, Bar11, and Bar12).

• The factor, “external barriers” (Cronbach’s α = 0.65), comprises two items which
describe barriers referring to the weather conditions and time of day (Bar1 and Bar2).

Tables A2 and A3 in Appendix A summarize the results regarding the motivators and
barriers for PA. Moreover, Table 1 gives an overview for the finally considered determinants
of active transportation behavior and provides descriptive information.

4.2. Main Results: Regression Models

The main analysis consisted of two separate analyses for the respective dependent
variables of transport-related walking (A) and transport-related cycling (B). For each
type of transportation mode, bivariate correlations and a separate regression model were
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calculated. In the basis model, we included the three sociodemographic indicators (sex,
age, resident in university town; Model A0 and Model B0). We then added blockwise the
indicators of the perceived study environment (models A1 and B1) and the indicators for
personal motivators and barriers (models A2 and B2) (see Tables 2 and 3).

Table 2. Results of the blockwise multivariate regression models A1 (predictors—sociodemographics,
and perceived study environment) and A2 (A1 plus motivators and barriers) for the active trans-
portation by walking.

Walk Model A1
Model A2

(A1 Plus Motivators and Barriers)

Predictors β p β p

Sociodemographic
Sex 0.03 0.33 0.02 0.56
Age 0.00 0.92 −0.01 0.88
Resident in university town −0.06 0.07 −0.07 0.03 *

Perceived study environment
Active transportation: uphill −0.01 0.68 0.01 0.87
Active transportation: connectivity 0.03 0.31 0.03 0.41
Active transportation:

walking/cycling facilities 0.03 0.40 0.03 0.45

Aesthetics 0.07 0.04 * 0.05 0.16
High automobile traffic 0.01 0.84 0.00 0.96
General crime −0.02 0.59 −0.02 0.61
Bicycle-related crime 0.06 0.09 0.07 0.04 *

Psychological determinants-Motivators
Study-related motivator 0.02 0.71
Personal benefits 0.07 0.12
Instrumental extrinsic −0.06 0.08
Avoid air pollution 0.05 0.22

Psychological determinants-Barriers
Personal 0.02 0.69
Discomfort with study life −0.08 0.04 *
External 0.01 0.79

R2 0.01 0.03
ΔR2 0.01 0.02
RMSEA 0.03 0.04
CFI 0.95 0.95
CMIN/DF 1.772 2.396

RMSEA: Root Mean Square Error of Approximation; CFI: Comparative Fit Index; CMIN/DF: ratio of Chi-square
(minimum discrepancy) to its Degrees of Freedom; * The probability of error is less than 5%.

4.2.1. Regression Analyses for Walking

The regression models for active transportation by walking showed good global fit
indices (CMIN/DF = 1.52–2.40; RMSEA = 0.023–0.037). There was also an improvement of
variance clarification by the number of predictors added to the model (R2 = 0.005–0.032).
Altogether five of 17 predictors in the model showed associations with the weekly amount
of walking, all of which had a standardized regression coefficient β lower than 0.10. Most
associations were found among the motivator predictors (see Appendix A Table A7).

In the multivariate Model A1 including sociodemographic variables and determinants
of the perceived study environment, only aesthetics showed a significant regression coef-
ficient, which was lower than 0.10 (β = 0.07). When adding psychological determinants
in Model A2, this association disappeared, but three other associations were statistically
significant: not living in the university town (β = −0.07), bicycle-related crime (β = 0.07),
and the barrier related to discomfort with study life (β = −0.08). All of them showed
regression coefficients smaller than β < 0.10.
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Table 3. Results of the blockwise multivariate regression models B1 (predictors—sociodemographics,
and perceived study environment) and B2 (A1 plus motivators & barriers) for the active transportation
by cycling.

Cycle Model B1
Model B2

(B1 Plus Motivators & Barriers)

Predictors β p β p

Sociodemographic:
Sex −0.06 0.07 −0.04 0.22
Age 0.02 0.52 0.01 0.80

Resident in university town 0.20 <0.01
*** 0.14 <0.01 ***

Perceived study environment:
Active transportation: uphill −0.08 0.02 * 0.01 0.70
Active transportation: connectivity −0.00 0.96 −0.03 0.26
Active transportation:

walking/cycling facilities −0.04 0.22 −0.07 0.02 *

Aesthetics 0.02 0.56 −0.05 0.12

High automobile traffic 0.12 <0.01
*** 0.08 0.01 **

General crime −0.07 0.04 * −0.02 0.52

Bicycle-related crime −0.14 <0.01
*** −0.13 <0.01 ***

Psychological
determinants-Motivators:

Study-related motivator −0.01 0.71
Personal benefits 0.13 0.00 **
Instrumental extrinsic 0.06 0.08
Avoid air pollution 0.05 0.11

Psychological determinants-Barriers:
Personal −0.24 <0.01 ***
Discomfort with study life 0.04 0.23
External −0.23 <0.01 ***

R2 0.08 0.24
ΔR2 0.03 0.16
RMSEA 0.03 0.04
CFI 0.955 0.957
CMIN/DF 1.767 2.401

* The probability of error is less than 5%. ** The probability of error is less than or equal to 1%. *** The probability
of error is less than or equal to 0.1%.

4.2.2. Regression Analyses for Cycling

The regression models for active transportation by cycling showed adequate to good
global fit indices (CMIN/DF = 1.52–2.41; RMSEA = 0.023–0.038). There was also an
improvement of variance clarification reached by blockwise including the sets of different
predictors to the model (R2 = 0.05–0.24). Altogether, 12 of 17 predictors showed associations
with the weekly amount of cycling, whereas all of the psychological determinants were
present. For most predictors, the standardized regression coefficients were considered
small to medium size (|0.06| < r < |0.38|) (see Appendix A Tables A8 and A9).

In the multivariate Model B1 including sociodemographic variables and variables of
the perceived study environment, five predictors showed a significant regression coefficient,
but for two of them it was lower than 0.10. The highest regression coefficient was found
for the predictor of resident in the university town (β = 0.20), followed by bicycle-related
crime (β = −0.14), and high automobile traffic (β = 0.118). When adding psychological
determinants in Model B2, all associations became smaller or, in the case of high automobile
traffic, showed a regression coefficient smaller than β < 0.10 (β = 0.08). The following
associations remained with a small to medium regression coefficient: resident in the
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university town (β = 0.14) and bicycle-related crime (β = −0.13). While the association with
“active transportation: uphill” disappeared, “walking/cycling facilities” were statistically
significant but with a regression coefficient smaller than β < 0.10. Additionally, three other
associations were statistically significant: personal barriers (β = −0.24), external barriers
(β = −0.23), and personal benefits (β = 0.13).

5. Discussion

Using a socio-ecological approach in a university setting, the present study addresses
the question of which conditions of the study environment as well as individual motivators
and barriers are related to students’ transport-related walking and cycling. Results show
that there were no relevant predictors associated with the amount of transport-related
walking: neither sex, age, and place of living nor the study environment or personal moti-
vators and barriers were substantially linked with transport-related walking. In contrast,
transport-related cycling was associated with predictors from both depicted conditions of
students’ PA behavior, which are important to understand for developing and improving
public health interventions: resident in university town, personal benefits, personal barri-
ers, and external barriers relying on individual conditions and high automobile traffic, and
bicycle-related crime relying on contextual conditions. Bearing in mind the social-ecological
approach of the study, the results reveal multivariate relationships between the level of
cycling for transportation and both environmental and individual conditions.

To investigate these relationships, the present study has firstly bundled factors for
the perceived study environment regarding the established survey instruments for neigh-
borhood environment NEWS-G and statistical indices of EFA. The same was done for
psychological determinants of students for active transportation regarding the study of
Shannon et al., (2006) [26]. This procedure has enabled us to link the study environment
based upon an adaption of the NEWS-G as well as psychological determinants with the
active transport behavior of students, something that has not yet been investigated much
in German-speaking countries. So far, only Molina-Gracia et al., (2010) in Spain have used
parts of the NEWS besides other aspects to analyze the active commuting of students to
university, namely “walking/cycling facilities” (E) [23]. A short version without adaption
was used by Peachey and Baller (2015) in a mid-Atlantic undergraduate university with the
NEWS-Abbreviate to distinguish environmental characteristics of the living environment
between on-campus neighborhoods and off-campus neighborhoods, and to bring this into
connection with general PA [54]. While the NEWS assesses the environment of the neigh-
borhood, none of the previous studies used an adaption to access the environment of the
study area. Titze et al., (2007) developed a questionnaire based on the literature and focus
groups with a special relation to cycling for transportation and the environment along the
transport route of students [27]. With the adaption of NEWS-G to the study environment
in this study, we wanted to rely on an established survey procedure of the perceived
environment and bring it together with the PA-friendliness of the study environment for
transport-related PA. The conceptually and empirically derived factors covered areas of
the environmental conditions in relation to the study environment: land use mix–access,
connectivity, walking/cycling facilities, aesthetics, automobile traffic, and crime safety. The
last two factors showed significant correlations for the convenience sample with students’
cycling for transportation, but none showed associations with walking.

That “high automobile traffic” is positively associated with cycling is contrary to
the expected result. This association was slightly weakened by adding psychological
determinants into the regression model. It seems paradoxical that sampled students’
perceived difficulties, unpleasantness, or insecure feeling when active traveling due to
much traffic and noticeable exhaust fumes from cars or buses, is positively related to
cycling for transportation. The same contrary effect was found in multinomial regression
analysis from Titze et al., (2007) [27] for regular cyclists, who cycle more than three times a
week. For irregular cyclists, the perception of traffic did not show any effect at all. One
possible explanation is that cyclists are more exposed to the problem and therefore more
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likely to report it [27]. Further studies should investigate moderation analyses based on
a representative sample, whereby psychological determinants should be integrated as
moderators between the study environment and active commuting—especially cycling
for transportation.

There is a negative correlation between bicycle-related crime and cycling. Students’
unsafe feeling for leaving even a locked bicycle in the study environment is negatively
related to cycling for transportation. This association has repeatedly been reported in the
literature [22,25,27]. For example, Rybarczyk and Gallagher (2014) [25] showed that general
crime was the strongest barrier for cycling among students and staff of the university, but
also bicycle theft was represented under the three most highly ranked barriers. Rybarczyk
and Gallagher concluded that the implementation of law enforcement and safe bicycle
facility may promote cycling. This was also suggested by Shannon et al., (2006) [26].

Regarding individual conditions, personal barriers showed the strongest associations
with cycling. This is in line with the conclusion of Shannon et al., (2006) that reducing
barriers to using active transportation modes is likely to be more effective than promoting
the benefits of active modes [26]. Further, Rybarczuk and Gallagher (2014) showed that
students indicated that any bicycle barrier would cause a decrease in cycling [25]. Our
study results reinforce the premise that students’ personal barriers such as physical effort,
time effort, and bad mood are negatively related to cycling for transportation. Such
personal barriers of time constrains, inconvenience, or physiological discomfort are in
accordance with previous findings [21,27]. The same applies to students’ external barriers
such as the weather or the time of day. These external inhibiting factors were also found in
previous studies [25,26,28]. Nordfjærn et al., (2019) [55] recently showed that those who
strongly prioritized convenience tended to use a car for transportation modes. However,
the increased awareness of the negative consequences was related to a more use of active
transportation and less car use. A positive association with cycling for transportation
applies to students’ personal benefits for active transportation such as joy, health, and
fitness. This finding is also in line with the positive relation between emotional satisfaction
and regular cycling as found by Titze et al., (2007) [27]. It is also in accordance with
the association between strong priorities of PA and less public transportation mode use
and more use of active transportation found by Nordfjærn et al., (2019) [55]. Overall, the
inclusion of the set of psychological factors in the model improved the variance explanation
for the cycling behavior of university students, indicating their important role for individual
decisions related to transport-related cycling. However, Nordfjærn et al., (2019) showed
that besides psychological variables, situational constraints were more important for mode
use than psychological variables and are important to consider as well, for example, car
ownership or longer walking time [55].

Regarding sociodemographic variables of the sampled students, the association be-
tween residence in the university town and cycling was slightly weakened by adding
psychological determinants into the regression model but was still significant at medium
level. Students’ residence in the university town was positively associated with cycling
for transportation. This is in line with the negative impact of distance found in previ-
ous studies [21,22,26,28,29] and also with the association between longer walking time
from students’ residence to university and the more use of public transportation for less
active transportation recently showed by Nordfjærn et al., (2019) [55]. Moreover, Zan-
nat et al., (2020) [56] revealed in terms of city planning the travel time besides the provision
of infrastructure as influencing factors for active and public transportation of university
students. Furthermore, the factor “personal barriers” of our study, which covers the barrier
of time effort, is negatively associated with cycling on a medium level and reinforces
this interpretation.

The result that there were no relevant contextual and individual predictors for stu-
dents’ transport-related walking has already been shown in both the university and com-
munity setting. Missing statistical significance for the probability of use of walking for
students with environmental incentives was also the case in the results of Rybarczuk and
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Gallagher (2014) [25]. In communal settings, walking for transportation shows a different
association than walking for leisure, which is associated with recreation facilities and
aesthetics and green spaces [13,17,36,37]. That the results of this study, which investi-
gated only the domain of active transportation, did not show such correlations, suggests
that students were not likely to choose walking as an active mode of transportation for
contextual or individual reasons, but rather that it was purely a means of getting from
point A to point B. However, in terms of active commuting by students in general, pos-
itive associations with the perception of walking and cycling facilities [23], traffic and
crime safety [19,21,22,25,27,28], and aesthetic aspects such as the “attractiveness of the
surroundings” [27] (p. 72) exist, which could not be shown in this study for walking.

Furthermore, active transportation cannot only be considered in the perspective
of promoting PA but also in the perspective of promoting more sustainable modes of
transport which in turn has effects on the environment, on the economy, and on the health of
people [57]. Some recent studies have dealt with the importance of using sustainable means
of transport by the university community [56,57]. The authors of these studies also showed
that the mode of transportation is conditioned by particularities of university campuses
such as bike share systems [58], tailored and strategically-placed point-of-choice prompts,
through which students should switch to active transportation [59], or the distribution
of the university scheduled classes on the days of the week [60]. However, in order to
make use of the potential to increase cycling among students Grimes and Baker (2020) [58]
revealed that bike share systems conditions in university settings must be tailored to the
target group, Chim et al., (2020) [60] pointed out that there is only a positive association of
university courses on weekdays with more time spent cycling if students cycle to classes
anyway, and Irwin (2019) [61] showed that uncontrollable factors for example time, built
environment, and weather affected the participation in activities. Thus, just like the results
of our study, these findings show that the combination of environmental conditions and
personal psychological determinants is important to consider. In addition to tailored
measures offered by the university to promote sustainable and active transportation,
also competing modes of transportation bring further psychological factors into play.
Cruz-Rodriguez et al., (2020) [57] analyzes students’ feelings and emotions provoked by
alternative means of transport. In addition to various electric means of transportation,
only the use of bicycles showed associations with the possibility of PA, but, for example,
the feeling of freedom or getting around quickly in the city or avoiding traffic jams were
also present for scooters and motorcycles [57]. Further studies should include deeper
psychological backgrounds of transportation choice. To take advantage of the synergies
between promoting PA and sustainability, further studies should additionally compare
competing modes of transportation such as scooters and motorcycles.

Strengths and Limitations

Certain limitations must be considered when interpreting the results. Due to the cross-
sectional study design, we could not identify causal associations. In addition, the study
was conducted in the summertime, which could have an influence on the reported active
commuting information due to better weather [19]. Furthermore, regarding the shift toward
more female students in the convenience sample of the study, possible sampling bias cannot
be excluded. Some studies report a gender difference in favor of male students with regard
to the use of bicycles for active transportation [28,30], but other studies did not found
different travel patterns between male and female students [23,62]. Agarwal and North
(2012) [19] found some gender differences regarding the perception of barriers to cycling.
Accordingly, generalizability of the associations would still need to be empirically verified.

The measuring instrument for the study environment was empirically used for the first
time. Although the study has attempted to bundle information for both study environment
and psychological determinants to better account for psychometric properties of the factors,
some variables were measured as single items. For study environment the categories “land
use mix–access”, “connectivity,” “general crime”, and “bicycle-related crime” were only
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covered with one item each. For psychological determinants, the motivator item “avoid air
pollution” was considered separately due to content and statistical indices. It is possible
that the single items contributed to the absence of associations due to their lower variance.
However, it has not been uncommon to include single items in this area of research to
date [19,21,26]. Further development is thus needed for measurement procedures. For
some areas, the present study provides indications. Our study did form a factor, which
dealt with study-related psychological determinants. Furthermore, factors relying on
personal benefits, on instrumental extrinsic benefits, and on avoiding air pollution were
formed for motivators. Factors for barriers were discomfort with study life, personal
barriers, and external barriers. Overall, further surveys in other universities are necessary
to concretize and validate the adapted NEWS-G for the study environment as well as to
confirm the factors formed.

In addition, the measuring instrument for the study environment captures the self-
assessed perception of the students and thus does not provide an objective measure of
the survey. This can lead to distortions, for example, as people who frequently walk or
cycle outside might perceive traffic more strongly [40]. The importance of perception can
only be filtered out and captured through a combination of objective and self-assessed
measurement of physical environmental characteristics [41].

Despite the limitations, this study provides some strengths. It tried for the first time to
assess not the living environment but the specific study environment with reference to an
established survey instrument, so it can be used for campus as well as urban universities.
This is important due to the fact that the transfer of results from campus universities is
difficult to universities, which are not structured as closed geographical spaces, but the
urban university is integrated into urban landscape [24,63].

In addition, referring to socio-ecological approaches could confirm the relationship
between transport-related PA and both contextual as well as individual determinants.
Further, it provides initial multivariate results on active transportation and its relation
to contextual and individual determinants from Germany. Furthermore, since this study
differentiated the PA domains into the different modes of transportation, walking and
cycling, it could show that the compositional and contextual conditions are different for
both modes. So for promoting PA it is important to distinguish between the needs of
pedestrians and cyclists [20].

To sum up, in relation to other studies with respect of university students which
considered both personal and environmental determinants together in relation with active
transportation, the scientific value of the presented study lies in the insights into the
contextual conditions of the study environment, the consideration of associated correlates
through the factor bundling, and separate information for transport-related cycling and
transport-related walking.

6. Conclusions

Current findings confirm on a regression-analytical basis the postulated socio-ecological
relationships between both contextual as well as individual factors and transport-related
cycling, but not with transport-related walking. In total, the students’ amount of cycling
a week is positively associated with the students’ residence in the university town, high
automobile traffic, and personal benefits such as joy and health, and negatively associated
with bicycle-related crime, personal barriers such as physical or time effort, and external
barriers such as weather conditions. It should be noted that there might be a partial corre-
lation between “high automobile traffic” and psychological determinants which indicate a
moderation role of psychological determinants.

Possible strategies leading to an adequate infrastructure for universities may be the
implementation of safe bicycle racks, bicycle routes, or more student residences in town.
Additionally, academic training programs that indicate the benefits of transport-related
cycling may students help to understand the associations between cycling and health,
environment, sports and recreation. This can increase motivation to use the bicycle for
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transportation and lead to consolidate the bicycle culture in transportation in the university
community. Given the current climate change and the increasing physical inactivity of
society, a cycling culture can advance alternative means of transportation and thus have
positive effects on the economy, environment, and health. As PA is linked with various
benefits for health and educational outcomes, the results contribute to the understanding of
the correlates of active commuting. This is important especially for university students who
are particularly at risk of not fulfilling health-oriented PA recommendations. Therefore, the
present study supplements specific knowledge about determinants that are important for
developing and improving public health interventions for students in a university setting.
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Appendix A

Table A1. Comparison of the finally selected items and their category bundled by the factor analysis and content fit in this
article with the adapted categories of the NEWS-G 1 [44] for the study environment asked in the survey.

Original Items
NEWS-G 1 Adapted Items of the Survey 2 Finally Selected Items and Their Factor (Bolds) 3

(2) Opportunities for walking and cycling:

(C) Land use
mix–access (1 of 7
adopted in the survey)

C7: There are many canyons/hillsides in my study
environment that limit the number of routes for
getting from place to place.

Active transportation: uphill C7: There are many
canyons/hillsides in my study environment that
limit the number of routes for getting from place
to place.
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Table A1. Cont.

Original Items
NEWS-G 1 Adapted Items of the Survey 2 Finally Selected Items and Their Factor (Bolds) 3

(D) Street connectivity
(1 of 6 adopted in the
survey)

D5: There are many alternatives (walking/biking)
routes for getting from place to place in my study
environment. You do not always have to take the
same route.

Active transportation: connectivity D5: There are
many alternatives (walking/biking) routes for
getting from place to place in my study
environment. You do not always have to take the
same route.

(E) Walking/Cycling
facilities (2 of 5
adopted in the survey)

E1: There are sidewalks on most of the streets in
my study environment. E3: There are bicycle or
pedestrian trails in or near my study environment
that are easy to get to.

Active transportation: walking/cycling facilities
E1: There are sidewalks on most of the streets in
my study environment. E3: There are bicycle or
pedestrian trails in or near my study environment
that are easy to get to.

(F) Aesthetics (3 of 6
adopted in the survey)

F1: There are trees along the streets in my study
environment. F3: There are many interesting
things to look at while walking in my study
environment. F5: There is a lot of nature in my
study environment that is beautiful to look at
(such as landscapes, viewpoints).

Aesthetics F1: There are trees along the streets in
my study environment. F3: There are many
interesting things to look at while walking in my
study environment. F5: There is a lot of nature in
my study environment that is beautiful to look at
(such as landscapes, viewpoints).

(3) (Traffic) safety:

(G) Pedestrian/Traffic
safety (4 of 8 adopted
in the survey; 1 own
addition in the survey)

G2: There is so much traffic along nearby streets
that it makes it difficult or unpleasant to walk in
my study environment G3: The traffic speed in
most surrounding streets is normally low (30
km/h or less). G6: There are crosswalks and
pedestrian signals to help walkers cross busy
streets in my study environment. G8: When
walking in my study environment there are a lot of
noticeable exhaust fumes (e.g., from cars and
buses). New1: Because of the heavy traffic in my
study environment, one feels insecure when
walking/cycling 4.

High automobile traffic G2: There is so much
traffic along nearby streets that it makes it difficult
or unpleasant to walk in my study environment.
G8: When walking in my study environment there
are a lot of noticeable exhaust fumes (e.g., from
cars and buses). New1: Because of the heavy traffic
in my study environment, one feels insecure when
walking/cycling.4

(H) Crime safety (0 of 6
adopted in the survey;
2 own additions in
the survey)

New2: I feel unsafe in my study environment
during the day due to crime 4. New3: It is unsafe
to leave even a locked bicycle in my study
environment 5.

General crime New2: I feel unsafe in my study
environment during the day due to crime 4.

Bicycle-related crime New3: It is unsafe to leave
even a locked bicycle in my study environment 5.

1 Neighborhood Environment Walkability Scale—Germany. 2 adapted categories of the NEWS-G for the study environment asked in the
survey. 3 newly formed by factor analysis and content fit in this article. 4 for reasons of condensation, a summarized generalized statement
of the respective category of the NEWS-G was newly formed. 5 due to previous evidence on the relationship between bicycle thefts and
active camouflage transport behavior of students, a new specific item on crime was formed.

Table A2. Comparison of the final construct of motivator items newly formed by the factor analysis and content fit in
this article.

Original Items Adapted Items of the Survey Final Factors 1

To compensate for sedentary activities 2 Mot5: Active balance between and
after courses.

Comfort with study life

To improve my physical performance 2 Mot8: Being more efficient for study
and work.

Improvement to health/fitness 3 Mot3: Improvement to health/fitness
Personal benefitsEnjoyment gained from current mode 3 &

Gain sense of enjoyment 2 Mot7: Enjoyment in transportation
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Table A2. Cont.

Original Items Adapted Items of the Survey Final Factors 1

Potential to save money 3 Mot1: Potential to save money
Instrumental extrinsic benefitsAvoid the need to find parking 3 &

Unable to obtain parking permit 3
Mot2: Avoiding the search for a
parking space.

Personal contribution to reducing air
pollution levels 3

Mot4: Personal contribution to reducing air
pollution levels Avoid air pollution

Opportunity to socialize 3 Mot6: Opportunity to socialize Not included due to statistical reason
1 Newly formed by factor analysis and content fit in this article. 2 Own items according to the study “GEDA 2014/2015-EHIS” [44] (p. 118).
3 Motivator items (Shannon et al., 2006) [26].

Table A3. Comparison of the final construct of barrier items newly formed by the factor analysis and content fit in this article.

Original Items Adapted Items of the Survey Final Factors 1

I do not feel safe enough to be physically
active outdoors alone 2 & I feel too fat
to exercise

Bar5: I feel uncomfortable participating in
university courses after physical exertion.

Discomfort with study lifeNecessity of bringing a change of clothes 3 Bar6: Necessity of bringing a change
of clothes

Lack of or poor changing/shower facilities
at University of Western Australia (UWA) 3

Bar7: Lack of or poor
changing/shower facilities

Physical effort involved 3 Bar4: Physical effort involved

Personal barriersTime involved 3 Bar11: Time involved

I lack motivation, I have no interest 2 & I
am not in the mood 4.

Bar12: I lack motivation, I´m not in
the mood.

Weather (rain, wind, or heat) 3 Bar1: Inappropriate weather
External barriers

Need to travel to/from UWA at night 3 Bar2: Inappropriate time of day.

- Bar9: There are too many hills/climbs on
the paths 5

Not included due to redundancy with
study environment

Lack of secure bicycle parking facilities
at UWA 3

Bar8: Lack of secure bicycle
parking facilities

Not included due to redundancy with
study environment

Lack of knowledge of quickest and easiest
route to UWA 3

Bar10: Lack of knowledge of quickest and
easiest route Not included due to statistical reason

Need vehicle for work purposes 3 Bar3: Need vehicle for other purposes Not included due to statistical reason
1 Newly formed by factor analysis and content fit in this article. 2 Own items according to the study “GEDA 2014/2015-EHIS” [44] (p. 119).
3 Barrier items (Shannon et al., 2006) [26]. 4 Krämer & Fuchs (2010) [50] (p. 174). 5 Supplemented due to site-specific hilly conditions of the
University of Tübingen.
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Table A4. Item’s descriptives (frequencies in %; 1 = totally disagree; 2 = more likely to disagree; 3 = more likely to
agree; 4 = totally agree), factor loadings, and communalities (h2) of the explorative factor analysis (EFA) of perceived
study environment.

No. Item Wording 
Descriptives EFA: Factor Number 

n 1 2 3 4 M SD 1 2 3 4 5 h2 

G2 

There is so much traffic along 
nearby streets that it makes it diffi-
cult or unpleasant to walk in my 
study environment. 

996 17.77 54.02 25.30 2.91 2.13 0.73 0.76 −0.18 −0.03 −0.04 0.03 0.61 

G3 
The traffic speed in most surround-
ing streets is normally low  
(30 km/h or less). 

992 13.31 36.49 37.50 12.70 2.50 0.88 0.54 −0.18 0.05 −0.26 −0.41 0.56 

New1 
Because of the heavy traffic in my 
study environment, one feels inse-
cure when walking/cycling. 

991 18.97 49.45 24.22 7.37 2.20 0.83 0.72 0.16 −0.05 −0.05 0.26 0.61 

G8 

When walking in my study envi-
ronment there are a lot of noticea-
ble exhaust fumes (e.g., from cars 
and buses). 

996 7.93 36.95 39.36 15.76 2.63 0.84 0.72 0.03 −0.14 0.05 0.17 0.57 

E1 
There are sidewalks on most of the 
streets in my study environment. 

994 0.70 4.73 31.09 63.48 3.57 0.62 0.04 0.83 0.00 0.08 −0.13 0.71 

E3 
There are bicycle or pedestrian 
trails in or near my study environ-
ment that are easy to get to. 

995 1.21 9.85 43.52 45.43 3.33 0.70 −0.17 0.73 0.10 0.28 −0.05 0.66 

G6 

There are crosswalks and pedes-
trian signals to help walkers cross 
busy streets in my study environ-
ment. 

996 1.31 7.83 46.39 44.48 3.34 0.68 −0.25 0.57 0.04 0.01 0.02 0.39 

F1 
There are trees along the streets in 
my study environment. 

993 3.02 22.96 51.96 22.05 2.93 0.75 −0.01 0.21 0.70 −0.32 0.02 0.63 

F3 
There are many interesting things 
to look at while walking in my 
study environment. 

997 7.12 36.61 40.52 15.75 2.65 0.83 −0.14 0.04 0.62 0.48 0.04 0.64 

F5 

There is a lot of nature in my study 
environment that is beautiful to 
look at (such as landscapes, view-
points). 

996 6.73 32.33 44.78 16.16 2.70 0.82 −0.08 −0.06 0.83 0.14 −0.05 0.73 

C7 

There are many canyons/hillsides 
in my study environment that limit 
the number of routes for getting 
from place to place. 

994 15.59 33.10 30.68 20.62 2.56 0.99 0.05 −0.21 0.18 −0.67 0.05 0.53 

D5 

There are many alternatives (walk-
ing/biking) routes for getting from 
place to place in my study environ-
ment. You do not always have to 
take the same route. 

996 5.22 28.71 46.79 19.28 2.80 0.81 −0.01 0.08 0.21 0.67 0.01 0.51 

New2 
I feel unsafe in my study environ-
ment during the day due to crime. 

997 79.34 17.35 2.71 0.60 1.25 0.53 0.10 −0.15 0.01 0.00 0.71 0.54 

New3 
It is unsafe to leave even a locked 
bicycle in my study environment. 

990 17.88 52.83 21.62 7.68 2.19 0.82 0.18 0.00 −0.01 −0.07 0.75 0.60 

The backgrounds highlight the largest part of the frequency distribution of the scale in each case. The bolds highlight the largest rotated
factor loading in each case.
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Table A5. Item’s descriptives (frequencies in %; 1 = totally disagree; 2 = more likely to disagree; 3 = more likely to agree;
4 = totally agree), factor loadings, and communalities (h2) of the explorative factor analysis (EFA) of motivator items.

No. Item Wording 
Descriptives EFA: Factor Number 

n 1 2 3 4 M SD 1 2 h2 
Mot8 Being more efficient for study and work. 977 15.05 34.60 28.05 22.31 2.58 1.00 0.79 0.11 0.63 
Mot7 Enjoyment in transportation 987 6.48 29.08 33.13 31.31 2.89 0.92 0.79 −0.04 0.62 
Mot5 Active balance between and after courses. 989 7.08 23.05 34.48 35.39 2.98 0.93 0.79 0.10 0.63 
Mot3 Improvement to health/fitness 989 3.24 22.04 36.10 38.62 3.10 0.85 0.71 0.33 0.61 
Mot1 Potential to save money 986 24.04 31.95 24.85 19.17 2.39 1.10 0.06 0.81 0.66 
Mot4 Personal contribution to reducing air pollution levels 983 12.31 31.03 32.25 24.42 2.69 0.95 0.48 0.48 0.46 
Mot2 Avoiding the search for a parking space 893 22.06 16.46 28.78 32.70 2.72 1.14 0.07 0.81 0.66 

The backgrounds highlight the largest part of the frequency distribution of the scale in each case. The bolds highlight the largest rotated
factor loading in each case.

Table A6. Item’s descriptives (frequencies in %; 1 = totally disagree; 2 = more likely to disagree; 3 = more likely to agree;
4 = totally agree), factor loadings and communalities (h2) of the explorative factor analysis (EFA) of barrier items.

No. Item Wording 
Descriptives EFA: Factor Number 

n 1 2 3 4 M SD 1 2 3 h2 
Bar4 Physical effort involved 992 49.29 39.62 8.57 2.52 1.64 0.74 0.69 0.33 0.01 0.58 

Bar11 Time involved. 985 41.32 31.68 17.36 9.64 1.95 0.99 0.68 0.09 0.31 0.57 
Bar12 I lack motivation, I’m not in the mood. 990 51.21 32.42 11.72 4.65 1.70 0.85 0.82 0.11 0.08 0.69 
Bar10 Lack of knowledge of quickest and easiest route. 932 61.48 20.39 12.12 6.01 1.63 0.92 0.51 0.16 0.27 0.35 

Bar5 
I feel uncomfortable participating in university courses 
after physical exertion. 

982 37.17 33.20 18.84 10.79 2.03 1.00 0.31 0.75 0.10 0.68 

Bar6 Necessity of bringing a change of clothes 934 37.37 27.30 20.24 15.10 2.13 1.08 0.18 0.82 0.20 0.74 
Bar7 Lack of or poor changing/shower facilities 861 36.82 24.16 20.56 18.47 2.21 1.13 0.09 0.80 0.15 0.68 
Bar1 Inappropriate weather 995 12.56 43.12 25.73 18.59 2.50 0.94 0.22 0.23 0.67 0.55 
Bar2 Inappropriate time of day. 991 38.14 32.90 19.07 9.89 2.01 0.98 0.34 0.06 0.71 0.62 
Bar3 Need vehicle for other purposes 875 58.63 22.06 14.17 5.14 1.66 0.90 −0.01 0.12 0.72 0.53 

The backgrounds highlight the largest part of the frequency distribution of the scale in each case. The bolds highlight the largest rotated
factor loading in each case.

Table A7. Results (inter-item-correlation-coefficients r, β-coefficients and significant p-value) for the bivariate correlation
and multivariate regression models A1 (sociodemographics and perceived study environment) and A2 (A1 plus Motivators
& Barriers) for the transportation mode “walk”.

Walk
Bivariate Correlation with

Walking (MET/Week)
Model A1

Model A2
(A1 Plus Motivators & Barriers)

Predictors r p β p β p

Sociodemographic
Sex 0.03 0.39 0.03 0.33 0.02 0.56
Age 0.01 0.74 0.00 0.92 −0.01 0.88
Resident in university town −0.06 0.06 −0.06 0.07 −0.07 0.03 *

Perceived study environment
Active transportation: uphill −0.03 0.39 −0.01 0.68 0.01 0.87
Active transportation: connectivity −0.06 0.07 0.03 0.31 0.03 0.41
Active transportation:

walking/cycling facilities −0.05 0.13 0.03 0.40 0.03 0.45

Aesthetics −0.08 0.02 * 0.07 0.04 * 0.05 0.16
High automobile traffic −0.00 0.94 0.01 0.84 0.00 0.96
General crime 0.00 0.99 −0.02 0.59 −0.02 0.61
Bicycle-related crime 0.05 0.12 0.06 0.09 0.07 0.04 *
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Table A7. Cont.

Walk
Bivariate Correlation with

Walking (MET/Week)
Model A1

Model A2
(A1 Plus Motivators & Barriers)

Predictors r p β p β p

Psychological
determinants-Motivators

Study-related motivator 0.08 0.02 * 0.02 0.71
Personal benefits 0.10 0.00 ** 0.07 0.12
Instrumental extrinsic −0.02 0.59 −0.06 0.08
Avoid air pollution 0.07 0.03 * 0.05 0.22

Psychological determinants-Barriers
Personal −0.05 0.12 0.02 0.69
Discomfort with study life −0.09 0.01 * −0.08 0.04 *
External −0.03 0.40 0.01 0.79

R2 0.01 0.03
ΔR2 0.01 0.02
RMSEA 0.03 0.04
CFI 0.95 0.95
CMIN/DF 1.772 2.396

* The probability of error is less than 5%. ** The probability of error is less than or equal to 1%.

Table A8. Results (inter-item-correlation-coefficients r, β-coefficients and significant p-value) for the bivariate correlation
and multivariate regression models B1 (sociodemographics and perceived study environment) and B2 (B1 plus Motivators
& Barriers) for the transportation mode “cycle”.

Cycle
Bivariate Correlation with

Cycling (MET/Week)
Model B1

Model B2
(B1 Plus Motivators & Barriers)

Predictors r p β p β p

Sociodemographic:
Sex −0.05 0.16 −0.06 0.07 −0.04 0.22
Age 0.02 0.50 0.02 0.52 0.01 0.80
Resident in university town 0.21 <0.01 *** 0.20 <0.01 *** 0.14 <0.01 ***

Perceived study environment:
Active transportation: uphill −0.06 0.045 * −0.08 0.02 * 0.01 0.70
Active transportation: connectivity 0.01 0.83 −0.00 0.96 −0.03 0.26
Active transportation:

walking/cycling facilities 0.03 0.32 −0.04 0.22 −0.07 0.02 *

Aesthetics 0.00 0.998 0.02 0.56 −0.05 0.12
High automobile traffic 0.06 0.05 * 0.12 <0.01 *** 0.08 0.01 **
General crime −0.10 0.00 ** −0.07 0.04 * −0.02 0.52
Bicycle-related crime −0.14 <0.01 *** −0.14 <0.01 *** −0.13 <0.01 ***

Psychological determinants-Motivators:
Study-related motivator 0.17 <0.01 *** −0.01 0.71
Personal benefits 0.25 <0.01 *** 0.13 0.00 **
Instrumental extrinsic 0.08 0.015 * 0.06 0.08
Avoid air pollution 0.18 <0.01 *** 0.05 0.11

Psychological determinants-Barriers:
Personal −0.38 <0.01 *** −0.24 <0.01 ***
Discomfort with study life −0.16 <0.01 *** 0.04 0.23
External −0.35 <0.01 *** −0.23 <0.01 ***

R2 0.08 0.24
ΔR2 0.03 0.16
RMSEA 0.03 0.04
CFI 0.955 0.957
CMIN/DF 1.767 2.401

* The probability of error is less than 5%. ** The probability of error is less than or equal to 1%. *** The probability of error is less than or
equal to 0.1%.
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Abstract: Biking and walking are active commuting, which is considered an opportunity to create
healthy habits. Objective: The purpose of this study was to determine the main environmental and
psychosocial barriers perceived by students, leading to less Active Commuting (AC) to university
and to not reaching the Physical Activity (PA) recommendations. Material and Methods: In this cross-
sectional study, 1349 university students (637 men and 712 women) were selected. A self-reported
questionnaire was applied to assess the mode of commuting, PA level and barriers to the use of
the AC. Results: Women presented higher barriers associated with passive commuting than men.
The main barriers for women were “involves too much planning” (OR: 5.25; 95% CI: 3.14–8.78), “It
takes too much time” (OR: 4.62; 95% CI: 3.05–6.99) and “It takes too much physical effort “ (OR: 3.18;
95% CI: 2.05–4.94). In men, the main barriers were “It takes too much time” (OR: 4.22; 95% CI:
2.97–5.99), “involves too much planning” (OR: 2.49; 95% CI: 1.67–3.70) and “too much traffic along
the route” (OR: 2.07; 95% CI: 1.47–2.93). Psychosocial barriers were found in both sexes. Conclusions:
Psychosocial and personal barriers were more positively associated with passive commuting than
environmental barriers. Interventions at the university are necessary to improve the perception of
AC and encourage personal organization to travel more actively.

Keywords: active; commuting; active transport; physical activity; active behavior; college

1. Introduction

Sedentary lifestyle represents an important risk factor for health, since it participates
in the development of chronic non-communicable diseases such as cardiovascular dis-
eases, type 2 diabetes and some types of cancer [1,2]. Sedentarism constitutes one of the
main causes of mortality worldwide, especially among those who fail to comply with the
recommendations of physical activity (PA) for the adult population [3].

This decrease in PA has not only been related to weight gain and worse psychological
well-being [4], but also contributes to an increased risk of developing non-communicable
diseases and lower life expectancy [5].

Active commuting (walking or cycling from one place to another), is considered an
opportunity to create healthy habits, which improve PA levels, decrease cardiovascular
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risk [6,7] and help achieve a healthier body composition in the young and adult popula-
tion [8]. Although there is limited evidence in developing countries about the association
between active commuting (AC) and health benefits [9,10], Steell et al. [11] showed that, in
Chile, 30 min of AC was associated with less adiposity and a healthier metabolic profile that
includes a lower risk of obesity, diabetes and metabolic syndrome. Another prospective
study, which included a cohort of 263,540 participants from the United Kingdom (Biobank),
reported that AC on a bicycle was associated with a lower risk of cardiovascular disease,
cancer and all-cause mortality [12].

The university stage is a period of transition from adolescence to adulthood, which is
characterized by long days of study, a high sitting time [13], little time for PA [14] and gener-
ally bad eating habits [15]. The decrease in PA [16] is mainly due to the fact that the subject
of physical education is not mandatory in university, as it is at school [17]. Likewise, sports
practice improves physical self-concept, which improves physical appearance, physical
ability and weight control behaviors [18]. In Chile, it has been shown that men and women
who perform sports activities have a more positive self-concept as compared to men and
women who do not perform sports activities [14]. This positive physical self-concept could
be associated with lower barriers to PA and AC, but this has not been studied to date.

Studies have shown that the main barriers to PA among university students are
related to a lack of time, lack of social support, lack of motivation/enjoyment and economic
reasons [19–21]. PA behaviors are influenced by personal (knowledge, skills, attitudes, and
self-esteem) and environmental factors (social support, institutional characteristics and built
environment [22,23]. However, there is no clarity as t which barriers affect PA in university
students, especially considering the different dynamics of different universities [24].

In the same way, the choice of AC, such as walking, can be influenced by several
barriers, such as distance and socioeconomic status. It was observed in a study in Spanish
university students that those who lived less than 2 km (km) away from the university and
those who had a low socioeconomic status used to walk [25]. A short travel distance, high
connectivity on the streets, living in an urban area and high density on the roads have been
positively associated with higher levels of AC [26,27].

In order to follow the World Health Organization (WHO) recommendation that ur-
ban planning in cities promote PA and AC through the design of urban spaces [28], it is
important to analyze the previous patterns of population commuting [29,30] to achieve the
implementation of promotion programs, improvements in bikeway and walking infras-
tructure, and road safety [31].

According to the evidence presented and the importance of increasing the level of PA
in university students by active commuting, it is necessary to get an idea of the mode of
commuting in Chilean university students. The objective of this study was to determine
the main environmental and psychosocial barriers perceived by students and associated
with less AC to university and not reaching the PA recommendations.

2. Materials and Methods

2.1. Study Design and Participants

This cross-sectional study had a non-probabilistic sample (intentional) and had a
descriptive and correlational analysis in university students from three Chilean regions.

A total of 1349 students (637 men and 712 women), with an average age of 22.7 ± 5.8 years,
from three public (two in Valparaíso, Viña del Mar and one in Chillán) and one private
university (Santiago) were selected. They all agreed to participate voluntarily in the study.
They were regular students from the first to fifth academic year studying in fields such as
Education (n = 265), Health (n = 308), Engineering (n = 716) and Social Sciences (n = 60).
More information and inclusion criteria are shown in Figure 1.
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Figure 1. Methodological diagram to explain the sample and instrument.

2.2. Instruments

A self-reported questionnaire was applied to assess the mode of commuting [32], PA
level [33] and barriers to the use of the AC in university students [34]. The instrument con-
sisted of five items: sociodemographic characteristics (14 questions); mode of commuting
(14 questions); barriers to AC (14 questions); PA level (4 questions) and a self-assessment
questionnaire on physical condition—IFIS (International Fitness Scale) (not included in
present analysis). This instrument was previously subjected to a specific reliability process
for Chilean university students [35] In order to evaluate the reliability of this question-
naire, a test–retest process was performed. Kappa coefficient and Intraclass Correlation
Coefficient (ICC) were calculated. Commuting to and from university was found to be in
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almost perfect agreement, with Kappa coefficient values of 0.882 and 0.822, respectively.
ICC scores on distance to and from university and time to and from university showed
good reliability in all its items, with high according values.

The sociodemographic characteristics item was sex, age, field of study (health, education,
social science, engineer), university (public, private), residence area (urban, rural), live with
family and socioeconomic level. To determine socioeconomic level, the Family Affluence
Scale (FAS) was used, with the following questions: (1) “Does your family own a car?”
(No = 0; Yes, one = 1; Yes, two or more = 2), (2) “How many computers does your family own?”
(None = 0; One = 1; Two = 2; More than two = 3), (3) “Do you have your own bedroom for
yourself?” (No = 0; Yes = 1) and (4) “Do you have internet access?” (No = 0; Yes = 1). Each
answer was summed to obtain the total points. A score was assigned, and participants were
classified into three categories regarding the FAS: low (0–3 points), medium (4–5 points)
and high (6–7 points) [36].

The mode of commuting to university was defined with the questions: (1) “How do
you usually get to university?” and (2) “How do you usually get home from university?”, with a
choice of answer options such as walking, bicycle, car, motorcycle, public bus, metro/train
and other modes. Walking and bicycle were categorized as “active” modes and other
motorized modes as “passive” commuting. The items pertaining to mode of commuting
and barriers to the use of AC were used.

The barriers to AC were indicated, such as “There are no sidewalk or bikeways”;
“Bikeways occupied by people who walk”; “There is too much traffic along the route”; “Are
dangerous crossing along the way”; “Walking or biking is insecure due to crime”; “Are no
places to leave the bicycle safely”; “Streets are dangerous because of the cars”; “I get hot
and sweat when I’m walking or biking”; “I’m too loaded to go walking or cycling”, “It is
easier to move with car or motorcycle”; “Walk or biking involves too much planning”; “It
takes too much time”; “It takes too much physical effort”; “I need the car or the motorcycle
to university”. These questions had a categorical like-type response with the alternatives:
totally agree = 1; agree = 2; disagree = 3; and strongly disagree = 4 [34].

The International Physical Activity Questionnaire (IPAQ, short version) was used
to determine PA levels [33,37]. The PA was classified into sedentary time (min/day),
light PA (min/week), moderate PA (min/week), vigorous PA (min/week) and moderate-
vigorous (MVPA) as has been reported in a previous study [16]. Regarding the MVPA
recommendations for adults (≥150 min/week) [38], students were classified as “Reaching”
or “Not reaching” the weekly recommendations.

2.3. Procedure

With the authorization of the academic direction of each university and the knowledge
of the career directors, the questionnaire was applied in paper format.

The application of the questionnaire was carried out from Monday to Friday in the
day, evening and executive programs, in the same classroom. The application was carried
out in 15–20 min and between the months of April and July 2017. Informed consent was
obtained from each student before their participation, which requested the authorization to
participate in the research project and explained the objectives and that the collected data
were anonymous, private, confidential and for exclusive use in the study.

All the participants voluntarily agreed to participate in the study, which was ap-
proved by the Ethics Committee of the corresponding university (Code: CCF02052017) and
governed by the Declaration of Helsinki 2013 [39].

2.4. Statistical Analysis

The results are presented in frequencies for categorical variables and for continuous
variables, in means and standard deviations (M ± SD). To establish the associations between
barriers and mode of commuting and barriers and compliance with MVPA, a binary logistic
regression was applied to obtain the Odds Ratio (OR) and Confidence Interval (95% CI).
Mode of commuting was included in the model as the dependent variable and barriers
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were included individually as independent variables. The score was also calculated for
the barriers, which were grouped into the categories of Environment and Psychosocial.
Significant values of p < 0.05 were considered. For the analyses, the statistical software IBM
SPSS, version 26, was used.

3. Results

Table 1 present the description and sociodemographic characteristics of the partici-
pants. The distribution of the sample by sex was similar (52.8% women and 47.2% men). In
both sexes, there was a higher percentage of students in the age range from 18 to 24 years
(79.2%), belonging to the engineering study field (53.1%), who reside in urban areas (96.1%),
live with their families (73.41%), and have a medium socioeconomic level (52.9%).

Table 1. Sociodemographic characteristics of the participants by sex.

Sociodemographic
All Women Men

n (%) n (%) n (%)

Sex 1349 (100) 712 (52.8) 637 (47.2)
Age (years old)
18–24 1041 (79.2) 669 (95.0) 372 (61.0)
25–31 159 (12.1) 32 (4.5) 127 (20.8)
32–38 69 (5.3) 3 (0.4) 66 (10.8)
39–46 32 (2.4) 0 (0) 32 (5.2)
47–54 13 (1.0) 0 (0) 13 (2.1)
Study field
Health 308 (22.8) 216 (30.3) 92 (14.4)
Education 265 (19.6) 206 (28.9) 59 (9.3)
Social sciences 60 (4.4) 37 (5.2) 23 (3.6)
Engineer 716 (53.1) 253 (35.5) 463 (72.7)
Type of university
Public 815 (60.4) 349 (48.9) 466 (73.1)
Private 534 (39.6) 363 (51.0) 171 (26.8)
Residence area
Urban 1296 (96.1) 681 (95.6) 615 (96.5)
Rural 53 (3.9) 31 (4.4) 22 (3.5)
Live in family
Yes 963 (71.4) 565 (79.4) 398 (62.5)
No 386 (28.6) 147 (20.6) 239 (37.5)
Socioeconomic level
Low 12 (0.9) 9 (1.3) 3 (0.5)
Medium 713 (52.9) 373 (52.4) 340 (53.4)
High 624 (46.3) 330 (46.3) 294 (46.2)

Table 2 shows the mode of commuting of university students according to sex. A
total of 82.2% commuters were passive commuters and 17.8% were active commuters, with
men (33.8%) forming a higher percentage of those who moved actively. In both sexes, the
main mode of commuting was by public bus. The proportion of women and men who
reported walking to university was 16.9% and 32%, respectively, while bicycle use was 1%
and 1.7%, respectively.
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Table 2. Mode of commuting for the university students by sex.

All Women Men

n (%) n (%) n (%)

Mode of commuting
Passive 1007 (74.6) 585 (82.2) 422 (66.2)
Active 342 (25.4) 127 (17.8) 215 (33.8)
Commuting to university
Walking 324 (24.0) 120 (16.9) 204 (32.0)
Bike 18 (1.3) 7 (1.0) 11 (1.7)
Car 179 (13.3) 103 (14.5) 76 (11.9)
Moto 7 (0.5) 1 (0.1) 6 (0.9)
Public bus 681 (50.5) 407 (57.2) 274 (43.0)
Train/metro 140 (10.4) 74 (10.4) 66 (10.4)

Table 3 exhibits the PA of university students according to sex. According to the PA,
the mean sitting min/day for the entire sample was 495.7 ± 696.9. Similar data were found
in both sexes for minutes/day sitting (women 508.4 ± 751.7 and men 481.6 ± 630.2). Most
of the sample (83.5%) did not comply with the recommendation of MVPA for 150 min
a week.

Table 3. Physical activity and recommendations of the university students by sex.

All Women Men

Mean ±SD Mean ±SD Mean ±SD

Physical activity
Sedentary (min/day) 495.7 ±696.9 508.4 ±751.7 481.6 ±630.2
Light PA (min/week) 262.3 ±348.8 224.9 ±316.6 304.2 ±377.5
Moderate PA (min/week) 113.0 ±186.3 100.5 ±174.5 126.9 ±197.8
Vigorous PA (min/week) 115.6 ±160.1 73.6 ±118.0 162.5 ±185.9
Moderate-vigorous (MVPA) 78.9 ±70.6 65.3 ±68.0 94.2 ±70.3
Recommendation weekly MVPA
No reach [n (%)] 1127 (83.5) 627 (88.1) 500 (78.5)
Reach [n (%)] 222 (16.5) 85 (11.9) 137 (21.5)

Abbreviations: (mean ± SD) Mean ± Standard Deviation; (PA) Physical Activity (MVPA) Moderate-Vigorous
Physical Activity.

Table 4 shows the association between barriers and passive commuting by sex. In
women, the barriers “Walk or biking involves too much planning” (OR: 5.25; 95% CI: 3.14–8.78;
p < 0.001), “It takes too much time” (OR: 4.62; 95% CI: 3.05–6.99; p < 0.001), “It takes too
much physical effort” (OR: 3.18, 95% CI: 2.05–4.94, p < 0.001), were the main barriers. The
perception of barriers “The bikeways are occupied by people who walk” (OR: 2.54; 95% CI:
1.69–3.84; p < 0.001), and “I’m too loaded to go walking or cycling” (OR: 2.44; 95% CI: 1.65–3.61;
p < 0.001), is associated with the probability of passive commuting increasing by two
times. In men, “It takes too much time” (OR: 4.22; 95% CI: 2.97–5.99; p < 0.001) increases
the probability of choosing passive commuting four times, while “Walk or biking involves
too much planning” (OR: 2.49; 95% CI: 1.67–3.70, p < 0.001) and “There is too much traffic
along the route” (OR: 2.07; 95% CI: 1.47–2.93; p < 0.001) increases the probability of passive
commuting two times. In general, women presented a greater association between barriers
and passive commuting than men.
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Table 4. Association between barriers and passive commuting by sex.

Passive Commuting to University

Barriers Women Men

OR (CI 95%) p Value OR (CI 95%) p Value

Environmental

There are no sidewalk or bikeways 1.27 (0.84–1.92) 0.264 0.87 (0.60–1.26) 0.446
Bikeways occupied by people who walk 2.54 (1.69–3.84) <0.001 1.28 (0.91–1.78) 0.152
There is too much traffic along the route 1.51 (1.00–2.27) 0.049 2.07 (1.47–2.93) <0.001
Are dangerous crossings along the way 2.12 (1.36–3.31) 0.001 1.55 (1.09–2.22) 0.016
Walking or biking is insecure due to crime 1.23 (0.83–1.84) 0.308 0.75 (0.53–1.04) 0.086
Are no places to leave the bicycle safely 1.04 (0.71–1.52) 0.850 1.02 (0.73–1.43) 0.898
Streets are dangerous because of the cars 2.18 (1.39–3.40) 0.001 1.70 (1.17–2.45) 0.005

Psychosocial

I get hot and sweat when I’m walking or biking 1.52 (1.03–2.24) 0.034 1.60 (1.14–2.23) 0.007
I’m too loaded to go walking or cycling 2.44 (1.65–3.61) <0.001 1.10 (0.79–1.53) 0.590
It is easier to move with car or motorcycle 1.38 (0.94–2.02) 0.104 1.75 (1.26–2.44) 0.001
Walk or biking involves too much planning 5.25 (3.14–8.78) <0.001 2.49 (1.67–3.70) <0.001
It takes too much time 4.62 (3.05–6.99) <0.001 4.22 (2.97–5.99) <0.001
It takes too much physical effort 3.18 (2.05–4.94) <0.001 1.86 (1.30–2.65) 0.001
I need the car or the motorcycle to work 1.09 (0.72–1.66) 0.680 0.96 (0.68–1.37) 0.837

Significant association in bold as p < 0.05 and p < 0.001.

Table 5 indicates the association between barriers to AC and complying with the
MVPA recommendation by sex. The statement “There are no sidewalk or bikeways” (OR:
1.81; 95% CI: 1.02–3.19; p < 0.05) was positively associated with non-compliance with the
recommendations for MVPA in women. In addition, women who reported being “I get
hot and sweat when I’m walking or biking” (OR: 0.56; 95% CI: 0.35–0.89; p < 0.05) as a
barrier, and men who referred to “It takes too much physical effort” (OR: 0.66; 95% CI:
0.44–0.99; p < 0.05) as a barrier, are less likely to comply with the recommendations for
MVPA, since the perception of these barriers is negatively associated with compliance with
the recommendations.

Table 5. Association between barriers to active commuting and compliance with the MVPA recommendation by sex.

Reach MVPA Recomendation

Barriers Women Men

OR (CI 95%) p Value OR (CI 95%) p Value

Environmental

There are no sidewalk or bikeways 1.81 (1.02–3.19) 0.042 0.90 (0.59–1.36) 0.610
Bikeways occupied by people who walk 0.87 (0.55–1.37) 0.538 0.93 (0.63–1.36) 0.707
There is too much traffic along the route 1.03 (0.62–1.71) 0.918 1.30 (0.85–1.97) 0.225
Are dangerous crossings along the way 1.54 (0.79–3.00) 0.201 1.50 (0.96–2.35) 0.076
Walking or biking is insecure due to crime 0.95 (0.59–1.54) 0.839 0.83 (0.57–1.21) 0.332
Are no places to leave the bicycle safely 0.89 (0.57–1.40) 0.621 0.79 (0.54–1.17) 0.246
Streets are dangerous because of the cars 1.51 (0.78–2.94) 0.224 1.03 (0.67–1.60) 0.889

Psychosocial

I get hot and sweat when I’m walking or biking 0.56 (0.35–0.89) 0.014 1.05 (0.72–1.54) 0.793
I’m too loaded to go walking or cycling 0.98 (0.60–1.58) 0.917 0.83 (0.57–1.22) 0.345
It is easier to move with car or motorcycle 0.79 (0.50–1.25) 0.311 1.29 (0.83–1.78) 0.312
Walk or biking involves too much planning 1.26 (0.80–1.98) 0.328 0.94 (0.62–1.42) 0.752
It takes too much time 1.15 (0.72–1.84) 0.566 0.76 (0.52–1.11) 0.159
It takes too much physical effort 0.94 (0.59–1.48) 0.780 0.66 (0.44–0.99) 0.044
I need the car or the motorcycle to work 0.74 (0.44–1.23) 0.239 0.85 (0.56–1.28) 0.424

Significant differences in bold were set at p < 0.05.
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4. Discussion

The main objective was to determine the barriers perceived by students to active
commuting to university and the association with physical activity. The main findings
were that the passive commuting was the most-used commuting mode to university in
Chilean students. The most common barriers associated with passive commuting were
“walk or biking involves too much planning” and “it takes too much time” in both sexes.

4.1. Mode of Commuting

The mode of commuting to university in the current study was mainly non-active
commuting (82.2%). Similar results were reported in Spain, where a study of 518 stu-
dents from two universities revealed that 65.1% of participants engaged in non-active
commuting [19]. On the other hand, a study conducted at Kansas State University found
a prevalence of 34.7% for non-active commuting and 65.3% for active commuting [40],
a higher percentage compared to our study. In this regard, a study carried out by the
Autonomous University of Barcelona justified the use of the non-active commuting mode
for long distances between the university campuses, because the infrastructure was only
available for motorized transportation [41]. In the United States, in a study conducted
by the University of Kent, students were classified according to their place of residence
(on the university campus or outside of it), revealing that only 4% of the students who
lived off-campus walked, compared to 42% of students who lived on campus that walked,
and 3% who cycled, highlighting the importance of distance in the choice of commuting
mode [42]. In another study, also conducted in the United States, 76.1% of students actively
moved [43]. These are high figures compared to this Chilean study, because students reside
in different districts of the cities, since universities do not have on-campus housing. Thus,
in our study, the main passive mode of commuting was public bus, with 50.5%, which was
higher in women than in men. A Spanish study done on university students defined the
use of the metro/train (31.1%) as the main non-active commuting mode [19], revealing
the difference that exists in commuting modes compared with Chilean students. Public
transport is more often classified as passive commuting [44]. However, there could be a
small benefit associated with its use, since students usually have to walk to public bus
stops [45]. In this sense, the choice of the mode of commuting to university is extremely
important, not only for the benefits of AC, but also for the increase in daily PA.

4.2. Barriers Perception for Active Commuting

The perception of barriers was divided into “Environmental” and “Psychosocial”, and
both variables had a significant association with the choice of commuting to university.
In both sexes, the most often perceived barriers were “Walk or biking involves too much
planning” and “It takes too much time”. In an Australian study of AC to and from
university, travel time was the most important barrier to AC [46], which is consistent
with our study. Another study conducted in university students in Ireland showed that
an increase in travel time to university decreased the probability of being classified in
a group containing AC and recreational PA at university [47]. This could indicate that
students seek to minimize their commuting time, and that it is necessary to provide advice
on travel planning and promote walking and cycling, especially for those who live near
the university.

In our study, it was possible to appreciate that there were more barriers caused by
the personal (psychosocial) compared to environmental barriers. A study carried out on
university students from Spain showed that both the psychosocial and environmental
variables had a significant correlation with AC to the university [48]. Another study in
Spain on AC showed that socioeconomic factors are the most decisive with respect to
the use of passive commuting, followed by social behavior variables [41]. A study in
Africa on the effect of various motivators and barriers in cycling showed that addressing
physical or environmental barriers individually has little impact on promoting cycling, as
the perceived motivating variables were more personal [49]. In this sense, and according to
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the results of our study, it is important to take a comprehensive approach to psychosocial
and environmental barriers, since the understanding of psychosocial barriers provides a
useful framework to understand the mindset of travelers when designing policies that
promote AC.

On the other hand, women showed a greater negative association between AC and the
perception of environmental barriers compared to men. In a study on the influence of AC
in college students, it was observed that men were more likely to use AC than women, and
that, among women, there was a relationship between appearance (e.g., being sweaty) and
AC [50]. In addition, this is in agreement with other studies that indicate that women are
more concerned about access to services such as showers [51], and that clothing can play an
important role in travel decision [52], which coincides with some perceived psychosocial
barriers in this study. Another study on the sex gap in choosing to use bicycles showed that
women choose bicycles 30% less often than men for their trips to campus and that there are
various factors for not commuting by bicycle, such as an unsafe environment [53], which
is also consistent with several environmental barriers perceived in this study by women.
These findings reinforce the idea that the design of future interventions to promote AC
should consider the specific barriers of women and men. Looking at the environmental
and social factors that affect the perspective of women and men could directly contribute
to increasing rates of AC.

In our study, it was possible to appreciate that there is a perception of both psychosocial
and environmental barriers that would affect the use of bicycles as an active means of
transport, with the former being the ones that have the greatest influence. Although it has
been described that bicycle use not only depends on the individual mobility behaviors of
the user but is also associated with the environment, urban cycling interacts with other
modes of travelling, such as public buses, cars, motorcycles and pedestrians [54]. The use of
a bicycle is associated more with the cyclist, as long as he/she controls the conditions of the
trip, such as the distance travelled [55], physical effort and greater exposure to the weather,
which conditions the mobility behaviors that stand out as individual, sociodemographic
and psychological factors [56].

A study carried out in Argentina showed a lack of road safety when sharing the road
with motorized vehicles as a main barrier to bicycle use [57]. In Chile, a study showed
that the bicycle is used downtown through the streets, since bikeways are located in
certain sectors of the metropolitan region (137 bikeways in 14 districts), which are mainly
concentrated in districts of higher socioeconomic status and greater motorization [58].
As safety is an important factor in the choice of the bicycle as a means of AC, it would
be important to promote changes in the cycling infrastructure that would make students
perceive cycling as safer, such as improvements to local bike routes and the creation of more
off-street bikeways. It is fundamental to improve the behaviors of PA practices through
programs aimed at people that decrease the personal barriers to the use of this means of
AC and to invest in road education.

In relation to the use of vehicles, an investigation showed that postgraduate students
have a greater tendency to use passive modes of commuting (bus or car) due to their
work or the possibility of acquiring a vehicle [59]. In Chile, the statistics show that the
automotive fleet continues to increase [60], which could become a barrier with greater
weight for AC. In our study, car use was only a barrier in men. However, in this university
stage, students have low purchasing power; young people do not own cars and it is not
presented as a significant barrier.

4.3. Barriers Perception for MVPA Recommendation

The barriers associated with non-compliance with MVPA are greater in women than
in men. In women, in terms of environmental barriers, we find “There are no sidewalk
or bikeways” and in the psychosocial barrier is “I get hot and sweat when I’m walking
or biking”, compared to men who only have the psychosocial barrier “It takes too much
physical effort”. It is important, at this point, to emphasize that the perceived barriers
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associated with MVPA coincide with AC, that is, a lot of effort and sweating are repeated
reasons for women for not doing PA in this study.

In the literature, it was found that the barriers to compliance with the MVPA were
economic levels, interest in the use of sports facilities, residence, intrapersonal and interper-
sonal barriers [22], distance [61] and psychosocial factors [47]. In the other study, carried
out in university students, it is mentioned that the barriers to compliance with PA are
economic levels, health, peer support, self-efficacy and effect related to the practice, which
were increased in men compared to women [62]. In comparison with other investigations,
women face greater barriers to the practice of PA [63].

On the other hand, Sevil et al. [64] analyzed the relationships between physical
activity and the perceived barriers to physical activity, motivation and stages of change
in Spanish university students, where they found that the barriers to participation were
related negatively to the levels of PA and more self-determined forms of motivation.
Recommendations include intervention from a medical area to help to comply with the
recommendations of physical activity for optimal health [65], due to the high incidence
of sedentary lifestyle in university students [66]. A study of Peruvian medical college
students from a private university indicates that of the 312 students, just under a third
performed MVPA for ≥150 min/week, and slightly more than a third performed MVPA for
≤30 min/week [67]. In turn, a study carried out with 244 adults mentions environmental
barriers, where they indicate that cold days with little light are a barrier to compliance
with the MVPA, because the increase of 10◦ is associated with an additional increase of
1.5 min/day and every extra hour of light in the day adds 2.23 min to the practice of
PA [68]. Moreover, in an investigation in 507 adolescents, they mention internal and
external barriers, such as “I am not interested in physical activity” and “I need equipment
I don’t have”, and no significant differences between sex were found [69]. In this sense,
a better understanding of the barriers that prevent compliance with the MPVA between
both sexes is essential to minimize passive commuting and obtain the variety of benefits
associated with AC.

4.4. Limitations and Implications

Despite the numerous significant findings in our study, there were some limitations,
including that the student questionnaire was self-reported, and therefore could be subject
to bias. On the other hand, the data used were only related to travel between home and
university, and cannot be extrapolated to other environments. Our study only recorded the
main mode used for commuting, so we did not consider mixed modes. Finally, only four
universities were consulted in the research and the geographical characteristics of the three
cities where they are located are heterogeneous, and a representative sample per university
was not calculated. Therefore, precaution must be taken when generalizing the current
results. However, this study makes a significant contribution to the literature on the variety
of influences that can affect active commuting. A change in the culture of mobility must
begin from within communities and in this sense, university students can be an important
target group, especially women, who show a greater negative association between the
perception of environmental barriers and AC, as well as with non-compliance with MVPA.
Therefore, these findings, in combination with existing research, provide a solid foundation
for future studies in this area and the development of policies and programs to improve
AC in the university, suggesting that a strong association between the government and
university organizations can produce positive results.

5. Conclusions

This study provided important information on perceived barriers to AC and MVPA
compliance in Chilean university students. The results of the present study suggest that
psychosocial or personal barriers were more positively associated with passive commuting
to university than environmental barriers. In other words, aspects based on personal
decision to commute actively intervene to a greater extent than the barriers imposed by the
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environment. Therefore, implementing policies that address the psychosocial factors more,
but environmental factors as well, are necessary to increase AC rates, and thus achieve
an impact in terms of both health and PA in university students. In addition, our study
suggests that it is necessary to target women over men for AC and PA interventions, since
women present more barriers and less active commuting. In this way, the measures should
not only be applied by the government, but should mainly include universities as the lead
actor for the development of educational strategies that promote and increase AC.
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Abstract: Active school transport (AST) is a source of daily physical activity uptake. However, AST
seems to have decreased worldwide over recent decades. We aimed to examine recent trends in AST
and associations with gender, age, family affluence, and time to school, using data from the Health
Behaviour in School-Aged Children (HBSC) study collected in 2006, 2010, 2014, and 2018 in the Czech
Republic, Norway, Scotland, and Wales. Data from 88,212 students (11, 13 and 15 years old) revealed
stable patterns of AST from 2006 to 2018, apart from a decrease in the Czech Republic between 2006
and 2010. For survey waves combined, walking to and from school was most common in the Czech
Republic (55%) and least common in Wales (30%). Cycling was only common in Norway (22%). AST
differed by gender (Scotland and Wales), by age (Norway), and by family affluence (everywhere but
Norway). In the Czech Republic, family affluence was associated with change over time in AST, and
the effect of travel time on AST was stronger. The findings indicate that the decrease in AST could
be levelling off in the countries considered here. Differential associations with sociodemographic
factors and travel time should be considered in the development of strategies for AST.

Keywords: active school transport; trends; cross-national; HBSC; gender; age; SES

1. Introduction

In recent years, active travel has become an integral part of international initiatives
aimed at increasing levels of physical activity within the population [1–4]. Walking and
cycling to school have gained considerable attention as sources of young peoples’ daily
physical activity. More recently, there has also been an increased focus on active commuting
as a sustainable form of transport that can reduce problems caused by motorised vehicles,
with potentially significant economic benefits and public health impacts [3,5–8].

Reviews of the growing body of literature in the field strongly support a positive
relationship between active school transport (AST) and levels of physical activity [9,10].
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Positive associations have also been found between cycling to and from school and car-
diovascular fitness [9–12]. A relationship between AST and body composition indicators
is less clear [9,10]. Other potential co-benefits of AST relate to improved navigation and
road safety abilities [13,14], better processing of the physical surroundings [15], higher
activation (i.e., alertness and activity) during school hours [16], and the development of
long-term physical activity and active transportation habits [17,18].

Despite the potential benefits, the number of children and youths that walk or cycle
to school seems to have decreased worldwide in recent decades [19–28]. However, large
cross-country variations are observed in the prevalence of AST and the magnitude of
decline [21]. In the United States, the prevalence of AST among children dropped from 49
to 13% between 1969 and 2009 [25], whereas it declined from 44 to 21% among 10–14 year
old children in Australia between 1971 and 2003 [24]. Findings from Europe display
a more mixed picture, with generally higher proportions of AST being reported, but
decreasing trends have also been observed in European studies [22,26,29,30]. Many of
the existing studies on trends in AST span over several decades, covering a period when
use of motorised vehicles increased dramatically. Furthermore, the studies are limited
to data from individual countries preventing reliable cross-national comparisons. More
recently, policy initiatives and national programs to promote active school commuting have
been initiated in many countries [3,6,31–33], which may have affected schoolchildren’s
travel behaviours.

Contemporary studies suggest that AST is associated with a wide range of factors,
such as demographic (gender, ethnicity, age), family (parental education, household in-
come, car ownership), social (individual and parental attitudes and concerns, social and
cultural norms), environmental (school distance, safety, walkability, traffic calming, infras-
tructure, recreational facilities, centralization), and policy-related factors [6,25,29,34–36].
It is to be expected that some of the underlying drivers of AST will vary between and
within countries [23]. However, a large body of research has identified the distance be-
tween home and school and time taken to travel to school as the strongest predictors of
AST [6,14,29,36,37], and findings from several countries point towards an increase in the
distance to school over time [20,27,29,38].

Gender, age, and socioeconomic status (SES) have been identified as potential mod-
erators of AST [39]. Findings from North America, Australia, New Zealand, and the
Czech Republic indicate higher levels of AST for boys more often than girls [14,32,36,40,41],
while gender differences have not been observed in studies from Switzerland [26] and
Norway [11]. Regarding gender difference trends in recent times, there is no clear pattern,
with no differences [41,42], a decline only for girls [43] and a decline in boys and an increase
in girls [27] having been observed. The relationship between age and AST is expected to
be curvilinear, with an initial age-related increase due to more independent mobility and
parental allowances, followed by a decrease because of generally longer distances to sec-
ondary schools compared with localised primary schools [14]. Socioeconomic differences
in AST have been less well studied. The literature from North America and New Zealand
generally shows that low-income households and lower parental education correlate with
more AST [14,36]. Nevertheless, the lack of standardised measures and comparable control
variables across different studies makes it difficult to compare, aggregate and interpret
findings [35,36,44,45].

Cross-national studies of current time trends with a comparable methodological
approach are of interest because they can provide unique insights into how recent devel-
opments, as well as national and local level policies, may have had an impact on AST.
It has been suggested that future research should also consider changes in key AST cor-
relates over time to support the development of new policies, regulations, designs, and
programme interventions [36]. To improve the understanding of young peoples’ transport
to school in different regions in Europe between 2006 and 2018, the current study aimed
to examine secular trends in AST and their associations with gender, age, SES, and time
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to school across Northern Europe (Norway), western Europe (Scotland and Wales) and
central Europe (the Czech Republic).

2. Materials and Methods

2.1. Study Population and Procedures

The Health Behaviour in School-Aged Children study (HBSC) is unique in collect-
ing comparable cross-national data on representative samples of young peoples’ health
behaviours every fourth year. A standardised international protocol ensures the consis-
tency of measures, sampling, and implementation procedures prepared by the HBSC
International Coordinating Centre [46].

Data stem from the HBSC studies conducted in 2006, 2010, 2014, and 2018 in the Czech
Republic, Norway, Scotland, and Wales. Data on AST were obtained from a total of 88,212
children across the four time points (2006: n = 18,317, 50.3 % girls; 2010: n = 18,902, 51.0%
girls; 2014: n = 17,699, 51.3 % girls; 2018: n = 33,294, 50.6 % girls). The age and gender
distributions were fairly stable across countries and survey years (Table S1). Students were
surveyed to produce representative national estimates for 11, 13, and 15 year old children.
Classes within schools were selected with variations in sampling criteria which allowed us
to fit country-level circumstances (e.g., national regions, type of school, and size of schools).
Ethical approval for the surveys was obtained at the national level. Participation was
voluntary and the children were informed about confidentiality and anonymity. Classroom
teachers or trained administrators conducted the survey and consent (explicit or implicit)
was given from school administrators and/or parents before participation. More details on
the HBSC study procedures can be found elsewhere [46].

2.2. Survey Items
2.2.1. Active School Transport

Mode of travel to and from school was assessed with two questions: “On a typical
day is the main part of your journey to school made by . . . ?” and “On a typical day is the
main part of your journey from school made by . . . ?”. Response options were “Walking”,
“Bicycle”, “Bus, train, tram, underground or boat”, “Car, motorcycle or moped” or “Other
means”. A slightly different version of the AST items used earlier in the 1985/86 HBSC
study have been examined, with the reliability in terms of Cronbach’s alpha found to
be 0.83 and a correlation with the total weekday physical activity score—measured by
accelerometers—of 0.20 (p < 0.01) [47]. In the present study, only 1–1.5% reported “Other
means”; this category was included in non-active transport. For the prevalence and trend
analyses, AST was both used as a categorical variable based on 4 categories (walking both
ways, cycling both ways, active one-way only, non-active transport), and as a categorical
variable based on 2 categories (active transport both ways vs. one-way only or non-active
transport). The latter categories in both cases were used as a reference in the analysis
that follows.

Time to school was assessed with one question “How long does it usually take you to
travel to school from your home?” and was used as a proxy for distance to school. Response
options were “Less than 5 min”, “5–15 min”, “15–30 min”, 30 min to 1 h” and “More than
1 h”. For the analyses, this variable was recoded into three categories (Less than 5 min,
5–15 min, >15 min). Again, the latter category was used as reference. Travel time to school
increased between 2006 and 2018 in Czech Republic and Wales, whereas this remained
fairly stable in Norway and Scotland (Supplementary Table S1).

2.2.2. Sociodemographic Variables

Gender (boys vs. girls), age groups (11, 13, and 15 year olds), and individual family
affluence (FAS—Family Affluence Scale (FAS-II)) were included in the analysis. The latter
is a validated HBSC measure of SES [48]. Family affluence is a composite sum score, which
resembles a valid measure of household material affluence derived from participants’
responses to 4 items describing the material conditions of their household (respondents’
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own household bedrooms, family holidays, family vehicle ownership, and PC ownership).
FAS has changed through time but this version was used in 2006, and was therefore applied
in the current study. Responses to the individual items are summed on a 9-point scale
with set cut-points for low (0 to 3), medium (4 to 5), and high (6 to 9) affluence. The
individual FAS responses were combined and standardised by using ridit transformation
to give a linear SES-score (0–1). The regression coefficient of the FAS score can be directly
interpreted as the predicted difference in AST between the least deprived individual and
the most deprived individual. When using this procedure, ordered categorical variables
are converted to cumulative probabilities, and the individuals are thus ranked on this
continuum. Ridit transformation has previously been applied in inequality studies using
SES scales with ordinal measurements [49–51] and is recommended for comparisons of
the effects of FAS [52]. Family affluence increased between 2006 and 2018 in the Czech
Republic, Scotland, and Wales, and remained relatively stable in Norway (Supplementary
Table S1).

2.3. Data Analysis

All analyses were conducted using Stata version 15 (StataCorp LLC, College Station,
Texas, USA). Stata’s survey command (svyset) was used to adjust for sampling weight,
clustering, and stratification in the sampling design. The alpha level was set to 0.001
given the large sample size and the number of tests. Joint significance of regression terms
containing polytomous categorical variables was determined by means of adjusted F-tests.
Secular trends were examined both for AST based on 4 categories and for AST based
on 2 categories by means of multinomial and logistic regression, respectively. The initial
model included age, gender, and country (Section 3.1). In the next step, the country-by-
survey year interaction was added (Section 3.2). Pending statistical significance of this
interaction term, age- and gender-adjusted results were presented separately for each
country. Results were adjusted for age and gender to make sure that changes in AST could
not be attributed to changes in age or gender distributions across survey years. Separate
analyses were conducted for each survey year, modelled as a categorical variable and as a
continuous variable (linear trend). For categorical time, backward difference coding was
used to allow for the comparison between consecutive survey years. To determine whether
SES and time to school were related to trends in AST, these two variables were added to
the model as main effects (Section 3.2). These factors were considered to be potentially
explanatory when the OR associated with survey year was reduced by ≥10% [53]. For
ease of interpretation, the remaining models were only conducted for AST based on 2
categories and with survey year modelled as a categorical variable (Section 3.3). Country
differences were explored further by adding the two-way interactions of country by gender,
age, SES, and time to school, respectively. Finally, potential country differences over time
were explored by testing a model with three-way interactions of country by survey year by,
respectively, gender, age, SES, and time taken to travel to school. For statistically significant
interaction terms, country differences were examined across survey years.

3. Results

3.1. AST by Country across Surveys

For AST based on four categories, the adjusted F-test for country was F(9, 2258) = 204.5,
p < 0.001, and for AST based on two categories F(3, 2264) = 136.1, p < 0.001. This indicated
significant variation in AST by country for all survey waves combined (Table 1). Walking
to school both ways was most common in the Czech Republic (55%) and least common in
Wales (30%), whereas cycling to school was limited, with the exception of Norway (22%).
One-way AST was relatively uncommon and there was also only modest variation in its
prevalence between countries (6–10%). When considering active travel both ways (Table 1)
the prevalence in the Czech Republic (57%) and Norway (59.4%) was significantly higher
as compared to Scotland (46%) and Wales (31%).
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Table 1. Age/gender-adjusted prevalence of active school transport (AST) by country across
survey years.

AST Based on 4 cat. Country % (99.9% CI) OR (99.9% CI)

Walking both ways Czech Republic 54.6 (51.9, 57.3) 1.53 (1.21, 1.93)
Scotland 44.6 (42.5, 46.7) 0.95 (0.76, 1.19)

Wales 30.1 (26.5, 33.7) 0.47 (0.36, 0.62)
Norway 36.6 (33.0, 40.3) Ref.

Cycling both ways Czech Republic 2.4 (1.7, 3.2) 0.11 (0.07, 0.16)
Scotland 1.3 (.08, 1.7) 0.04 (0.03, 0.06)

Wales 0.8 (.04, 1.2) 0.02 (0.01, 0.03)
Norway 22.2 (19.2, 25.2) Ref.

One-way AST Czech Republic 8.7 (7.8, 9.6) 1.53 (1.21, 1.94)
Scotland 9.6 (8.7, 10.4) 1.29 (1.02, 1.62)

Wales 8.6 (7.5, 9.8) 0.85 (0.65, 1.12)
Norway 5.9 (5.0, 6.7) Ref.

AST based on 2 cat.
AST both ways Czech Republic 57.2 (54.5, 59.8) 0.91 (.74, 1.12)

Scotland 46.0 (43.9, 48.1) 0.58 (0.48, 0.70)
Wales 31.0 (27.3, 34.6) 0.30 (0.24, 0.39)

Norway 59.4 (55.3, 63.6) Ref.
Ref. active travel 4 cat. = no AST based on multinominal logistic regression, ref. active travel 2 cat. = no
AST/one-way AST. Estimates in bold = p < 0.001, logistic regression.

3.2. Secular Trends in AST by Country

The country-by-categorical survey year interaction was statistically significant for
both AST based on four categories (F(9, 2258) = 204.5, p < 0.001) and AST based on two
categories (F(9, 2258) = 204.5, p < 0.001), indicating that the effect of survey year varied across
countries. Similar results were obtained for treating time as a continuous variable. As
shown in Table 2, AST changed significantly over time in Czech Republic, but remained
stable in the other three countries. In the Czech Republic, there was a relatively sharp
decrease in walking both ways between 2006 and 2010, followed by a stable pattern between
2010 and 2018. A similar, though less pronounced, pattern was found for cycling both ways.
A small linear increase over time was observed for one-way AST in the Czech Republic.
For AST based on two categories, this translated into a decrease in AST both ways between
2006 and 2010, followed by a stable pattern between 2010 and 2018. Despite the overall
decrease in the Czech Republic between 2006 and 2018, the prevalence of AST both ways
remained higher when compared to Scotland and Wales (Figure 1).

Adding family affluence and time to school to the basic country-specific models (age,
gender, survey year) did not change the effect of survey year in Norway, Scotland, and
Wales. In the Czech Republic, the odds ratio representing the change from 2006 to 2010
in walking both ways (based on four categories) changed from 0.57 to 0.64 after adding
family affluence, 0.59 after adding time to school, and 0.65 after adding both variables.
This equates to an OR-change of, respectively, 16, 5, and 19%. Family affluence and time to
school did not change the significant effect of survey year on cycling both ways, neither
did these variables change the linear effect of survey year on one-way AST. For AST based
on two categories, the odds ratio representing a change from 2006 to 2010 in AST both
ways changed from 0.54 to 0.60 after adding family affluence, 0.56 after adding time to
school, and 0.62 after adding both variables. This equates to OR-change of 13, 4, and 17%,
respectively. Overall, these results indicated that change over time in family affluence was
associated with a change in walking both ways in the Czech Republic. It should be noted
that all the mentioned effects of survey year in the Czech Republic remained statistically
significant after adding family affluence and time to school to the model.
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Figure 1. Age and gender adjusted prevalence of AST both ways by country and survey year. (CZ = Czech Republic,
NO = Norway, SCT = Scotland, WLS = Wales).

3.3. Country Differences in AST Both Ways by Gender, Age Group, Family Affluence and Time
to School

All four two-way interactions of gender, age group, family affluence, and time to
school by country were statistically significant (p < 0.001), indicating that the effects of
these variables varied by country. As shown in both Table 3 and Figure 2, there were
significant gender differences in Scotland and Wales, with boys being more likely to exhibit
AST both ways as compared to girls in these two countries. There was a particularly
strong age group effect in Norway with 11 year olds being much more likely to exhibit
AST both ways as compared to 13 and 15 year olds. Family affluence did not impact the
probability of AST in Norway, whereas children in the other countries from more affluent
families were less likely to have AST both ways as compared to their counterparts from less
affluent families. The estimated probability difference of AST between children coming
from the least affluent families (0) and children coming from the most affluent families (1)
is displayed in Figure 2. Finally, the effect of time to school on AST was much stronger
in the Czech Republic when compared with the other three countries. Children from the
Czech Republic with a travel time of less than 5 min were more likely to engage in AST
(86%), whereas this was much less likely in Scotland (62%) and Wales (50%). This was also
true for travel times between 5–15 min, but the country differences were somewhat less
pronounced for this category. Across surveys, the prevalence of travel time less than 5 min
was 21% for the Czech Republic, 17% for Norway, 22% for Scotland, and 14% for Wales,
whereas the prevalence of travel time between 5–15 min was 48% for the Czech Republic,
46% for Norway, 44% for Scotland, and 44% for Wales.
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Table 3. Adjusted associations with AST both ways by country *.

Variables

Czech Republic Norway Scotland Wales

OR (99.9%CI) OR (99.9%CI) OR (99.9%CI) OR (99.9%CI)
Notable Country

Differences

Survey year

2010 vs. 2006 0.61 (0.43, 0.89) 0.67 (0.41, 1.08) 1.11 (0.88, 1.39) 0.96 (0.61, 1.52) Change in AST in
CZ only

2014 vs. 2010 0.99 (0.72, 1.36) 1.35 (0.87, 2.10) 0.96 (0.76, 1.22) 0.99 (0.63, 1.55) -
2018 vs. 2014 1.01 (.78, 1.31) 0.83 (0.51, 1.34) 0.91 (0.70, 1.19) 1.06 (0.70, 1.60) -

Female gender 0.97 (0.87, 1.08) 0.93 (0.81, 1.07) 0.85 (0.76, 0.94) 0.79 (0.70, 0.90)
Gender differences
in SCT, WLS only

Age group

13 year olds 0.97 (0.83, 1.14) 0.51 (0.37, 0.71) 0.80 (0.64, 0.99) 1.13 (0.97, 1.31) Age group effect in
NO, SCT only

15 year olds 1.18 (1.00, 1.40) 0.49 (0.36, 0.67) 0.83 (0.67, 1.03) 1.11 (0.92, 1.35) Age group effect in
NO only

Time to school

<5 min. 20.10 (15.81, 25.56) 6.88 (5.23, 9.05) 3.15 (2.62, 3.79) 2.97 (2.20, 4.01)
Stronger time to
school effects in

CZ, NO

5–15 min. 5.58 (4.81, 6.57) 2.90 (2.41, 3.50) 1.65 (1.43, 1.90) 1.36 (1.09, 1.69)
Stronger time to
school effects in

CZ, NO

Family affluence 0.40 (0.32, 0.50) 0.96 (0.70, 1.31) 0.46 (0.37, 0.56) 0.55 (0.43, 0.70)
Social gradient

absent in NO only

* Estimates by country for model AST = Survey year + gender + Age group + Time to school + Family affluence. Ref. AST 2 cat. = no
AST/one-way AST. CZ = Czech Republic, NO = Norway, SCT = Scotland, WLS = Wales. Ref. Age group = 11 year olds, Ref. Time to school
= >15 min. Family affluence ridit transformed to a linear score (0–1). Estimates in bold = p < 0.001.

 

Figure 2. Country differences in AST both ways by gender, age, family affluence, and time to school.
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None of the four three-way interactions of country by survey year by, respectively,
gender, age, SES, and time to school were statistically significant, indicating that the
observed country differences did not change over time.

4. Discussion

The current study provides recent trends in AST and their associations with gender,
age, SES, and time to school across four European countries. The findings demonstrate
that, apart from the Czech Republic, there were generally stable patterns of partly low
levels of AST in the period from 2006 to 2018. However, the prevalence and association
with moderating factors varied considerably between countries. For all survey waves
combined, walking to school both ways were most common in the Czech Republic (55%),
followed by Scotland (45%), Norway (37%), and Wales (30%). Cycling to school was only
common in Norway, with the highest prevalence of total AST (59%). One-way AST was
relatively uncommon with modest variation between countries. Overall, the results show
that active travel both ways was considerably higher in the Czech Republic and Norway
when compared to Scotland and Wales. Although, there was a general direction towards
a decline across all four countries, this was non-significant. The stable trends in AST
observed in the current study contrast with most studies [19–28] but are in line with one
study from Australia that assessed trends between 2004–2010 [54] and the findings from
28 studies in Spain between 2010 to 2017 [41]. The findings suggest that a general decline
in AST may have levelled out in various regions in Europe.

The prevalence of AST changed significantly over time only in the Czech Republic,
with a relatively sharp decrease observed between 2006 and 2010, followed by a stable
pattern between 2010 and 2018. This is in line with a previous study [42]. A small linear
increase over time was also observed for one-way AST in the Czech Republic. The extent to
which the recent initiation of services, such as bike shares, has contributed to this increase is
unknown, but a topic worth further investigation. The market demand for micro-mobility
is also expected to grow significantly. The availability of these personal vehicles may
also influence AST in the future. The negative trend observed in the Czech Republic
might be explained by increasing car ownership [55], insufficient cycling infrastructure
at a municipal and school level [56], and barriers dealing with safety concerns [57]. The
Czech Republic was also the only country where family affluence was associated with
change over time in walking both ways. It may, therefore, be the case that the change in
family affluence contributed to some of the change in AST, for example, through increased
availability of family cars. In all countries, except Norway, children from more affluent
families were less likely to engage in AST both ways when compared to their counterparts
from less affluent families. This finding is in line with studies from North America and
New-Zealand [14,36]. In addition to the possibility of reduced access to a private car in
lower-income families, constraints on the time available for single-parents to drive has
been identified as a potential reason for family affluence differences [36].

The travel time to school increased between 2006 and 2018 in the Czech Republic and
Wales, whereas this remained relatively stable in Norway and Scotland. School distance and
time to school have been identified as strong correlates of AST [6,14,29,36,58]. It has been
suggested that the development of bigger school units and the closing of neighbourhood
schools and school choice policies are contributors to the increased distance and time
to school [29,36]. Nevertheless, the literature suggests that many children live within a
reasonable walking distance from school [59–61]. In the current study, the prevalence
of a travel time less than 15 min was relatively similar across countries. An interesting
finding was that the effect of time to school on AST was strongest in the Czech Republic,
as Czech children with a travel time of less than 5 min were much more likely to engage
in AST, as compared to children in Scotland and Wales. This was also observed for travel
times between 5–15 min, but the country differences were less pronounced. Thus, there
seems to be potential, especially for countries such as Scotland and Wales, to increase
their levels of AST by targeting families who live within a “threshold” distance. This is

365



IJERPH 2021, 18, 2118

reported to be less than 1.5–2.0 km for walking and 3.0 km for biking [62–64]. However,
environmental factors (e.g., how many busy roads to cross, presence of staff to help crossing
roads) could also be influential in short distances. The findings highlight the need for
comprehensive local approaches, which should also include some form of risk assessment
and environmental modifications.

The relatively high and stable levels of AST observed in Norway may partly be a result
of a substantial proportion of schoolchildren cycling to school. Cycling to school allows
students to move faster and they can cover greater distances [65]. Unlike studies from many
other European countries, schoolchildren from Scotland, Wales and the Czech Republic
did not use cycling as a mode of travel. However, the findings are in line with studies from
Ireland [66]. Higher rates of cycling versus walking to school among adolescents have
been found in other Nordic countries, such as Denmark and Finland [29]. In contrast to
Denmark, known for its longstanding cycling traditions, cycling-friendly infrastructure,
and flat landscape, the climate, topography, and physical environmental conditions in
Norway are diverse. The relatively high prevalence of cycling could be related to social and
cultural norms. Nordic countries have a culture where outdoor activities, in general, play
an important role in the “way of life” [67] and Norway has a long tradition for outdoor
education in primary schools [68]. This could have a positive impact on attitudes towards
independent mobility, which has been associated with cycling to school [69]. Another, but
perhaps related issue is expectations around school dress codes. In New Zealand, school
uniform requirements have been found to influence adolescents’ motivation for cycling
to school [70]. This could also be the case in Scotland and Wales, where school uniforms
can be quite formal, whereas in Norway students do not use school uniforms. In a study
from Scotland, wearing helmets were also a barrier for cycling to school, especially among
older children [71]. Other essential factors that could explain why school children do not
cycle to school, include lack of cycling infrastructure (e.g., dedicated cycle paths), limited
facilities at school and children’s lack of competence in terms of cycling [66]. The reality is
most likely a combination of all the factors noted.

In the current study, an age effect was observed, with lower odds for AST for the
13 and 15 year olds in Norway and the 13 year olds in Scotland. In Wales 11 year olds
are already at secondary school which would explain the lack of age effect. In terms of
the secular trends in AST, we did not observe any age interactions. The effect of age was
considerable in Norway. This is in line with previous studies that have found substantially
higher levels of AST among primary as compared to secondary school children [11,47].
Secondary schools are typically bigger school units with increased travel distances for most
students [14], which might explain this finding.

Combining the data from all study waves, it appears that gender was a significant
factor influencing AST in Wales and Scotland. Gender differences have been confirmed
in several previous studies [14,32,36,39,40]. In terms of secular trends in AST, we did
not observe any gender interactions, suggesting that the gender differences in Wales and
Scotland remained constant throughout the years. Findings from other trend studies have
shown comparable results [25,34,41,72]. In two studies from Spain and Brazil, no gender
differences were observed [27,43]. However, over time there was a decline for Spanish
girls [43], and a decline for boys and an increase for girls among Brazilian youth [27].
Suggested explanations for girls showing lower AST levels relate mainly to safety concerns
(e.g., traffic and crime) and independent mobility, with boys more likely to be allowed to
explore their neighbourhood environment to a greater extent without supervision [10]. It
has also been suggested that the current generation of parents have more concerns about
safety that might be responsible for some of the differences in AST levels [31]. Nevertheless,
the differential gender differences observed across countries, suggests cultural variations
that future studies should seek to understand more in depth.
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Strengths and Limitations

The key strengths of this study include the large sample size and ability to compare
across four European countries, with representative samples of adolescents, using a shared
research protocol. Furthermore, the use of standard methodology for data collection and
measurement of AST, with consistent wording throughout the waves, ensured internation-
ally comparable data and robust trend analyses. The analyses were conducted with rigour,
by adjusting for sampling weight, clustering and stratification in the sampling design, and
the alpha level was set to 0.001, given the large sample size and the number of tests. The
possibility of differentiating between cycling and walking in this study was also important,
as it gave a more detailed picture of students’ travel behaviours to school.

However, there are also limitations. The analysis is based on a repeated cross-sectional
design conducted every fourth year. Interpretation of trends should be made carefully be-
cause there is no information available between the different survey waves. Data collection
was conducted by self-report, and therefore, may be susceptible to recall bias. However, it
is a challenge to objectively assess AST because of its versatile nature [73]. The AST mea-
sure does not detect day-to-day variations in transport behaviour and the students were
categorised based on their main method of travel, which could misrepresent the amount
of activity. For example, respondents who used passive transport may have accumulated
some amount of physical activity for a segment of the journeys, that could add to their
daily physical activity uptake. Furthermore, distance to school was approximated by the
included time to school variable, which was a suboptimal solution as time to school partly
dependents on transportation mode and could also be influenced by time spent stopping
somewhere during the journey and other environmental factors. Nevertheless, a strength
of HBSC lies in its breadth, which as a consequence, unfortunately means that not all issues
can be explored in great depth.

5. Conclusions

The study found stable patterns of AST in the period from 2006 to 2018, except for
a reduction in the Czech Republic from the first to the second wave. These findings
could indicate that the previously observed decrease in AST has been flattening off in the
countries studied here. Still, the findings suggest that there is a great potential to increase
the level of active commuting to school, especially in Scotland and Wales where the levels
were low despite government action. This indicates that tackling active travel alone (e.g.,
with a focus on infrastructure) is not enough and points to the fact that action really does
need to be cross-cutting and comprehensive. The variation in the prevalence of AST and
the observed associations with gender, age, family affluence and time to school, suggest
there are most likely country-specific factors influencing students’ choice of travel mode
to school.
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Abstract: Background: Bicycling has been associated with health benefits. Local and national author-
ities have been promoting bicycling as a tool to improve public health and the environment. Mexico is
one of the largest Latin American countries, with high levels of sedentarism and non-communicable
diseases. No previous studies have estimated the health impacts of Mexico’s national bicycling
scenarios. Aim: Quantify the health impacts of Mexico urban bicycling scenarios. Methodology:

Quantitative Health Impact Assessment, estimating health risks and benefits of bicycling scenarios
in 51,718,756 adult urban inhabitants in Mexico (between 20 and 64 years old). Five bike scenarios
were created based on current bike trends in Mexico. The number of premature deaths (increased or
reduced) was estimated in relation to physical activity, road traffic fatalities, and air pollution. Input
data were collected from national publicly available data sources from transport, environment, health
and population reports, and surveys, in addition to scientific literature. Results: We estimated that
nine premature deaths are prevented each year among urban populations in Mexico on the current
car-bike substitution and trip levels (1% of bike trips), with an annual health economic benefit of
US $1,897,920. If Mexico achieves similar trip levels to those reported in The Netherlands (27% of bike
trips), 217 premature deaths could be saved annually, with an economic impact of US $45,760,960.
In all bicycling scenarios assessed in Mexico, physical activity’s health benefits outweighed the
health risks related to traffic fatalities and air pollution exposure. Conclusion: The study found that
bicycling promotion in Mexico would provide important health benefits. The benefits of physical
activity outweigh the risk from traffic fatalities and air pollution exposure in bicyclists. At the national
level, Mexico could consider using sustainable transport policies as a tool to promote public health.
Specifically, the support of active transportation through bicycling and urban design improvements
could encourage physical activity and its health co-benefits.

Keywords: bicycling; transport; Mexico; health impact assessment; environmental health

1. Introduction

The United Nations has reported that more than 50% of the global population lived in
urban settings in 2018, and the urbanization trend is expected to increase in the coming
years [1]. Urban and transport planning has been suggested as a critical health determinant,
impacting physical activity, air and noise quality, traffic safety, blue and green spaces,
among others [2,3]. Specifically, bicycling has been suggested as a tool to promote physical
activity [4–6].

Sedentarism is one of the leading risk factors for mortality worldwide [7]. The global
prevalence of insufficient physical activity in 2016 was 23%, and the Latin American region
had the highest prevalence of insufficient physical activity (39%) [8]. Mexico is the second
most populated country in the Latin American region, with 127 million inhabitants [9],
with more than 80% of its population living in urban areas [1]. Mexico has reported 29% of
the population has insufficient physical activity [8].

Active transport policies have been promoted extensively in Latin America, being the
open street programs (where main streets in cities are closed for walking and cycling), one
of the most known active transport policy originated in Latin America [10–12]. Although
bicycling has played an essential role in personal mobility around the world, current trends
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show that motorized traffic is gaining more relevance [13]. Compared to other modes
of transportation, bicycles offer a convenient and affordable transport option that could
capture a higher proportion of urban transport passengers than is currently the case [13].

Previous studies have estimated the health impacts of local bicycling transport scenar-
ios, but most of them have been focused on developed countries [14–16]. To our knowledge,
no study has assessed the health impact of bicycling scenarios in Mexico. This study aims
to estimate the health impacts, risks, and benefits of Mexico bicycling scenarios at the
national level.

2. Methodology

2.1. Study Design and Data Collection

This study follows a quantitative health impact assessment (HIA) approach, assessing
bicycling scenarios in the urban population in Mexico. Transport data were collected from
the “Global High Shift Cycling” study [13]. The “Global High Shift Cycling” study provides
bicycling data at a national level, describing transport patterns such as trips per person
per day, trip length, kilometers traveled by a person, and mode of transport (Table 1).
Methods and descriptions of the “Global High Shift Cycling” study have been reported
elsewhere [13]. National population data were obtained from the United Nations popu-
lation forecast [1]. Mortality rates by age and country were collected from the year 2017,
which was reported by the Global Burden of Disease (GBD) project [17]. Air pollution data
of particulate matter less than 2.5 micrometers of diameter (PM2.5) annual average national
concentration was collected from the World Health Organization (WHO) Global Ambient
Air Quality Database [18]. National annual traffic fatalities by mode of transport were
collected from the Road Safety Annual Reports [19] and the global observatory data from
the World Health Organization from years 2009 to 2018 [20]. National physical activity data
in metabolic equivalent of task (MET) were collected from scientific publications [21,22].
Dose–response functions used in this quantitative Health Impact Assessment (HIA) for
physical activity and air pollution on all-cause mortality were collected from the published
meta-analysis [23,24].

Table 1. Input data used in the analysis.

Basal Level of Physical Activity (METs)
Group 1 Group 2 Group 3

% METs % METs % METs
19.4 8.95 28.8 26.85 51.8 35.8

Urban
population (20
to 64 years old,

in 2010)

Mortality rate
(per 100,000

people,
2017)

Air pollution
(PM2.5 annual
concentration

μg/m3)

Car Speed
(km/h)

Bike Speed
(km/h)

Average trips per person
per day (trips/day)

Average trip length by
mode of transport

(km/trip)

51,718,756 369.36 23.38 30 11.6 3.75 2

Traffic
fatalities by
car per year

Traffic fatalities
per billion kilometers traveled by car

Traffic
fatalities by

bike per
year

Traffic fatalities
per billion kilometers traveled by bike

Mean
Lower

uncertainty
interval

Upper
uncertainty

interval
Mean Lower uncertainty

interval

Upper un-
certainty
interval

4704 19.77 9.15 63.09 301 41.21 22.6 133.29

MET: Metabolic Equivalent of Task; PM2.5: Particulate Matter with a dimeter <2.5 μm.

2.2. Scenarios

Five scenarios were included in this study (Figure 1): (a) current bike levels in Mex-
ico (based on the bike trips reported at the national level for adults in urban population,
1.07%) [13]; (b) double the national bike-share (assuming as transport goal doubling the
current levels of bike trips, 2.13%); (c) arriving at bike levels reported in Brazil (Brazil was
the Latin America country with the largest bike mode share reported, 3%) [13]; (d) achiev-
ing the Danish bike levels (Denmark is reference country for bicycling, 16%) [25]; and
(e) achieving the Dutch bike levels (The Netherlands is the country with the largest bike
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share in the world, 27%) [26]. All the scenarios assumed an 8% car-bike substitution based
on the average reported substitution among 26 cities worldwide [14,27–30]. All scenarios
assumed a conservative average bike trip distance in Mexico of 2 km.

 
Figure 1. Conceptual framework of the study.

2.3. Quantitative Model

A quantitative health impact assessment approach was followed to estimate the num-
ber of annual premature deaths related to each scenario and health determinant (Figure 1).
All-cause mortality was estimated considering three different health determinants (physical
activity, road traffic fatalities, and air pollution (PM2.5)). The “TAPAS (transportation,
air pollution, and physical activities) tool” developed and used in previous quantitative
HIA was used to estimate the health impacts in this study [6,14]. A detailed description
of the TAPAS tool methods has been reported in the supplemental material and else-
where [6,14,31,32]. TAPAS tool is a quantitative HIA run on Microsoft Excel for Office
365, version 2008 (Microsoft, Redmond, USA, 2020). The dose–response functions used in
the TAPAS tool, between physical activity, PM2.5, and all-cause mortality, were selected
from meta-analyses of cohort studies from adult populations. The risk estimated from
traffic fatalities by kilometer traveled was obtained from national transport and health data.
Levels of each determinant were estimated for each country and scenario. An all-cause
mortality relative risk (RR) was estimated for each health determinant and scenario and
transformed into a population attributable fraction (PAF). Using the Mexico mortality rate
for adults (20–64 years old) and the national urban adult population (20–64 years old) in
each scenario, the number of expected premature deaths was estimated for each scenario.
Finally, the PAF from each scenario was multiplied with the corresponding expected num-
ber of premature deaths in the population to obtain the number of attributable premature
deaths. For the economic assessment, the value of statistical life was used to estimate the
economic impacts of preventing deaths in each scenario, using the value of statistical life
reported for Mexico (US $210,880) [33].
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2.3.1. Physical Activity

The physical activity level was estimated based on the trip duration, trip frequency,
and physical activity intensity, using the metabolic equivalent of task (MET) (Table 1).
The physical activity was defined as 6.8 METs for bikes and 2 METs for car travelers.
The relative risk of all-cause mortality was based on the dose–response function (DRF)
provided by a meta-analysis of cohort studies (RR = 0.81 (0.76–0.84) for each increment
of 8.6 METs, with a power transformation of 0.25)) [24], assuming a non-linear DRF. The
physical activity assessment considers the basal levels of physical activity in the Mexican
population [21,22] to estimate the relative risk for each scenario before being translated
into a population attributable fraction and then to the estimated attributable premature
deaths (see Supplemental Material Figures S1 and S2).

2.3.2. Air Pollution

The air pollution assessment focused only on the exposure to particulate matter with
a diameter < 2.5 μm (PM2.5), which has shown a strong association with all-cause mor-
tality [34–36]. We obtained the annual average PM2.5 concentrations in Mexico, using the
World Health Organization database of air quality [18] (Table 1). We estimated the concen-
tration of PM2.5 in each microenvironment (bike and car), using background/car or bike
ratios provided by a previous meta-analysis [37], following a similar approach as reported
in previous studies [14,16,31] (see Supplemental Material Figure S3 and Tables S1–S3). The
inhaled dose was estimated using the minute ventilation according to the intensity of
physical activity (in METs) in each mode of transport (bike and car), PM2.5 concentra-
tion in the mode of transport, and trip duration [14,16,31] (see Supplemental Material
Tables S2 and S3). The DRF for PM2.5 and all-cause mortality from a meta-analysis were
used (RR = 1.06 (1.04, 1.08)) for each increment of 10 μg/m3 of PM2.5) [23]. Finally, using
the comparative risk assessment approach, we estimated the relative risk, population
attributable fraction, and the expected number of premature deaths for each scenario, as
reported before (see Supplemental Material Figure S3).

2.3.3. Road Traffic Fatalities

The road traffic fatalities in Mexico were obtained from the annual traffic fatalities
reported at the national level through transport mode from years 2009 to 2018 (Table 1).
For each scenario, we estimated the number of kilometers traveled by car and bike. The
expected traffic fatalities by mode of transport were estimated using the traffic fatalities
per billion kilometers traveled and the distance traveled in each mode of transport [31,34].
Then a relative risk of traffic fatalities for cyclists compared with car drivers was estimated.
The relative risk was translated to an attributable fraction and a final number of prevented
premature deaths in each scenario (see Supplemental Material Table S1 and Figure S4).

3. Results

The national bike share in Mexico was 1.07% of all trips. We estimated an average of
2,068,750 daily bike trips among adults in urban settings in Mexico (Table 1). The number
of bike trips per day (<2 km) was estimated to substitute car trips in Mexico where 165,500.
In all the scenarios, the health benefits (in preventable deaths) of physical activity related
to bicycling outweighed the health risks associated with traffic fatalities and air pollution
inhalation (Table 2).
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Table 2. Results of current and hypothetical bicycling scenarios in Mexico.

Variable
Current

Situation
Double

Bike Share
Achieving

Brazil Levels
Achieving

Danish Levels
Achieving

Dutch Levels

Bike modal share (%) 1.07 2.13 3 16 27
Total bike trips Mexico

(trips/day) 2,068,750 4,137,501 5,818,515 31,032,081 52,366,637

Expected bike trips coming
from cars in Mexico

(trips/day)
165,500 331,000 465,481 2,482,567 4,189,331

Annual prevented deaths
(deaths/year) 9 17 24 129 217

Low uncertanty interval 6 11 16 84 142
Upper uncertanty interval 25 49 69 370 625

Annual economic benefit on
mortality (US $/year) 1,897,920 3,584,960 5,061,120 27,203,520 45,760,960

3.1. Impacts of Current Bicycling Levels in Mexico

It was estimated that the current levels of bike trips in Mexico (that are expected to
substitute car trips, 165,500 trips per day) resulted in 9 (95% UI: 6–25) premature deaths
avoided each year among the urban adult population. In terms of economic values, it was
estimated that the current bike trips could result in US $1,897,920 annual health economic
benefits related to mortality (Table 2). In terms of risks and benefits, traffic fatalities were
estimated to increase 2 annual deaths and air pollution exposure 1 annual death. Physical
activity resulted in the prevention of 12 annual deaths (Figure 2 and Supplemental Material
Table S4)

 

-300 -250 -200 -150 -100 -50 0 50 100

Current situation

Double bike share

Achieving Brazil levels

Achieving Danish levels

Achieving Dutch levels

Traffic
fatalities

Air
Pollution

Physical
Activity

Risk
(deaths increased)

Benefit
(deaths prevented)

Annual Premature Deaths

Figure 2. Risks and benefits of bicycling scenarios in Mexico, in annual premature deaths by scenario and risk factor.
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3.2. Impacts of Future Bicycling Scenarios in Mexico

If Mexico doubles the current levels of bike trips to 2.13% (assuming similar trips
substitution from cart to bike, that current levels), the annual premature deaths prevented
could arrive at 17 (95% UI: 11–49), with an economical translation of US $3,584,960. If Mex-
ico achieves the bike trip levels reported in Brazil (3%), the annual benefits could arrive at
24 (95% UI: 16–69), with an economic impact of US $5,061,120. If Mexico arrives at bike
trip levels reported in Denmark (16% of bike trips), the health impacts will be translated
into 129 (95% UI: 84–370) annual prevented deaths and US $27,203,520. Finally, suppose
Mexico achieves bike trip levels similar to those reported by The Netherlands. In that case,
the health impacts will be an annual reduction of 217 (95% UI: 142–625) prevented deaths,
with an annual health economic benefit of US $45,760,960.

4. Discussion

This study found that bikes in Mexico have the potential to prevent up to 217 annual
premature deaths if bike trip levels, similar to those reported in the Netherlands, are
achieved with an annual economic benefit of more than 45 million US dollars (Table 1).
In the current situation, bike trip levels in Mexico are expected to prevent 9 premature
deaths each year (Table 1). In the five scenarios assessed, the health benefits (due to
physical activity) outweighed the health risks (air pollution inhalation and traffic incidents)
(Figure 2).

This is the first study assessing the health impacts of national bicycling scenarios in
Mexico. This study included the 51,718,756 adult urban inhabitants in Mexico. This study
includes five different bicycling scenarios comparing the current bike levels in Mexico with
reference counties in Latin America (Brazil) and worldwide (Denmark and the Netherlands,
the global reference countries for bicycling trends). This study provides a conservative
estimation of the bicycle health impacts in Mexico. The analysis only includes a small
portion of bike trips (those assumed to came from cars (8% of all bike trips)), assuming
short trip distances 2 km, including only adult population (20–64 years old) and urban
settings. The overall health impacts of bicycling in Mexico are expected to be larger if all
bicycle trips and populations are counted.

These results are in accordance with previous quantitative health impact assessment
studies on bicycling scenarios using similar exposures (physical activity, air pollution,
and traffic fatalities) [14,31,38–40]. A previous study in seven European cities found that
achieving 10% of bike trips will prevent between 0 to 31 deaths in Antwerp and Vienna [38].
In this study was assumed that 28% of bicycling increments came from cars [38]. Another
study on the health impacts of bike-sharing systems in Barcelona, Spain, was found that
if 90% of the bike-sharing trips came from cars (around 38,000 trips per day), 12 deaths
could be avoided each year [31]. Another study with more ambitious scenarios from
six European cities estimated the health impacts of bicycling scenarios in Paris, Prague,
Warsaw, Basel, and Barcelona [2]. In this study, the aim was to assess “what if” those cities
achieve the bike share from Copenhagen (35%) [2]. In this case, the study estimated among
5 to 113 premature deaths prevented each year between the six European cities [2]. Unlike
previous studies that have been focused on single cities [2,6,14,31], our study focused on
the national urban populations, providing a broader perspective of policy scenarios in Lat
America. Like previous studies, this analysis focused on car trip substitution, considering
that sifting car trips to active transportation will have larger health benefits and important
climate co-benefits [2].

This study found that the current bicycling levels in Mexico will benefit public health
at a national scale, preventing nine premature deaths annually among adult urban pop-
ulations (that are expected to shift from car to bike). Those results were also translated
into economic impacts related to mortality, using the value of statistical life, a standard
metric used by transport planners and engineers to measure traffic safety impacts. We
estimated that Mexico’s current car-bike substitution levels have an economic benefit of up
to 1.8 million US dollars annually. This study also included different hypothetical policy
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scenarios related to bike share. We selected four extra bike scenarios to compare “what
if” Mexico increases their bike levels to double the current bike share (2.13%); or to those
reported by Brazil (3%) that was the Latin American country with the highest bicycling
levels; or to those reported in Denmark (16%) or the Netherlands (27%), the reference
countries for bicycling around the globe. In those scenarios, the health benefits ranged
between 17 to 217 annual premature deaths that could be prevented each year, with an
economic benefit between 3.5 to 45 million US dollars annually (Table 1). These results
highlight the importance of active transportation policies in Mexico and the potential of
transport policies to support public health.

Among the exposures included in this quantitative health impact assessment, physical
activity produced the most considerable health impacts (Figure 2). Physical activity is
well known as a health-protective factor for multiple diseases and causes of death, such as
cardiovascular, metabolic, and mental diseases, among others [16]. Our analyses focused
on all-cause mortality as a health outcome because it has been proposed as the best
indicator of health impacts on active transport assessments compared to morbidity [6,16].
This analysis utilized the “TAPAS tool,” a quantitative health impact assessment tool for
bicycling, walking, and public transport, reported in previous transport health impact
assessments [2,6,14,31]. The “TAPAS tool” for bicycling estimated the health impacts of
physical activity using a non-linear dose–response function (DRF) from a meta-analysis of
cohort studies [24], and it was calibrated with the corresponded physical activity levels
reported by the adult population in Mexico and applied to the exposure levels by each
scenario. The non-linear function considers that those who already were physically active
would gain fewer health benefits than those who are more sedentary. This non-linear
approach results in a conservative result estimating fewer health benefits than using
a linear DRF [2].

In this study, air pollution analysis only considers the exposure to PM2.5 inhalation
during the trip. Although air quality improvements can be expected from changes in modal
share, these health-related impacts were not in the scope of this study, and the study only
focused on the PM2.5 exposure of bicyclists during the trip. PM2.5 was selected because it
was expected to produce the largest health burden compared to other air pollutants such
as NO2 or black carbon [6].

Traffic safety analysis was based on traffic fatalities. This study quantified fatal traffic
incidents per billion kilometers traveled, using the reported national road safety estimates
provided by the World Health Organization (WHO) [20]. This study only considered the
traffic fatality risk by mode of transport (bike vs. car). It did not assess the impacts of other
traffic risk factors such as the type of route or traveler demographics due to the lack of data
available in these aspects.

Our study was limited by data availability and the necessity to make assumptions
to model likely scenarios. In terms of the scenarios modeled, we select national bicycling
goals similar to those that already exist in other nations in Latin America and globally.
However, one limitation is the transferability of the policy scenarios to the Mexican context.
In Denmark and the Netherlands, geographical and social characteristics differ from
the Mexican context (i.e., population density, transport infrastructure, or land use and
cartography). Another limitation was the lack of specific modal shift (car to bike) data
from Mexico. Thus, the data available from 26 cities from China, Europe, and the US
was summarized to estimate the average percentage of bike trips that can shift from car
trips [14,27,29,30]. Our estimates’ uncertainty was also assessed, providing uncertainty
intervals composed of the input data’s variability (maximum and minimum) and the
confidence intervals from the DRF from air pollution and physical activity. Another
limitation in this study was the need to assume an average trip distance in Mexico. In
this study, we selected 2 km as a conservative scenario. But a sensitivity analysis was
conducted to estimate the health impacts in the five scenarios if a similar bike trip length
(5 km) was used as reported in a previous study in Europe [38]. In this sensitivity analysis,
we found that the health benefits of urban bike trips in Mexico could be estimated between
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15 to 384 preventable annual deaths among the five scenarios (see Supplemental Material
Tables S5 and S6).

Furthermore, if national and local authorities improve traffic safety and air quality,
in addition, to increase bike levels, more health benefits could be expected in Mexico. In
all our scenarios, we assume only an 8% of car–bike trip substitution. This is of particular
relevance because if authorities achieve attracting more car drivers and passengers to
bicycles, the health benefits could increase largely in addition to the overall levels of bike
trips. This study only considers a population between 20 and 64 years old. If policymakers
and transport planners achieve the goal of attracting younger and older age groups to
bicycles, the health benefits from bicycling in Mexico could be more extensive. As in many
other countries, the aging process is also affecting the Mexican population [1]. Healthy
aging starts with integrating a healthy lifestyle since the early stages of life, and bicycling
could be used as a tool to promote healthy aging. Some general recommendations for
policymakers and stakeholders to promote bicycling in Mexico are (a) the support of active
transport policies, specifically on interventions to promote bicycling and reduce car driving;
(b) support traffic safety and air quality improvements in urban settings in Mexico; and
(c) improve data collection and quality improvement in terms of physical activity, traffic
safety, air quality, and transport characteristics. For health practitioners, this study can
help to dimension the relevance of transport policies to improve public health. Researchers
should support local and national data collection on transport and health with a vision of
harmonization and comparability. A summary of the policies needed to increase bicycling
in Mexico is listed in Table 3.

Table 3. Policy recommendations to support bicycling in Mexico.

Bicycling

• Rapidly implement bicycling infrastructure on a large scale

• Implement bike share programs in medium and large-size cities, prioritizing connections to public transport

• Prioritize bicycling infrastructure design based on safety, accessibility, connectivity, and aesthetics

• Implement and enforce laws and regulations to prioritize bicycling safety

• Support bicycling through fiscal and economic incentives and information campaigns

• Support open streets in large and medium-sized cities

Motorize transport

• Eliminate policies that subsidize additional motor vehicle use, such as minimum parking requirements, free on-street parking,
and fuel subsidies

• Implement motorize transport policies that consider their negative externalities, such as congestion pricing or vehicle
kilometers traveled fees

• Invest fuel taxes, driving fees, and other transport-system revenues in sustainable transport.

• Reduce speed limits to support traffic safety
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Table 3. Cont.

Urban planning

• Coordinate metropolitan transport and land-use plans, aiming that all new investments result in more bicycling and fewer
trips by motorized vehicles

• Support transit-oriented and mixed-use developments
• Implement car-free streets and neighborhoods

• Support a network of green and blue spaces that help to connect bicycling infrastructure

• Prioritize a universal design aiming for more inclusive and equitable use of public space and transport networks

Environment

• Develop laws and regulations that protect the population from harmful air pollution and traffic noise levels

• Increase awareness of air pollution sources, especially from motorized vehicles in urban settings

• Implement stricter air pollution and noise emission limits from motorized vehicles

• Reduce bicyclist air pollution exposure by prioritizing bike infrastructure away from emission sources, such as
motorized vehicles

Public health

• Consider bicycling as a health promotion and prevention tool

• Support active transport policies to improve traffic safety

• Support active transport policies to improve air quality and reduce noise pollution

• Increase collaboration with urban and transport planners

• Design public health campaigns to support a healthy lifestyle through active transportation

5. Conclusions

The study found that bicycling promotion in Mexico would provide important health
benefits. At the national level, Mexico could consider using sustainable transport poli-
cies as a tool to promote public health. Specifically, the support of active transportation
through bicycling interventions could promote physical activity, reduce mortality and
increase health economic benefits. The attraction of bike users could be supported by bike
investments and interventions (e.g., bike lanes, bike parking, and bike-sharing systems),
combined with interventions to reduce car use (e.g., parking pricing and reduction, and
congestion pricing). To meet ambitious bicycling scenarios in Mexico, strong transport,
urban planning, energy, environmental, and health policies should be adopted at national
and local levels.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-460
1/18/5/2300/s1, Figure S1. Physical activity model; Figure S2. Dose response functions (DRF) for
physical activity and all cause mortality; Figure S3 Air pollution model; Figure S4. Traffic fatality
model; Table S1. Relative risk formulas for each model; Table S2. General formulas; Table S3. Air
pollution variables; Table S4. Results in annual premature deaths in each scenario by risk factor;
Table S5. Sensitivity results in premature deaths prevented each year in each scenario, assuming
a 5km bike trip length; Table S6. Sensitivity results in premature deaths prevented each year in each
scenario, using the HEAT for walking and cycling V.3* (5 km trip distance).
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Abstract: In order to develop tailored interventions aiming to encourage active transport among
older adults, it is important to gain insights into the modifiable moderators affecting active transport
behavior considering the neighborhood in which one lives. Therefore, this study aimed to determine
which objective physical environmental factors have an impact on the active transport behavior of
Belgian older adults (≥65 years old) and which psychosocial and social environmental moderators
influence those relationships. Data from 503 independent living older adults who participated
the Belgian Environmental Physical Activity Study in Seniors were included. Multilevel negative
binominal regression models (participants nested in neighborhoods) with log link function were
fitted for the analyses. Our resulted indicated that older adults living in an environment with higher
residential density, higher park density, lower public transport density, and more entropy index had
higher active transport levels. Furthermore, different types of neighborhood in which older adults
live can lead to different moderators that are decisive for increasing older adults’ active transport
behavior. Therefore, based on our results some recommendations towards tailored interventions
could be given to increase older adults’ active transport behavior depending on the environment in
which one lives.

Keywords: walking; cycling; elderly; neighborhood; interaction effects; socio-ecological model

1. Introduction

Despite the well-known physical, mental and social health benefits of regular physical
activity (PA), 62% of the older adults living in Flanders (Belgium) aged from 65- to 74-
year-olds and 87% of those aged 75 years [1] do not meet the recommended 150 min of
moderate-to-vigorous physical intensity activity (MVPA) per week [1–3]. Walking and
cycling are considered as accessible and inexpensive forms of MVPA [4,5] and are well-liked
by Flemish older adults [6]. It was shown that regular walking and cycling (equivalent
to 150 min of MVPA/week) were related to a decreased risk of all-mortality of 11% and
10% respectively, after adjustment for other PA [7]. As older adults eventually have to
stop driving their car due to physiological restrictions (e.g., hearing, reaction time, muscle
strength, vision), acceptable transportation alternatives to driving must be sought, of which
active transport (AT) might be one [8,9]. AT or walking and cycling to a destination (e.g., to
do groceries, to visit a friend) can be considered as an activity that is easy to integrate into
older adults’ daily routines [10,11], benefit one’s health condition, and it is also beneficial
for the economics and environment in terms of reduction in noise, traffic jams, and CO2-
emissions [5]. However, in Belgium, respectively hardly 17% and 9% of the older adults
(≥65 years) indicated walking or cycling as their main means of transport. Knowing that
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22%, 47% or 63% of the trips older adults make are shorter than respectively 1, 3 and
5 km [12] AT is still not sufficiently embodied yet into their daily life routines.

AT can be influenced by both individual and environmental factors [13]. Individual
factors include influences within the individual, such as demographics, biological, or
psychological factors (i.e., self-efficacy, perceived benefits or barriers) and/or that are close
to the individual, such as the social climate at home or in a neighborhood (i.e., social
environmental factors) [13,14]. Environmental factors include influences that are beyond
the individual, such as the presence of pedestrian/cycling facilities, parking, and traffic
(i.e., physical environmental factors) [13,14]. AT can thus be explained by an interplay
between several types of factors at multiple levels: individual (i.e., socio-demographic and
psychosocial factors), social environmental, and physical environmental factors [13].

In a recent review and meta-analysis, strong evidence was found between the neigh-
borhood physical environment and older adults’ walking for transport [15]. Whilst, limited
evidence was available on the combination of walking and cycling for transport or cy-
cling for transport solely [15]. Moreover, neighborhood environmental factors were more
frequently assessed using self-reports instead of objective measures [15–17]. However,
it is important to gain insights into determinants affecting AT behavior considering the
neighborhood in which one lives. As the objective physical environment is often difficult to
alter in short term, it is important to determine which individual and social environmental
factors can be modified that may increase older adults’ AT behavior. In that way tailored
interventions can be developed depending on the environment in which one lives. Unfor-
tunately, knowledge about modifiable moderators between environment-AT associations is
still lacking [15]. We hypothesized that older adults living in a less encouraging objective
determined neighborhood will engage more in AT if they have a positive psychosocial
view towards PA (i.e., more self-efficacy, perceiving more benefits/less barriers towards
PA) [18], or live in a supportive social physical environment (i.e., a trustworthy and socially
cohesive neighborhood) [19,20]. It is known from previous studies that self-efficacy, per-
ceptions about benefits and barriers towards PA were observed as the major determinants
of PA among older adults [21,22]. Furthermore, research on the social environmental
factors of PA, especially among older adults, is still limited. Hence, more studies about
determinants and moderators concerning environment-AT associations are needed to gain
complete insights.

Therefore, the aim of this study was to determine which objective physical environ-
mental factors have an impact on the AT behavior of older adults (≥65 years old) and
which psychosocial and social environmental moderators influence those relationships.

2. Materials and Methods

2.1. Study Design

The cross-sectional data derived from the Belgian Environmental Physical Activity
Study in Seniors (BEPAS Seniors) [23] were used for the current study. The BEPAS Seniors
was a cross-sectional study which focused on independent living older adults aged 65 and
over, living across twenty different neighborhoods in Ghent and its suburbs (Flanders,
Belgium). This study aimed to examine the relationship between the neighborhood in
which older adults live and their PA levels. The study protocol was approved by the Ghent
University Hospital Ethics Committee. The BEPAS Seniors is detailed described in the
original study conducted by Van Holle and colleagues [23].

2.2. Sampling

In short, data collection was performed between October 2010 and September 2012.
Neighborhoods were stratified on Geographical Information System (GIS) -based data
in Ghent (Flanders, Belgium) to determine neighborhood walkability (high vs. low) and
matched on neighborhood annual household income level (high vs. low) [23]. Four types of
neighborhood strata resulted: high walkability-high income, high walkability-low income,
low walkability-high income, and low walkability-low income. In total twenty different
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neighborhood samples in Ghent and its suburbs were selected; five neighborhoods were
allocated under each type of neighborhood.

Subsequently, older adults were randomly recruited in each type of neighborhood
stratified based on gender and age (<75 versus ≥75 years old). Selected older adults were
approached by sending an information letter by postal mail in which the aim of the study
was indicated including the announcement of the home visit by a trained interviewer
during the next two weeks. During the home visits, and after signing the informed consent,
a face-to-face interview collected information about socio-demographic, self-reported phys-
ical functioning, residential self-selection, PA levels in the last week, psychosocial factors,
and perceived social environmental factors. The following inclusion criteria were applied:
aged ≥65 years old, able to understand and speak Dutch/Flemish, able to walk a few
hundred meters without heavy difficulties in physical functioning and lived independently.

2.3. Measures
2.3.1. Socio-Demographic Factors and Residential Self-Selection

During the face-to-face interview, the following participants’ information was re-
trieved: age, gender, origin (yes: Belgium as country of birth vs. no), education (tertiary
vs. no tertiary level), occupation (household, blue-, or white collar), living situation (with
vs. without partner) and owning motorized vehicles (at least one vehicle vs. no). Partici-
pants’ self-reported physical functioning was derived from the Short Form 36 item Survey
(SF-36) [24]. Participants had to denote on a 3-point scale (severely limited; somewhat
limited; not limited) to what extent they were physically limited while performing ten
general activities, such as lifting or carrying groceries, climbing stairs, and walking short
distances. Subsequently, activities in which participants reported to be severely or some-
what limited were summed. Participants’ physical functioning, ranging from zero to ten,
was obtained by reversing this latter variable. Residential self-selection was assessed based
on an eight-item scale derived from a study [25]. Respondents were asked to rate how
important eight possible reasons (e.g., proximity of open spaces, sense of community) were
for selecting their neighborhood. Internal consistency of the scale in the current sample
was good (Cronbach’s alpha = 0.83).

2.3.2. Self-Reported Active Transport Behavior

The dependent variable, AT, was measured using the long version of the International
Physical Activity Questionnaire (IPAQ) [26,27]. The frequency (i.e., number of days) and
duration (i.e., average time/day) of walking and cycling for transport in the last seven days
was assessed. The IPAQ was proven reliable and valid specific among older adults [27],
whereby its test-retest reliability was overall moderate to good [28].

2.3.3. Psychosocial Factors towards PA

In total six psychosocial factors towards PA were included in the current study. A
more detailed description of the content of the items and scoring of the factors can be found
in the original study of Van Holle and colleagues [29]. In short, self-efficacy, consisted of
five items, referred to one’s confidence to be physically active in difficult circumstances.
Perceived benefits, likewise, consisted of five items, reflected on benefits, such as health
benefits and meeting new people. Perceived barriers, consisted of seven items, reflected
on barriers, such as feeling for ‘not being good enough’ and bad weather conditions.
Furthermore, social support indicated the partner’s/friends’ supportive attitude towards
PA. Social norm indicated what the partner/friends think(s) about one should perform
PA. Lastly, modeling referred to what extent the partner/friend(s) is/are being physically
active. Therefore, these last three factors consisted of each two items. The items were
based on existing validated questionnaires used among Belgian adults [30,31]. Those
psychosocial factors were assessed on a 3-, 5- or 7-point scale, see Table 1 for a detailed
overview. Each factor variable was calculated by averaging the scores on the items and
considered as continuous variable.
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Table 1. Descriptive statistics of the participants (n = 503).

Characteristics Values

Age in years (M ± SD) 74.4 ± 6.2
Women (%) 53.4

Living with a partner (%) 65.3
Tertiary education (%) 38.0

Physical functioning (M ± SD) 7.05 ± 2.37
No motorized vehicles in the household (%) 20.8

Active transport (min/week) (M ± SD) 121.8 ± 163.6
No active transport (%) 31.4

Psychosocial factors towards physical activity (M ± SD)

Self-efficacy a 2.1 ± 0.5
Perceived benefits b 3.4 ± 0.8
Perceived barriers b 1.9 ± 0.7

Social norm b 2.9 ± 1.4
Social support b 2.8 ± 1.5

Modeling c 2.8 ± 1.9
Social neighborhood environmental factors (M ± SD)

Talking to neighbors c 5.5 ± 1.4
Social interactions with neighbors c 2.2 ± 1.1

Neighborhood social trust and cohesion d 3.7 ± 0.8
Neighborhood social diversity b 4.2 ± 0.7

Objective neighborhood environmental factors, buffer 500 m (M ± SD)

Residential density e 4871.1 ± 3261.1
Park density f 10.9 ± 8.6

Public transport density g 33.3 ± 19.7
Intersection density h 162.7 ± 70.0

Entropy i 0.5 ± 0.2

M = mean; SD = standard deviation; a = assessed on a 3-point scale; b = assessed on a 5-point scale; c = assessed
on a 7-point scale; d = assessed on a 4-point scale; e = number of dwellings per surface buffer 500 m; f = number
of public parks of all sizes per surface buffer 500 m; g = number of public transportation stops of any kind per
surface buffer 500 m; h = number of intersections per surface buffer 500 m; i = range from 0 (= perfect homogenous
land use) to 1 (= perfect heterogeneous land use).

2.3.4. The Perceived Social Neighborhood Environment

In total four perceived social environmental factors were included in the current study:
talking to neighbors, social interactions with neighbors, neighborhood social trust and
cohesion, and neighborhood social diversity. ‘Talking to neighbors’ referred to informal
social interactions with neighbors and consisted of two items, while ‘social interaction with
neighbors’ referred to formal social interactions and consisted of three items. These two
factors measured the extent of social interactions between older adults and their neigh-
bors [32,33]. ‘Neighborhood social trust and cohesion’ was derived from a questionnaire
by Sampson [34] and consisted of four items assessed participants’ agreement about their
local neighborhood (e.g., ‘people in this neighborhood can be trusted’). ‘Neighborhood
social diversity’ gives an indication of the social composition of the neighborhood (e.g.,
proportion of immigrants, youngsters, older people in the neighborhood), consisted of
three items and was assessed analogous to previous research in older adults [35]. Each
factor variable was calculated by averaging the scores on the items and considered as
continuous variable. See Table 1 for a detailed overview concerning the scoring of the
factors. A more detailed description of the content of the items can be found once again in
the original study of Van Holle and colleagues [36].

2.3.5. The Objective Physical Neighborhood Environment

The BEPAS Seniors included objective GIS-data for all participants using a sausage
buffer of 500 m around their home address [23]. The near and direct neighborhood
environment may be important for older adults, as they are more likely to walk/cycle
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in streets they are familiar with and they are overall less commutable to other locations
compared to other age groups [15,21,37,38]. The density of the following five physical
environmental factors were objectively calculated in a 500 m buffer zone surrounding
each participant’s home address: residential density, park density, public transport density,
intersection density and entropy. First, residential density was described as the ratio
between the number of single- and multifamily domiciles and the area of all parcels within
or partial within the buffer zone. Second, park density was defined as the ratio between
the number of parks that are full or partial in the buffer zone and the total land area in
the buffer zone. Third, public transport density was described as the ratio between the
number of transport stops (i.e., bus, tram, train) and the total buffer zone. Additionally,
intersection density was the ratio between the number of three- or more-way crossings and
the total buffer zone. Lastly, entropy referred to the index of land use mix diversity within
the buffer zone [39]. The entropy index was calculated by using Dobesova’s and Krivka’s
formula [39]:

H(S) =
−∑k

i=1[(ρi)·(ln ρi)]

ln k
where H(S) indicates the entropy index (also called Shannon index), ρi is the area of a
category of land use over the total area of all categories (within one neighborhood), and k is
the number of land use categories in the particular neighborhood. Five land use categories
were included in the formula: residential, commercial, civic, entertainment, food and
private/public recreational.

2.4. Data Analyses

Descriptive statistics of the total study sample were obtained using SPSS 26.0 software
(IBM Corp, Armonk, New York, United States). Generalized estimating equations (GEE) in
the SPSS software was used to examine the main associations between objective physical
environmental factors and AT, and to determine the moderating effects of psychosocial
and social environmental factors. Multilevel negative binominal regression models (partici-
pants nested in neighborhoods) with log link function were fitted for the analyses as the
dependent variable, AT (combined minutes walking and cycling for transport per week),
was positively skewed and contained a considerable number of null values (31.4%).

First, single predictor models (i.e., two-level negative binominal regression models)
for each potential covariate (i.e., age, gender, living status, education, vehicles, physical
functioning and residential self-selection) were fitted. Only the significant covariates
(i.e., living status and physical functioning), see Table A1 in Appendix A, were added
as covariates in the further analyses, given the complexity of the models. Second, single
predictor models for each objective environmental factor, for each psychosocial and social
environmental factor were separately fitted and added in Appendix A (see Table A1) for
completeness. Third, 50 single interactions models were separately estimated between the
objective physical environmental factors and each potential moderator (i.e., psychosocial
and social environmental factors), and can be found in Appendix A Table A2. Fourth, all
single interaction effects from the third step surpassing the statistical threshold of p < 0.10
were simultaneously added in the final model. The final model is presented in Table 2.
Only the significant interaction effects observed in the final model are further described in
the text and visualized with graphs. To facilitate model convergence and interpretation, all
objective environmental factors were standardized. Level of significance was defined at
α = 0.10 (trend) and α = 0.05.
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Table 2. Final model.

Factors ExpB (95% CI)

Living status (ref: living with a partner) 0.97 (0.70–1.33)
Physical functioning 1.18 (1.14–1.23)
Residential density 2.63 (1.09–6.35) *

Park density 1.35 (1.02–1.77) *
Public transport density 0.31 (0.15–0.64) **

Intersection density 0.99 (0.72–1.36)
Entropy 3.89 (0.80–18.86) ˆ

Self-efficacy 1.40 (1.06–1.84) *
Perceived benefits 0.93 (0.84–1.04)
Perceived barriers 0.92 (0.76–1.11)

Social support 1.09 (1.00–1.19) *
Modeling 0.96 (0.90–1.03)

Neighborhood social trust and cohesion 1.15 (0.96–1.36)
Talking to neighbors 1.20 (1.04–1.38) *

Social interaction to neighbors 0.90 (0.81–1.00) *
Residential density * self-efficacy 0.78 (0.60–1.02) ˆ

Residential density * social support 1.02 (0.90–1.16)
Residential density * modeling 0.97 (0.91–1.03)

Residential density * social trust and cohesion 1.02 (0.81–1.02)
Park density * perceived barriers 0.90 (0.81–1.02) ˆ

Public transport density * perceived benefits 1.22 (1.07–1.38) **
Public transport density * talking to neighbors 1.08 (0.99–1.18) ˆ

Intersection density * social support 0.96 (0.87–1.06)
Entropy * perceived benefits 0.83 (0.71–0.96) *
Entropy * perceived barriers 1.25 (1.00–1.56) *

Entropy * neighborhood social trust and cohesion 0.80 (0.56–1.10)
Entropy * social interactions to neighbors 0.95 (0.87–1.03)

ˆ p < 0.10; * p < 0.05; ** p < 0.01; ref = reference category.

3. Results

3.1. Descriptive Statistics

In total, 503 older adults ranged in age from 65 to 97 years old participated the
BEPAS Seniors study. The socio-demographics, the self-reported AT behavior and the
psychosocial, social environmental, and objective physical environmental factors of the
total study sample are presented in Table 1. Just over half of the sample (53.4%) were
women, 38.0% of the participants performed tertiary education, and 65.3% lived with a
partner. On average, the sample performed 121.8 ± 163.6 min per week AT, and 31.4% of
the total study sample did not engage in AT.

3.2. Final Model

Main Effects Objective Environmental Factors
The final model is presented in Table 2. Older adults living in an environment with

higher residential density, higher park density, lower public transport density, and more
entropy (trend) had significantly higher AT levels. Living in a neighborhood that is one
standard deviation higher in residential density was associated with 263% more minutes
AT per week. Older adults living in a neighborhood that is one standard deviation higher
in park density were associated with 35% more AT per week. Older adults living in a
neighborhood that is one standard deviation lower in public transport stops were associated
with 69% more AT. Living in an environment with one standard deviation higher in entropy
was marginally associated with 389% more AT.

3.3. Interactions with Psychosocial, and Social Environmental Factors

The association between objective residential density and AT was marginally signifi-
cantly moderated by self-efficacy (p = 0.067). Older adults living in low residential density
neighborhoods with high self-efficacy towards PA performed more AT in comparison to

390



IJERPH 2021, 18, 2647

older adults perceiving low self-efficacy towards PA. In high residential neighborhoods,
older adults with low self-efficacy performed more AT in comparison to older adults
perceiving high self-efficacy (see Figure 1).

Figure 1. Interaction effect of residential density and self-efficacy on active transport.

The association between objective park density and AT was marginally significantly
moderated by perceived barriers towards PA (p = 0.088). The positive effect of park density
on AT was greater for older adults who perceived low barriers towards PA in comparison
to older adults perceiving high barriers towards PA (see Figure 2).

Figure 2. Interaction effect of park density and barriers towards PA on active transport.

The association between objective public transport density and AT was significantly
moderated by perceived benefits towards PA (p = 0.002). Older adults living in low trans-
port dense environments with low benefits towards PA performed more AT in comparison
to older adults with high benefits towards PA. While, in high dense environments, older
adults with high benefits towards PA performed more AT in comparison to older adults
with low benefits towards PA (see Figure 3).
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Figure 3. Interaction effect of public transport density and benefits towards PA on active transport.

The association between objective public transport density and AT was marginally
significantly moderated by talking to neighbors (p = 0.080). The negative effect of transport
dense environments on AT is greater for people who talked less with their neighbors in
comparison to older adults who talked more with their neighbors (see Figure 4).

Figure 4. Interaction effect of public transport density and talking to neighbors on active transport.

The association between objective entropy and AT was significantly moderated by
barriers towards PA (p = 0.046). Only for older adults with high barriers there was a
difference depending on the entropy index of the neighborhood on AT. Older adults living
in low entropy index neighborhoods with high barriers towards PA performed less AT
in comparison to older adults with low barriers towards PA. While older adults living in
high entropy index neighborhoods with high barriers towards PA performed more AT in
comparison to older adults with low barriers towards PA (see Figure 5).
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Figure 5. Interaction effect of entropy and barriers towards PA on active transport.

The association between objective entropy and AT was significantly moderated by
benefits towards PA (p = 0.015). Only for older adults with low benefits towards PA
there was a difference depending on the entropy index of the neighborhood on AT. Older
adults living in low entropy index neighborhood with low benefits towards PA performed
less AT in comparison to older adults with high benefits towards PA. While older adults
living in high entropy index neighborhood with low benefits towards PA did more AT in
comparison to older adults with high benefits towards PA (see Figure 6).

Figure 6. Interaction effect of entropy and benefits towards PA on active transport.

4. Discussion

The aim of this study was to determine which objective physical environmental factors
have an impact on the AT behavior of older adults (≥65 years old) and which psychosocial
and social environmental moderators have an impact on those relationships. Our results
indicated that older adults living in an environment with higher residential density, higher
park density, lower public transport density, and more entropy had higher AT levels. Simi-
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lar results among older adults were found in a recent meta-analysis but for the perceived
measure of residential density, park availability and land use mix diversity [15].

Residential density and land use mix diversity are two components of walkability,
which reflects the ease of walking to destinations in a neighborhood [40]. Among Belgian
older adults, high neighborhood walkability was found to be related to higher levels of
transportation walking experiences [23]. However, for the third component of walkability,
intersection density or street connectivity, we did not find a significant association with
AT, while in the literature objective [15] or perceived [22] street connectivity was often
correlated to more AT. Van Cauwenberg [22] indicated that a higher street connectivity
could make AT more attractive as older adults are supported to choose more alternative
routes (e.g., avoid busy streets or steep slopes) [22]. A possible explanation why we did
not find this association in our study might be the small buffer size (i.e., 500 m). Even
though using a small buffer size for older adults is recommended [15,37,38], it might
be interesting to look at different or larger buffer sizes. Furthermore, contrary to our
expectations and previous results, a contradictory result was found for public transport
accessibility. Our results indicated that low public transport dense neighborhoods were
associated with more AT, while a positive association was found previously [15]. A possible
explanation for this finding might be that older adults have to walk further distances to
access destinations because they do not have access to public transport. This might be
a sign that those neighborhoods need more investment in public transport accessibility.
Given the conflicting results with the literature, these findings need further exploration.

In order to better respond to such relationships with the purpose of interventions, it is
good to have insight into the possible moderators between environment-AT associations.
We hypothesized that older adults living in a less encouraging objective determined
neighborhood will do more AT if they have a positive psychosocial view towards PA [18],
or live in a supportive social physical environment [19,20]. A first interesting result is that
the negative effect found on AT according to high public transport dense neighborhoods
could be reduced if older adults perceiving high benefits towards PA or when they often
talk to their neighbors. According to the Health Belief Model [41], older adults’ AT behavior
change is influenced by both perceived benefits and barriers of change. Therefore, for older
adults living in high public transport dense neighborhoods the benefits towards PA should
be more emphasized. Additional, if older adults talk more to their neighbors, they get
more familiar with their neighborhood and nearby surroundings, which might increase
their willingness to do more AT. A recent longitudinal study of Josey and Moore [42]
among adults indicated that a more favorable personal social network may be essential for
bringing change into physical inactivity behavior. Research on the social environmental
factors of PA among older adults is still limited, therefore, further exploration on these
findings are certainly needed.

Second, as stated in our results, park density increases AT, and also from previous
research we know that good accessibility of parks (e.g., low traffic on route, slope of terrain
<5%) increases the likelihood that older adults will visit a park [43,44]. Furthermore, our
results indicated that the positive effect of park density on AT among older adults could
be strengthened if they perceived low barriers towards PA (e.g., lack of time, bad weather
conditions, fear of falling) in comparison to older adults perceiving high barriers towards
PA. From a recent longitudinal study among older adults, we learn that by decreasing the
perceived barriers towards PA the engagement in cycling for transport over time can be
increased [17]. Moreover, previous cross-sectional research showed that perceived barriers
and benefits were the most important correlates in relation to overall MVPA [29,45]. In
other words, when older adults perceiving high barriers and these are not reduced, it might
discourage them even more their intention to be physically active, despite living in higher
park dense neighborhoods.

Third, we found that older adults living in low residential dense neighborhoods
perceiving a higher self-efficacy will do more AT than older adults perceiving less self-
efficacy. Previous studies confirmed the association between higher self-efficacy towards
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PA (e.g., confidence to be physically active when the weather is bad, or when you have little
time) and higher levels of PA [46], or specifically higher levels of walking for transport [17].
Hereby, self-efficacy, the expectation older adults have about their own ability to do more
AT [47], may be important to increase PA levels among older adults. More specifically,
according to our results, we can conclude that improving the self-efficacy towards PA may
be more essential among older adults living in low residential dense neighborhoods.

Fourth, an unexpected result was found according to the moderating effect of per-
ceived barriers and benefits towards PA for the association between entropy and AT. The
entropy index represents how homogenous or heterogeneous the usage of a particular area
is [39]; the higher is the diversity of the land use, the higher is the entropy index. Previ-
ous longitudinal [17], cross-sectional qualitative [21,48] and quantitative [49–51] research
reported similar findings among older adults concerning the positive main association
between entropy or land use mix diversity and walking for transport. We found that older
adults living in an environment with more entropy will marginally have higher levels of
AT which corresponds to the literature. However, for older adults perceiving low barriers
towards PA or perceiving high benefits towards PA, no difference will be found according
to the entropy index of the neighborhood in which older adults live. Nevertheless, for older
adults perceiving high barriers towards PA or perceiving low benefits towards PA, there
will be a difference in AT depending on the entropy index of the neighborhood in which
one lives. Older adults living in low entropy index neighborhood with high barriers or low
benefits towards PA will do less AT in comparison to older adults perceiving low barriers
or high benefits towards PA. While older adults living in high entropy index neighborhood
with high barriers or low benefits towards PA do more AT in comparison to older adults
with low barriers or high benefits towards PA. In other words, older adults who consider
AT as more beneficial to them and have lower barriers towards PA will do it regardless of
where they live, while older adults who think AT is less beneficial and have more barriers,
would not do it in an environment that is not conducive to it. Consequently, a more entropy
dense neighborhood enables walking and makes it easy, even for older adults who would
not normally walk or cycle. Therefore, older adults living in neighborhoods where the
diversity of land use mix is low, it is important to encourage benefits towards PA and
decrease the barriers towards PA.

In summary, interventions aiming to promote AT are necessary, since a small number
of older adults perform AT. It is important to be aware that different types of neighborhood
in which older adults live can lead to different moderators that are decisive for increasing
older adults’ AT behavior. Based on our results, the following suggestions could be made
for future intervention. Interventions focusing on increasing the benefits towards PA as
well as talking to neighbors might help to increase AT behavior of older adults living in
high public transport dense neighborhoods which is negative correlated to older adults’
AT. For older adults living in high park dense neighborhoods, decreasing barriers towards
PA could increase older adults’ AT. Furthermore, interventions focusing on providing
self-efficacy training to older adults to boost their confidence and ability to do more
physical activities might rise older adults’ AT living in low residential dense neighborhoods.
Lastly, declining barriers and increasing benefits towards PA will enhance older adults’
AT behavior if they live in an environment with a low entropy index. Although, this
study gives a first indication of possible changeable psychosocial and social environmental
moderators in the relation between the objective physical environment and older adults’
AT, longitudinal studies are crucial to gain better insights into which moderators could
predict the relationship over time.

The current study has several strengths and limitations. A first strength is the in-
vestigated moderating effects of psychosocial and social environmental factors which
are modifiable factors that can be embedded in interventions aiming to encourage AT
taking into account the environment in which one lives. This has hardly been studied
before among older adults. Another strength is that the physical environmental factors
were objectively assessed, while previous research often used subjectively assessed data
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which might be more sensitive for biases. Furthermore, older adults’ characteristics and
factors were largely assessed through a face-to-face interview by trained health profes-
sionals. Responses can be more accurately obtained during a guided survey instead of
a self-administered survey, especially among older adults as they may experiences more
cognitive difficulties when filling in a questionnaire by themselves [52]. A validity study
showed that less over-reporting bias occurred when an interview-administered version
was used for IPAQ instead of a self-administered version [53]. Lastly, the large sample size
enabled to investigate both main and moderating effects.

Limitations of the current study mainly include its cross-sectional design, so no
causal inferences of the findings could be made [54]. It is recommended to perform
longitudinal and/or experimental studies, which enables to investigate changes in AT
behavior over time and to identify causality. Furthermore, psychosocial factors were
questioned in relation to PA in general and not AT in specific, which might have led to
inaccurate findings [55]. Nevertheless, these psychosocial factors were based on existing
validated questionnaires used among Belgian adults [30,31]. Another limitation was
the self-report of older adults’ AT behavior. GPS devices gives us the opportunity to
objectively assess the transport behavior, however there are also concerns such as losing
GPS contact or misclassify the travel mode [56,57]. Therefore, it is recommended to combine
these GPS devices with activity diaries or accelerometer in order to fulfill the missing
information [58,59]. Furthermore, we are aware that we have not included all possible
variables that have an impact on active transport, such as vehicle traffic or pleasantness
of routes for walking and cycling. Therefore, we have to be careful when drawing policy
conclusions. Lastly, as this research is conducted in Belgium, the generalization of these
results to Western Europe may be possible due to the similar cycling culture should be
approached with caution.

5. Conclusions

Interventions aiming to promote AT are necessary, since a small number of older
adults perform AT. It is important to be aware that different types of neighborhood in
which older adults live can lead to different moderators that are decisive for increasing
older adults’ AT behavior. Our results indicated that older adults living in an environment
with higher residential density, higher park density, lower public transport density, and
more entropy had higher levels of AT. Furthermore, we can give a few recommendations
towards interventions based on the results found for the modifiable moderators which will
give the opportunity to develop tailored interventions depending on the environment in
which the older adult lives. First, increasing the benefits towards PA as well as talking
to neighbors might help to increase AT behavior of older adults living in a high public
transport dense neighborhood which is negative correlated to older adults’ AT. Second,
decreasing barriers towards PA, could increase AT for older adults living in high park
dense neighborhoods. Third, interventions focusing on providing self-efficacy training
to older adults to boost their confidence and ability to do more physical activities might
rise older adults’ AT living in low residential dense neighborhoods. Lastly, interventions
focusing on declining barriers and increasing benefits towards PA will enhance older adults’
AT behavior if they live in an environment with a low entropy index.
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Appendix A

Table A1. Single-predictor models related to active transport.

Demographics ExpB (95% CI)

Age 1.00 (0.83–1.21)
Gender (ref: women) 1.00 (0.97–1.01)

Living status (ref: living with a partner) 0.74 (0.62–0.89) **
Education (ref: tertiary) 0.82 (0.64–1.05)

Vehicles (ref: motorized vehicle) 1.04 (0.82–1.33)
Physical functioning 1.20 (1.14–1.26) ***

Residential self-selection 1.12 (0.91–1.39)

Objective environmental factors, buffer 500 m a

Residential density 500 m 1.56 (1.39–1.74) ***
Park density 500 m 1.09 (0.97–1.24)

Public transport density 500 m 1.16 (1.04–1.30)
Intersection density 500 m 1.29 (1.13–1.47) ***

Entropy 500 m 1.31 (1.12–1.55) **

Psychosocial factors towards physical activity a

Self-efficacy 1.28 (0.93–1.77)
Perceived benefits 1.12 (0.99–1.27) ˆ
Perceived barriers 0.88 (0.74–1.04)

Social support 1.04 (0.96–1.12)
Social norm 0.96 (0.89–1.04)
Modelling 0.96 (0.89–1.04)

Social environmental factors a

Talking to neighbors 1.19 (1.08–1.32) **
Social interaction to neighbors 0.97 (0.90–1.05)

Social trust and cohesion 1.05 (0.88–1.26)
Social diversity 1.00 (0.77–1.31)

ˆ p < 0.10; * p < 0.05; ** p < 0.01; *** p < 0.001; ref = reference category; a = adjusted for living status and physical
functioning, participants nested in neighbourhoods.

Table A2. Single interactions models related to active transport.

Residential Density ExpB (95% CI)

Residential density * self-efficacy 0.68 (0.52–0.87) **
Residential density * perceived benefits 0.98 (0.88–1.08)
Residential density * perceived barriers 1.12 (0.92–1.37)

Residential density * social support 0.92 (0.88–0.97) **
Residential density * social norm 1.04 (0.96–1.14)
Residential density * modeling 0.93 (0.89–0.97) *

Residential density * social diversity 0.89 (0.63–1.24)
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Table A2. Cont.

Residential Density ExpB (95% CI)

Residential density * social trust and cohesion 0.87 (0.77–0.99) *
Residential density * talking to neighbors 1.04 (0.97–1.11)

Residential density * social interaction to neighbors 0.97 (0.90–1.05)

Park Density

Park density * self-efficacy 1.09 (0.84–1.41)
Park density * perceived benefits 1.05 (0.96–1.15)
Park density * perceived barriers 0.83 (0.73–0.94) **

Park density * social support 0.97 (0.89–1.07)
Park density * social norm 0.99 (0.94–1.04)
Park density * modeling 0.97 (0.92–1.02)

Park density * social diversity 0.97 (0.75–1.26)
Park density * social trust and cohesion 1.05 (0.91–1.22)

Park density * talking to neighbors 0.94 (0.85–1.04)
Park density * social interaction to neighbors 1.04 (0.94–1.15)

Public Transport Density

Public transport density * self-efficacy 1.03 (0.80–1.31)
Public transport density * perceived benefits 1.13 (1.02–1.24) *
Public transport density * perceived barriers 0.98 (0.82–1.16)

Public transport density * social support 1.03 (0.99–1.08)
Public transport density * social norm 1.04 (0.98–1.10)
Public transport density * modeling 1.04 (0.98–1.10)

Public transport density * social diversity 0.94 (0.78–1.12)
Public transport density * social trust and cohesion 1.10 (0.94–1.28)

Public transport density * talking to neighbors 1.07 (0.99–1.16) ˆ
Public transport density * social interaction to neighbors 1.02 (0.94–1.11)

Intersection Density

Intersection density * self-efficacy 0.92 (0.69–1.21)
Intersection density * perceived benefits 1.00 (0.91–1.10)
Intersection density * perceived barriers 1.04 (0.87–1.24)

Intersection density * social support 0.94 (0.89–0.99) *
Intersection density * social norm 1.05 (0.96–1.14)
Intersection density * modeling 0.97 (0.93–1.02)

Intersection density * social diversity 0.91 (0.66–1.26)
Intersection density * social trust and cohesion 0.93 (0.78–1.11)

Intersection density * talking to neighbors 1.00 (0.91–1.10)
Intersection density * social interaction to neighbors 0.99 (0.91–1.09)

Entropy

Entropy * self-efficacy 0.86 (0.61–1.22)
Entropy * perceived benefits 0.87 (0.76–1.00) *
Entropy * perceived barriers 1.25 (1.00–1.54) *

Entropy * social support 0.97 (0.87–1.08)
Entropy * social norm 1.05 (0.92–1.19)
Entropy * modeling 1.01 (0.92–1.10)

Entropy * social diversity 1.04 (0.73–1.47)
Entropy * social trust and cohesion 0.81 (0.69–0.95) *

Entropy * talking to neighbors 0.95 (0.74–1.07)
Entropy * social interaction to neighbors 0.93 (0.88–1.00) *

ˆ p < 0.10; * p < 0.05; ** p < 0.01; ref = reference category; all single interactions models were adjusted for living
status and physical functioning.
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