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Abstract: Active commuting to school has health implications for young people. Previous research
has shown the need to consistently define the concept of “active commuter”, given that assessment as
well as comparison between studies may be hindered by current discrepancies in frequency criteria.
Using a sample of 158 Spanish students (12th-13th grade, 60.8% girls), the current study aimed to
compare several cut-off criteria to rigorously identify the frequency of weekly active trips to school in
order to categorize adolescents as active or passive commuters, and to analyze whether the threshold
living distance to school is associated with the different trip cut-off criteria. Percentages of active
commuters ranged from 75% to 88.6%, varying significantly depending on the cut-off criteria (5-10
active trips/week) used. The results also support the need to be stricter in the selection of a cut-off
criterion when the distance to the school becomes shorter. Our findings highlight the importance of
following a standard criterion to classify individuals as active or passive commuters, considering the
characteristics of the context in which each study is conducted.
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1. Introduction

Physical inactivity is the fourth leading risk factor of mortality worldwide [1]. The benefits of
physical activity (PA) in adolescents are significant and widely accepted [2,3]. However, a vast body
of international [4] and Spanish studies [5] showed that most adolescents do not meet international
PA recommendations (i.e., 60 min of daily moderate-to-vigorous PA). Therefore, promoting PA in
adolescents seems of paramount importance, not only to enhance current health benefits, but also to
transfer them into adulthood [6,7].

Active commuting can be a promising strategy to promote PA among adolescents [8], providing
an alternative to more traditional PA domains such as sport and exercise [9]. A large body of research
has indicated that active commuting plays an important role in increasing the overall PA level in
children and youth [10]. Promoting PA through walking and cycling is a priority of the World Health
Organization, as reflected in the Global Action Plan on Physical Activity 2018-2030 [11].

Active commuting (i.e., walking or cycling) is an accessible and inexpensive kind of PA which
can be easily integrated into adolescents” daily routines. Although independent mobility increases
in adolescence [12], the prevalence of active commuting to school (ACS) has markedly decreased in
recent decades in many developed countries [13-15], and in the last decade in Spain [16]. However,
comparisons are often complicated due to measurement differences. The literature has also shown
some inconsistencies in the categorization of active and passive commuters. The heterogeneity of
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research questions and methods makes it difficult to compare the results and percentages of ACS
between studies.

The most commonly asked question refers to a period called ‘usually’, more specifically, "How do
you usually go to school?’ [17-19]. Most studies have reported the mode of travel (i.e., by car, on foot,
by bicycle) in both trip directions (routes to and from school), without reporting the frequency. This
dichotomous variable frequently occurs in the scientific literature, although no absolute consensus has
yet been reached on dichotomizing active versus passive [20]. The number of active or passive journeys
per week (i.e., 0 to 10 trips) seems important, not only to categorize adolescents in terms of active or
passive commuting, but also to know how active or passive they are [21]. However, the continuous
variable may be categorized as a dichotomous variable, although there is still no agreement on the
cut-off criteria for dichotomizing active versus passive commuters.

Taking into account the number of active trips to define and differentiate active from passive
commuters, there is a wide range of cut-off criteria across literature [17]. For example, while Bere and
Bjorkelund [22] classified adolescents as active commuters when they actively commuted more than
50% of the times, Carver, Timperio and Crawford [23] considered adolescents who reported more
than seven out of 10 trips (i.e., 70%) as active commuters. Ruiz-Ariza and colleagues [24] recently
classified adolescents as inactive when they made less than five out of 10 active journeys per week, or
at least five weekly active trips lasting for more than 15 min. However, other studies have suggested a
four-out-of-five (i.e., 80%) active trip criterion to categorize adolescents as active commuters [25,26]. A
recent study [27] has identified individuals who used active transport means (i.e., walking, cycling,
scooters, or skateboards) on three or more school days per week (i.e., 60%) as active commuters. These
findings are similar to those reported by Ross and colleague [28] and Veitch and colleague [29]. Finally,
considering the potentially different number of trips to school that a student may make (e.g., different
schedules), Mah and colleagues [30] classified students who actively commuted more than 90% of the
time as active commuters.

This variability in criteria makes it complicated to make comparisons between studies. For instance,
the 0% of passive commuters found by Bere and Bjerkelund [22] using a 50% active trip cut-off criterion
cannot be fully compared to the 29.7% of passive commuters found by Te-Velde and colleagues [26]
using an 80% active trip cut-off criterion. Therefore, it seems important to shed more light on the
most accurate cut-off to correctly evaluate the prevalence of active and passive commuting modes
among adolescents [19,31]. This may help not only to identify changes in the proportion of ACS,
but also to clarify some current issues, such as the effectiveness of interventions focused on active
commuting, considering potentially relevant factors (e.g., the distance from home to school) [20].
In this vein, previous studies have identified a threshold distance below which adolescents are more
likely to commute actively to school. The threshold distance to ACS depends on sociodemographic
and contextual variables [32].

To the best of our knowledge, no studies to date have focused on identifying active trip cut-off
criteria to categorize individuals as active or passive commuters based on an exact number of weekly
active trips. To bridge this gap, the first objective of this study was to explore whether the percentage
of active commuters identified in a sample of adolescents would be significantly different depending
on the cut-off criteria used. The second objective was to analyze whether the threshold distance may
be a relevant variable to be considered when selecting cut-off criteria to categorize the sample into
active and passive commuters.

It should be pointed out that this study was based on the most common international range of
active trips per week for high school students, from zero to ten possible active trips (i.e., five weekdays
and two trips [there and back] per week).
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2. Materials and Methods

2.1. Participants and Procedure

An initial sample of 158 healthy students with no disability (12th—13th grade and 60.8% girls)
from a high school in the city of Huesca (Spain) took part in this study. Huesca is a mid-sized city
located in the north-east of Spain. It has 52,399 inhabitants and an urban area of 6.75 km?2 (4.21 km? not
counting the industrial area), with a population density of 7762.8 inhabitants/km?. Written informed
consent was required from both parents and adolescents, and their participation was entirely voluntary
and confidential. A paper-and-pencil survey was administered by the research team to students in
their classrooms, which lasted for approximately 30 min, without the presence of teachers. The survey
was administered in a normal week of April 2017. After applying the two inclusion criteria (i.e., living
at a distance of less than 4500 m from the school [considering the specific urban area], and completing
all the items on the questionnaire), 140 of the eligible 158 students (M = 17.15 + 0.63 years old; 60.7%
girls) were included in the final study (i.e., 88.6% valid rate). Approval from the Ethics Committee for
Clinical Research of Aragon (CEICA) was obtained (Ethic code: C1P117/0018). All procedures were
performed in accordance with the relevant guidelines and regulations of the Ethics committee.

2.2. Assessment of Sociodemographic Characteristics

Participants self-reported their age, gender and home address.

2.3. Assessment of Mode and Frequency of Commuting to/from School

Participants completed a self-report questionnaire on their usual as well as on their latest weekly
commuting patterns to and from school (Monday to Friday), respectively. Similarly to previous
studies [33], the usual commuting mode to/from school was assessed by asking the following questions:
‘How do you usually commute from home to school?” and ‘How do you usually commute from
school to home?’. The answer options were walking, cycling, by car, motorcycle, or bus. Walking and
cycling were categorized as usual active transport modes, whereas travelling by car, motorcycle or
bus were categorized as usual passive transport modes. Accordingly, participants were considered
to be categorized as (1) usual active commuters (i.e., having a usual active transport mode to and
from school, or (2) usual passive commuters (i.e., less than two usual active transport modes). These
questions had been validated in the Spanish population [34] and were the result of a systematic review
of 158 studies from the scientific literature on the assessment of the usual mode of commuting, using
questionnaires [17].

With respect to the weekly commuting patterns, the frequency of ACS was expressed as the
number of active trips per week to and from school (range: 0-10). Adolescents self-reported all their
weekly trips to and from school using a single item from a validated school travel questionnaire for
each travel day®*:“How do you commute to school on ‘Mondays’?” and “How do you commute from
school on “‘Mondays’?”, repeating this question for every weekday. Each question for every day of
the week about commuting to/from school was categorized as ‘active commuting’ (i.e., walking or
cycling) or ‘passive commuting’ (i.e., by car, motorbike or bus). All weekly active trips (i.e., ‘active
commuting’) were summed into a single variable ranging from 0 to 10. Based on this variable, subjects
were classified as ‘active commuters’ according to six increasing weekly cut-off criteria: >five active
trips, >six active trips, >seven active trips, >eight active trips, >nine active trips, and 10 active trips.

2.4. Assessment of Distance from Home to School

The objective measure of the distance to school was estimated using Google Maps, selecting the
shortest route on foot option between the home address and the school’s main entrance. Adolescents’
home addresses and their respective school addresses were entered into Google Maps using the ‘get
directions’ function and the walking distance between the two points was recorded in meters. Using
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Google Maps as a GPS mapping resource has been recommended in research studies [35-37] as a
method to measure walking and cycling routes to school.

2.5. Assessment of Perceived Barriers to ACS

Adolescents completed the BATACE scale (Spanish acronym for Barreras en el Transporte Activo al
Centro Educativo and translated as Barriers to Active Commuting to School [38]). This scale includes 18
items and measures two factors: environmental and safety barriers (e.g., ‘It is too far’), and planning
and psychosocial barriers (e.g., ‘It is easier to go by car’). The scale was completed for walking and
cycling barriers, separately. All items were assessed using a four-point Likert scale ranging from (1)
strongly disagree to (4) strongly agree. This scale has shown adequate reliability and validity in past
research studies with Spanish populations [37].

2.6. Statistical Analysis

All statistical analyses were conducted using the Statistical Package for Social Sciences (SPSS,
version 21.0, IBM Corp. Released 2012. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY:
IBM Corp.) and the level of significance was set at p < 0.05. Percentages of active commuters were
calculated both for usual commuting mode and for the weekly frequency of commuting to school for
every cut-off criterion. Cochran’s QQ analyses were conducted to analyze differences in percentages of
active commuters between different weekly cut-off criteria.

Participants’ perceived barriers to ACS were analyzed for each weekly cut-off criterion through
a binary logistic regression analysis. First, univariate regression analyses were run to examine
the independent association between the commuting modes according to the six different weekly
cut-off criteria (as dependent variables) and perceived barriers for walking and cycling to school
(as independent variables). Then, considering only significant univariate barriers (i.e., those that
significantly predicted dependent variables), a series of multivariate binary logistic regression analyses
were conducted.

Finally, the threshold distance for ACS was calculated using the receiver operating characteristic
(ROC) curve analysis based on the usual commuting mode (i.e., usual active or passive commuter),
and distance from home to school. The Younden Index was calculated [39] to identify the threshold
distance that best distinguishes active from passive commuters. The area under the curve values of
0.90 is considered excellent, 0.80 to 0.89 good, 0.70 to 0.79 fair, and less than 0.70 poor [40]. The sample
was split according to the threshold distance. Using the two resulting samples (i.e., who lived above
and below the threshold distance), a series of Cochran’s Q tests were conducted again to analyze
differences in percentages of active commuters between different weekly cut-off criteria.

3. Results

From the final sample of 140 adolescents (M = 17.15 + 0.63 years old; 60.7% girls), 80% of the
participants were “usual active commuters’. No differences were found by gender in either of the two
usual commuting modes [to school: x2(3, 140) = 4.04, p = 0.26; from school: x2(3, 140) =5.57, p = 0.14;
usual active commuters: x>(1, 140) = 0.749, p = 0.39].

As observed in Table 1 and based on the six different weekly cut-off criteria, percentages of active
commuters ranged from 75% to 88.6% of the participants, showing a decrease in the percentage of active
commuters as the number of active trips increased. Cochran’s Q analysis showed significant differences
between percentages of the different cut-off criteria [Q(5) = 63.468, p < 0.00]. Pair-comparison of
Cochran’s Q analysis revealed that no significant differences were found between the percentages from
the >six, >seven, and >eight active trip cut-off criteria. Similarly, no significant differences were found
between the percentages of active commuters from the >nine and ten active trip cut-off criteria either.
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Table 1. Cochran’s Q test values for the percentage of active commuters depending on the number of
weekly active trips to and from school.

n =140 1 2 3 4 5 6 %
1. >five active trips - 13.00**  14.00** 15.00**  18.00**  19.00 ** 88.6
2. >six active trips - 1.00 2.00 5.00 * 6.00 * 79.3
3. >seven active trips - 1.00 4.00* 5.00 * 78.6
4. >eight active trips - 3.00 4.00 * 77.9
5. >nine active trips - 1.00 75.7
6. =10 active trips - 75.0

Note: *p < 0.05,** p < 0.01. % = percentage of active commuters.

Table 2 shows the association between significant univariate barriers to ACS and the commuting
mode for each weekly cut-off criterion. It should be noted that the planning and psychological walking
barrier, ‘It is easier to go by car’, was significantly and negatively associated with ACS for the seven
(p =—0.85; SE = 0.41, p < 0.05) and the eight (3 = —0.86; SE = 0.38, p < 0.05) active trip cut-off criteria.
The environmental and safety walking barrier, ‘It is too far’, was significantly and negatively associated
with ACS for the eight ( = —0.72; SE = 0.36, p < 0.05), nine ( = —0.96; SE = 0.35, p < 0.05) and ten
(P =-0.1.03; SE = 0.35, p < 0.01) active trip cut-off criteria. The dependent variable eight active trip
weekly cut-off criterion had the greatest number of significant barriers.

The ROC curve analysis showed a threshold distance of 1350 m (area under the curve: 0.809;
p <0.001). In total, 60.7% (i.e., n = 85) of the total sample lived below the threshold distance (see
Figure 1). The percentages of active commuters for each weekly cut-off criterion ranged from 90.6% to
97.6% for participants who lived below the threshold distance and from 50.9% to 74.5% for those who
lived above the threshold (see Table 3). With respect to the participants who lived below the threshold
distance, Cochran’s Q analysis showed significant differences between percentages of the different
cut-off criteria [Q(5) = 23.182, p < 0.00]. Pair-comparison of Cochran’s Q analysis revealed that no
significant differences were found between the six, seven, eight, nine, and ten active trip cut-off criteria.
With regard to adolescents who lived above the threshold, Cochran’s Q analysis reported significant
differences between percentages of different cut-off criteria [Q(5) = 41.282, p < 0.00]. A pair-comparison
of Cochran’s Q analysis revealed that no significant differences were found between the percentage of
active commuters between the eight, nine, and ten active trips cut-off criteria.

0,84

0,6+

Sensitivity

0,4+

Cut-off point: 1350 m
AUC: .809
p <0.001

00 T T T T
00 02 04 06 08 10

1-Specificity

Figure 1. Receiver operating characteristic (ROC) curve analysis for active versus passive commuters
by distance.
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Table 2. Multivariate binary logistic regression analysis of different active trip cut-off criteria based on children’s active commuting to school (ACS) barriers.

>Five Active Trips >Six Active Trips >Seven Active Trips >Eight Active Trips >Nine Active Trips =10 Active Trips
Variables B SE B SE p B SE B SE p B SE p B SE
Walking barriers (n = 108)
Planning and psychosocial barriers
I get hot and sweat, or it is always raining -0.28 0.36 043
It is easier to go by car -0.81 052 12 -0.67 037 007 —0.85  0.41 004 -0.86 0.38 002 -055 032 009 -062 033 0.06
It involves too much planning -0.38 043 037 =028 036 043  -020 036 060 -040  0.36 028  -0.07 034 083 -031 035 0.36
I do not enjoy myself -0.77 047 0.11
Environmental and safety barriers
It is too far -0.75 0.50 0.13 -0.67 0.36 0.06 -0.65 0.38 0.09 -0.72 0.36 0.04 —0.96 0.35 0.01 -10.03 0.35 0.00

Note: Only significant univariate barriers were included in the analysis of each dependent variable. SE = Standard Error. Bold fond = p < 0.05.
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Table 3. Cochran’s Q test values for the percentage of active commuters depending on the number of
weekly active trips to and from school for participants below and above the threshold distance.

Cut-off Criteria 1 2 3 4 5 6
1. >five active trips - 8.00 ** 9.00 ** 10.00 ** 12.00 ** 13.00 **
2. >six active trips 5.00 * - 1.00 2.00 4.00* 5.00 *
3. 2seven active trips 5.00 % 0.00 - 1.00 3.00 4.00*
4. >eight active trips 5.00 * 0.00 0.00 - 2.00 3.00
5. 2nine active trips 6.00 * 1.00 1.00 1.00 - 1.00
6. =10 active trips 6.00 * 1.00 1.00 1.00 0.00 -
% of active commuters above the threshold 74.5 60.0 58.2 56.4 52.7 50.9
% of active commuters below the threshold 97.6 91.8 91.8 91.8 90.6 90.6

Note: *p < 0.05, ** p < 0.01; Q-Cochran test values from students who lived below the threshold distance (1 = 85) are
displayed below the diagonal, and signification levels from students who lived above the threshold distance (1 = 55)
are displayed above the diagonal.

4. Discussion

The present study aimed to propose the most valid and reliable criteria to correctly classify
adolescents as active or passive commuters, in agreement with the frequency of active trips to school.

As previous research has shown [22,30,41], the current study provides different percentages of
active commuters depending on the various cut-off criteria used. Percentages ranged from 75% (i.e.,
the strictest cut-off criterion) to 88.6% (i.e., the least strict cut-off criterion). The present study reported
significant differences between the percentage of active commuters for the total sample when >five,
>eight and 10 active trip cut-off criteria were applied. Based on these results, it seems that the most
recommendable cut-off criteria for adolescents fluctuated between the >eight and >nine active trip
cut-off criteria.

Considering the >eight active trip cut-off criterion as a reference, the percentage of active
commuters in this research study (i.e., 77.9%) is more similar to other studies that used the same active
trip cut-off criterion (i.e., 76.2% of active commuters [26]), although in those studies, data were collected
from 11-12-year-old children. On the other hand, when the >eight active trip cut-off criterion is chosen,
the percentage of adolescents classified as active commuters is much higher (i.e., 18.7%) in the current
study, in contrast to previous research [30]. This controversy in the results may be explained by other
variables that influence ACS, such as age [42], socio-cultural context [43], climate [44], socio-economic
status [45], and city size [46].

A multivariate binary logistic regression analysis was conducted to corroborate which would
be the most accurate criterion, including perceived barriers to ACS. A positive association between
the number of perceived barriers and active commuting has been observed in previous studies [47].
Our results suggest that the >eight active trip cut-off criterion could be considered as the most
accurate, because it proved to be associated with a greater number of planning and environmental
barriers. In addition, these results are similar to those reported by Becker and collegues*’. These
authors found similar barriers in adolescents (e.g., ‘It is easier to go by car/bus’), which have been
highlighted in the present research when applying the >eight active trip cut-off criterion. Moreover,
an average of 7.7 active trips/week has recently been reported in a large sample of Spanish children
and adolescents [48], which reinforces the choice of the >eight active trip cut-off criterion as the most
suitable in this context. Nevertheless, the >nine active trip cut-off criterion should not be forgotten in
future methodological studies.

A vast body of studies has suggested that there is a clear association between distance from home
to school and the use of an active commuting mode, highlighting that participants living closer to
school are more likely to actively commute than those who live further away [32,49-51]. Consequently,
the most accurate cut-off criteria may hypothetically oscillate when the distance from home to school
variable is considered in the analysis. Regarding adolescents who lived below the threshold distance
(i.e., <1350 m from home to school), our results did not show any variation between the >six active trip
cut-off criterion and the 10 active trip cut-off criterion in terms of the percentage of subjects classified
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as active commuters (i.e., 91.8%-90.6% of active commuters). Therefore, a significant oscillation of the
percentage of active commuters was only found between the >five active trip cut-off criterion (i.e.,
97.6% active commuters) and all the other cut-off criteria. Considering these results, the present study
also provides evidence about the need for greater strictness in the selection of a cut-off criterion when
the distance to school becomes shorter. Assuming that distance might not constitute a major barrier
to ACS (i.e., living below the threshold distance), and given that ACS seems to be a stable behavior,
some stricter cut-off criteria could be adopted to correctly differentiate active commuters from passive
commuters in adolescence.

Turning our attention to adolescents who lived above the threshold distance (i.e., 21350 m from
home to school), different percentages of active commuters were displayed, depending on the cut-off
criterion chosen. This decision resulted in lower rates of active commuters as the criteria became
stricter. Cochran’s Q analysis findings suggest that the most accurate cut-off criterion should be either
the >seven or the >eight active trip cut-off criteria. Although the size of the city could be an influential
variable in these results, distance from home to school should be considered an important variable
(i.e., living above the threshold distance) when methodological recommendations are stated. Further
research should focus on the influence of distance on ACS behavior.

In sum, this study suggests that the >eight active trip cut-off criterion could be considered as
optimal for the current sample. It also indicates the need to consider other variables (e.g., distance)
to apply this criterion in different contexts. The results of the research on ACS may be influenced
by the correct choice of cut-off criteria. This has already occurred on previous occasions with the
methodological decisions adopted to measure PA (e.g., epoch length in accelerometers; for further
information [52]). Consequently, similar considerations should be taken into account when using
frequency of active trips to school to categorize people as active or passive commuters. This fact will
allow researchers to conduct rigorous, standardized and comparable ACS studies. This is promising,
but more research is needed, however, to confirm our findings.

This work has several limitations. Firstly, our findings may not be generalizable to other contexts.
This study was developed in a specific socio-cultural context using a convenience sample of a specific
age. Therefore, further research should address different cultural contexts. Secondly, another limitation
of this study is related to the self-report questionnaire used for data collection. Even though a children’s
self-report questionnaire seems to be the most common way of assessing ACS [17], this method should
be used with caution because it has been proven to agree poorly with objective estimates [31].

Despite these limitations, this study has notable strengths. To our knowledge, this is the first
research that raises the issue of cut-off criteria to classify active commuters in adolescence according to
the number of weekly active trips to school. Although it is only an approximation and more research is
required, the current study begins to draw conclusions about the need to establish common criteria to
compare international results. Nevertheless, the need to consider the characteristics of each context
and other potential moderator variables in the analysis is also stated. These issues should be addressed
in future research.

5. Conclusions

The literature has also shown some inconsistencies in the categorization of active and passive
commuters. The heterogeneity of research questions and methods makes it difficult to compare
prevalence between studies and to investigate the influence of ACS on health-related outcomes'”.
According to the objectives of this research, significant differences were found in the percentage of
active commuters, depending on the cut-off criteria used. In addition, the results show the relevance of
the threshold distance when selecting the most accurate cut-off criterion. Nonetheless, the intention of
our study was not to conclude with any final and decisive recommendations about the ideal cut-off
criteria to differentiate active from passive commuters. Our sole aim was to pose a cutting-edge
question on this methodological topic that should be addressed by the scientific community in coming

years. Although there is still no consensus regarding the optimal cut-off criteria for dichotomizing
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active versus passive commuters [17], we tried, to some extent, to provide some evidence to clarify this
issue in the adolescent population.

Prior to designing any intervention to promote ACS, this methodological issue should be
considered for any population, paying special attention, in particular, to the characteristics of the
intervention context. We also truly encourage researchers to compare our recommendations with other
proposals in order to find the best criteria.

Author Contributions: ].Z., A.C. and A.A. conceived, designed and contributed to the data collection. ].Z. and
A.A. designed the present study. A.A. conducted the statistical analyses. A.C. and S.E. drafted the manuscript
and J.Z., A.A., and A.A. critically revised and edited the manuscript. All authors have read and approved the
final manuscript.

Funding: This study was funded up to 65% by the European Funding for regional development (FEDER) through
Interreg V-A Spain, France, Andorra (POCTEFA 2014-2020) through CAPAS-City (Centre for the Promotion of
Physical Activity and Health) (I-2016/013).

Acknowledgments: We would like to thank all students who participated in this study for their help as well as
their teachers for their collaboration.

Conflicts of Interest: Authors declare no conflicts of interest.

References

1. World Health Organization (WHO). Global Health Estimates. 2014. Available online: http://www.who.int/
healthinfo/global_burden_disease/en/ (accessed on 20 May 2018).

2. Chaput, J.-P; Dinh, T.; Duggan, M.; Gray, C.E.; Gruber, R.; Janson, K.; Janssen, I.; Katzmarzyk, P.T.; Kho, M.E.;
Latimer-Cheung, A.E,; et al. Canadian 24-hour movement guidelines for children and youth: An integration
of physical activity, sedentary behaviour, and sleep. Appl. Physiol. Nutr. Metab. 2016, 41, S311-5327.
[CrossRef]

3. World Health Organization (WHO). Global Recommendations on PA for Health; World Health Organization:
Geneva, Switzerland, 2010.

4. Cooper, A.R.; Goodman, A.; Page, A.S.; Sherar, L.B.; Esliger, D.W.; Van Sluijs, EM.E,; Andersen, L.B.;
Anderssen, S.; Cardon, G.; Davey, R.; et al. Objectively measured physical activity and sedentary time in
youth: The International children’s accelerometry database (ICAD). Int. ]. Behav. Nutr. Phys. Act. 2015,
12, 113-123. [CrossRef] [PubMed]

5. Roman-Vifias, B.; Chaput, J.-P; Katzmarzyk, P.T.; Fogelholm, M.; Lambert, E.V.; Maher, C.; Maia, J.; Olds, T.;
Onywera, V.; Sarmiento, O.L.; et al. Proportion of children meeting recommendations for 24-hour movement
guidelines and associations with adiposity in a 12-country study. Int. ]. Behav. Nutr. Phys. Act. 2016,
13,123-133. [CrossRef] [PubMed]

6. Telama, R.; Yang, X,; Viikari, J.; Valiméaki, I.; Wanne, O.; Raitakari, O. Physical activity from childhood to
adulthood. Am. J. Prev. Med. 2005, 28, 267-273. [CrossRef] [PubMed]

7. Tucker, P,; Irwin, J.D.; Gilliland, J.; He, M.; Larsen, K.; Hess, P. Environmental influences on PA levels in
youth. Health Place 2009, 15, 357-363. [CrossRef] [PubMed]

8. Voss, C. Public health benefits of active transportation. In Children’s Active Transportation; Larouche, R., Ed.;
Elsevier: Amsterdam, The Netherlands, 2018; pp. 1-20.

9. Reynolds, R.; McKenzie, S.; Allender, S.; Brown, K.; Foulkes, C. Systematic review of incidental physical
activity community interventions. Prev. Med. 2014, 67, 46-64. [CrossRef] [PubMed]

10. Ostergaard, L.; Kolle, E.; Steene-Johannessen, J.; Anderssen, S.A.; Andersen, L.B. Cross sectional analysis
of the association between mode of school transportation and physical fitness in children and adolescents.
Int. . Behav. Nutr. Phys. Act. 2013, 10, 91-98. [CrossRef] [PubMed]

11.  World Health Organization (WHO). Global Action Plan on Physical Activity 2018-2030: More Active People
for a Healthier World. 2018. Available online: http://apps.who.int/iris/bitstream/handle/10665/272722/
9789241514187-eng.pdf (accessed on 20 May 2018).


http://www.who.int/healthinfo/global_burden_disease/en/
http://www.who.int/healthinfo/global_burden_disease/en/
http://dx.doi.org/10.1139/apnm-2016-0151
http://dx.doi.org/10.1186/s12966-015-0274-5
http://www.ncbi.nlm.nih.gov/pubmed/26377803
http://dx.doi.org/10.1186/s12966-016-0449-8
http://www.ncbi.nlm.nih.gov/pubmed/27887654
http://dx.doi.org/10.1016/j.amepre.2004.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15766614
http://dx.doi.org/10.1016/j.healthplace.2008.07.001
http://www.ncbi.nlm.nih.gov/pubmed/18706850
http://dx.doi.org/10.1016/j.ypmed.2014.06.023
http://www.ncbi.nlm.nih.gov/pubmed/24972315
http://dx.doi.org/10.1186/1479-5868-10-91
http://www.ncbi.nlm.nih.gov/pubmed/23866826
http://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf
http://apps.who.int/iris/bitstream/handle/10665/272722/9789241514187-eng.pdf

Int. |. Environ. Res. Public Health 2019, 16, 3796 10 of 12

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Shaw, B.; Bicket, M.; Elliott, B.; Fagan-Watson, B.; Mocca, E.; Hillman, M. Children’s Independent Mobility:
An International Comparison and Recommendations for Action. Policy Studies Institute: London, UK, 2015.
Available online: http://www.psi.org.uk/docs/7350_PSI_Report_CIM_final.pdf (accessed on 20 May 2018).
Dygryn, J.; Mitas, J.; Gaba, A.; Rubin, L.; Fromel, K. Changes in active commuting to school in Czech
adolescents in different types of built environment across a 10-year period. Int. J. Environ. Res. Public Health
2015, 12, 12988-12998. [CrossRef] [PubMed]

Fyhri, A.; Hjorthol, R.; Mackett, R.L.; Fotel, T.N.; Kytta, M. Children’s active travel and independent mobility
in four countries: Development, social contributing trends and measures. Transp. Policy 2011, 18, 703-710.
[CrossRef]

McDonald, N.C.; Brown, A.L.; Marchetti, L.M.; Pedroso, M.S. US school travel, 2009: An assessment of
trends. Am. J. Prev. Med. 2011, 41, 146-151. [CrossRef]

Chillén, P.; Martinez-Gémez, D.; Ortega, F.B.; Pérez-Lopez, 1.].; Diaz, L.E.; Veses, A.M. Six-year trend in
active commuting to school in Spanish adolescents. Int. |. Behav. Med. 2013, 20, 529-537. [CrossRef]
Herrador-Colmenero, M.; Pérez-Garcia, M.; Ruiz, J.R.; Chillén, P. Assessing modes and frequency of
commuting to school in youngsters: A systematic review. Pediatr. Exerc. Sci. 2014, 26, 291-341. [CrossRef]
Pizarro, A.N.; Ribeiro, J.C.; Marques, E.A.; Mota, J.; Santos, M.P. Is walking to school associated with
improved metabolic health? Int. J. Behav. Nutr. Phys. Act. 2013, 10, 12-19. [CrossRef]

Reimers, A.K,; Jekauc, D.; Peterhans, E.; Wagner, M.O.; Woll, A. Prevalence and socio-demographic correlates
of active commuting to school in a nationwide representative sample of German adolescents. Prev. Med.
2013, 56, 64—69. [CrossRef]

Chillén, P; Evenson, K.R; Vaughn, A.; Ward, D.S. A systematic review of interventions for promoting active
transportation to school. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 1-17. [CrossRef] [PubMed]

Evenson, K.R; Neelon, B.; Ball, S.C.; Vaughn, A.; Ward, D.S. Validity and Reliability of a School Travel Survey.
J. Phys. Act. Health 2008, 5, S1-S15. [CrossRef]

Bere, E.; Bjorkelund, L.A. Test-retest reliability of a new self reported comprehensive questionnaire measuring
frequencies of different modes of adolescents commuting to school and their parents commuting to work-the
ATN questionnaire. Int. |. Behav. Nutr. Phys. Act. 2009, 6, 68-73. [CrossRef]

Carver, A.; Timperio, A.F; Crawford, D.A.]. Neighborhood Road Environments and Physical Activity Among
Youth: The CLAN Study. J. Urban. Health 2008, 85, 532-544. [CrossRef] [PubMed]

Ruiz-Ariza, A.; De la Torre-Cruz, M.J.; Sudrez-Manzano, S.; Martinez-Lopez, E.J. El desplazamiento activo al
Centro educativo influye en el rendimiento académico de las adolescentes espafiolas. Retos Nuevas Tend.
Educ. Fis. Deporte Recreac. 2017, 32, 39-43.

Chillén, P.; Hales, D.; Vaughn, A.; Gizlice, Z.; Ni, A.; Ward, D.S. A cross-sectional study of demographic,
environmental and parental barriers to active school travel among children in the United States. Int. ]. Behav.
Nutr. Phys. Act. 2014, 9, 61-71. [CrossRef]

Velde, S.J.T.; Haraldsen, E.; Vik, EN.; De Bourdeaudhuij, I.; Jan, N.; Kovacs, E.; Moreno, L.A.; Dossegger, A.;
Manios, Y.; Brug, J.; et al. Associations of commuting to school and work with demographic variables
and with weight status in eight European countries: The ENERGY-cross sectional study. Prev. Med. 2017,
99, 305-312. [CrossRef]

Ikeda, E.; Stewart, T.; Garrett, N.; Egli, V.; Mandic, S.; Hosking, J.; Witten, K.; Hawley, G.; Tautolo, E.S;
Rodda, J.; et al. Built environment associates of active school travel in New Zealand children and youth: A
systematic meta-analysis using individual participant data. J. Transp. Health 2018, 9, 117-131. [CrossRef]
Ross, A.; Rodriguez, A.; Searle, M. Associations between the physical, sociocultural, and safety environments
and active transportation to school. J. Health Educ. 2017, 48, 198-209. [CrossRef]

Veitch, J.; Carver, A.; Salmon, J.; Abbott, G.; Ball, K.; Crawford, D.; Cleland, V.; Timperio, A. What predicts
children’s active transport and independent mobility in disadvantaged neighborhoods? Health Place 2017,
44,103-109. [CrossRef] [PubMed]

Mah, S.K.; Nettlefold, L.; Macdonald, H.M.; Winters, M.; Race, D.; Voss, C.; McKay, H.A. Does parental
support influence children’s active school travel? Prev. Med. Rep. 2017, 6, 346-351. [CrossRef] [PubMed]


http://www.psi.org.uk/docs/7350_PSI_Report_CIM_final.pdf
http://dx.doi.org/10.3390/ijerph121012988
http://www.ncbi.nlm.nih.gov/pubmed/26501304
http://dx.doi.org/10.1016/j.tranpol.2011.01.005
http://dx.doi.org/10.1016/j.amepre.2011.04.006
http://dx.doi.org/10.1007/s12529-012-9267-9
http://dx.doi.org/10.1123/pes.2013-0120
http://dx.doi.org/10.1186/1479-5868-10-12
http://dx.doi.org/10.1016/j.ypmed.2012.11.011
http://dx.doi.org/10.1186/1479-5868-8-10
http://www.ncbi.nlm.nih.gov/pubmed/21320322
http://dx.doi.org/10.1123/jpah.5.s1.s1
http://dx.doi.org/10.1186/1479-5868-6-68
http://dx.doi.org/10.1007/s11524-008-9284-9
http://www.ncbi.nlm.nih.gov/pubmed/18437579
http://dx.doi.org/10.1186/1479-5868-11-61
http://dx.doi.org/10.1016/j.ypmed.2017.03.005
http://dx.doi.org/10.1016/j.jth.2018.04.007
http://dx.doi.org/10.1080/19325037.2017.1292877
http://dx.doi.org/10.1016/j.healthplace.2017.02.003
http://www.ncbi.nlm.nih.gov/pubmed/28219853
http://dx.doi.org/10.1016/j.pmedr.2017.04.008
http://www.ncbi.nlm.nih.gov/pubmed/28507889

Int. |. Environ. Res. Public Health 2019, 16, 3796 11 of 12

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Panter, J.; Costa, S.; Dalton, A.; Jones, A.; Ogilvie, D. Development of methods to objectively identify time
spent using active and motorized modes of travel to work: How do self-reported measures compare? Int. J.
Behav. Nutr. Phys. Act. 2014, 11, 116-131. [CrossRef] [PubMed]

Rodriguez-Lépez, C.; Salas-Farina, Z.M.; Villa-Gonzalez, E.; Borges-Cosic, M.; Herrador-Colmenero, M.;
Medina-Casaubon, J.; Ortega, F.B.; Chillon, P. The threshold distance associated with walking from home to
school. Health Educ. Behav. 2017, 44, 857-866. [CrossRef]

Villa-Gonzalez, E.; Ruiz, J.R.; Ward, D.S.; Chillén, P. Effectiveness of an active commuting school-based
intervention at 6-month follow-up. Eur. J. Public Health 2016, 26, 272-276. [CrossRef]

Chillén, P; Herrador-Colmenero, M.; Migueles, ].H.; Cabanas-Sanchez, V.; Fernandez-Santos, J.R.; Veiga, O.L,;
Castro-Pifiero, ]. Convergent validation of a questionnaire to assess the mode and frequency of commuting
to and from school. Scand. ]. Public Health 2017, 45, 612-620. [CrossRef]

Aibar, A.; Mandic, S.; Generelo, E.; Gallardo, L.; Zaragoza, ]. Parental Barriers to Active Commuting to
School in Children: Does Parental Gender Matter? |. Transp. Health 2018, 9, 141-149. [CrossRef]

Badland, H.M.; Opit, S.; Witten, K.; Kearns, R.A.; Mavoa, S. Can virtual streetscape audits reliably replace
physical streetscape audits? . Urban. Health 2010, 87, 1007-1016. [CrossRef] [PubMed]

Terron-Pérez, M.; Molina-Garcia, J.; Martinez-Bello, V.E.; Queralt, A. Active commuting to school among
preschool-aged children and its barriers: An exploratory study in collaboration with parents. . Transp. Health
2018, 8, 244-250. [CrossRef]

Molina-Garcia, J.; Queral, A.; Estevan, L; Alvarez, O.; Castillo, I. Barreras percibidas en el desplazamiento
activo al centro educativo: Fiabilidad y validez de una escala. Gac. Sanit. 2016, 6, 426-431. [CrossRef]
[PubMed]

Schisterman, E.F.; Perkins, N.J.; Liu, A.; Bondell, H. Optimal cut-point and its corresponding Youden Index
to discriminate individuals using pooled blood samples. Epidemiology 2005, 16, 73-81. [CrossRef] [PubMed]
Metz, C.E. Basic principles of ROC analysis. Semin. Nucl. Med. 1978, 8, 283-298. [CrossRef]

Lu, W.; McKyer, E.LJ.; Lee, C.; Goodson, P.; Ory, M.G.; Wang, S. Perceived barriers to children’s active
commuting to school: A systematic review of empirical, methodological and theoretical evidence. Int. J.
Behav. Nutr. Phys. Act. 2014, 11, 140-160. [CrossRef] [PubMed]

Mitra, R.; Buliung, R.N. The influence of neighborhood environment and household travel interactions
on school travel behavior: An exploration using geographically-weighted models. J. Transp. Geogr. 2014,
36, 69-78. [CrossRef]

Rothman, L.; To, T.; Buliung, R.; Macarthur, C.; Howard, A. Influence of social and built environment features
on children walking to school: An observational study. Prev. Med. 2014, 60, 10-15. [CrossRef] [PubMed]
Borrestad, L.A.B.; Andersen, L.B.; Bere, E. Seasonal and socio-demographic determinants of school commuting.
Prev. Med. 2011, 52, 133-135. [CrossRef]

Shokoohi, R.; Hanif, N.R.; Dali, M. Influence of the socio-economic factors on children’s school travel.
Procedia Soc. Behav. Sci. 2012, 50, 135-147. [CrossRef]

Panter, J.; Jones, A. Attitudes and the environment as determinants of active travel in adults: What do and
don’t we know? J. Phys. Act. Health 2010, 7, 551-561. [CrossRef] [PubMed]

Becker, L.; Fermino, R.; Lima, A.; Rech, C.; Afiez, C.; Reis, R. Perceived barriers for active commuting to
school among adolescents from Curitiba, Brazil. Rev. Bras. Ativ. Fis. Saiide 2017, 22, 24-34. [CrossRef]
Herrador-Colmenero, M.; Escabias, M.; Ortega, F.B.; McDonald, N.C.; Chillén, P. Mode of commuting TO
and FROM school: A similar or different pattern? Sustainability (Switz.) 2019, 11, 1-9. [CrossRef]

Chillén, P; Panter, J.; Corder, K.; Jones, A.P.; Van Sluijs, EM.F. A longitudinal study of the distance that
young people walk to school. Health Place 2015, 31, 133-137. [CrossRef] [PubMed]

Harten, N.; Olds, T. Physical Activity: Patterns of active transport in 11-12 year old Australian children.
Aust. N. Z. ]. Public Health 2004, 28, 167-172.


http://dx.doi.org/10.1186/s12966-014-0116-x
http://www.ncbi.nlm.nih.gov/pubmed/25231500
http://dx.doi.org/10.1177/1090198116688429
http://dx.doi.org/10.1093/eurpub/ckv208
http://dx.doi.org/10.1177/1403494817718905
http://dx.doi.org/10.1016/j.jth.2018.03.005
http://dx.doi.org/10.1007/s11524-010-9505-x
http://www.ncbi.nlm.nih.gov/pubmed/21104331
http://dx.doi.org/10.1016/j.jth.2017.12.007
http://dx.doi.org/10.1016/j.gaceta.2016.05.006
http://www.ncbi.nlm.nih.gov/pubmed/27381427
http://dx.doi.org/10.1097/01.ede.0000147512.81966.ba
http://www.ncbi.nlm.nih.gov/pubmed/15613948
http://dx.doi.org/10.1016/S0001-2998(78)80014-2
http://dx.doi.org/10.1186/s12966-014-0140-x
http://www.ncbi.nlm.nih.gov/pubmed/25403958
http://dx.doi.org/10.1016/j.jtrangeo.2014.03.002
http://dx.doi.org/10.1016/j.ypmed.2013.12.005
http://www.ncbi.nlm.nih.gov/pubmed/24333604
http://dx.doi.org/10.1016/j.ypmed.2010.12.006
http://dx.doi.org/10.1016/j.sbspro.2012.08.022
http://dx.doi.org/10.1123/jpah.7.4.551
http://www.ncbi.nlm.nih.gov/pubmed/20683098
http://dx.doi.org/10.12820/rbafs.v.22n1p24-34
http://dx.doi.org/10.3390/su11041026
http://dx.doi.org/10.1016/j.healthplace.2014.10.013
http://www.ncbi.nlm.nih.gov/pubmed/25528343

Int. |. Environ. Res. Public Health 2019, 16, 3796 12 of 12

51. Timperio, A.; Ball, K.; Salmon, J.; Roberts, R.; Giles-Corti, B.; Simmons, D.; Baur, L.A.; Crawford, D. Personal,
family, social, and environmental correlates of active commuting to school. Am. J. Prev. Med. 2006, 30, 45-51.
[CrossRef]

52. Aibar, A.; Chanal, J. Physical education: The effect of epoch lengths on children’s physical activity in a
structured context. PLoS ONE 2015, 10, e0121238. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/j.amepre.2005.08.047
http://dx.doi.org/10.1371/journal.pone.0121238
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants and Procedure 
	Assessment of Sociodemographic Characteristics 
	Assessment of Mode and Frequency of Commuting to/from School 
	Assessment of Distance from Home to School 
	Assessment of Perceived Barriers to ACS 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

