o ey 4
<@ sustainability ﬂw\p\py

Article
Objective Measurement of the Mode of Commuting
to School Using GPS: A Pilot Study

Emilio Villa-Gonzalez 10, Sergio Rosado-Lopez 2 Yaira Barranco-Ruiz 10,

Manuel Herrador-Colmenero 2, Cristina Cadenas-Sanchez 2(), Maria Paula Santos 3 and
Palma Chillén 2

1 Department of Physical and Sports Education, PROFITH “PROmoting FITness and Health through Physical
Activity” Research Group, Sport and Health University Research Institute (iMUDS), Faculty of Education
and Sport Sciences, University of Granada, 52005 Melilla, Spain; ybarranco@ugr.es

PROmoting FITness and Health through physical activity research group (PROFITH), Department of
Physical and Sports Education, Faculty of Sport Sciences, University of Granada, 18071 Granada, Spain;
sesrroslo92@gmail.com (S.R.-L.); mhc@ugr.es (M.H.-C.); cristina.cadenas.sanchez@gmail.com (C.C.-S.);
pchillon@ugr.es (P.C.)

Centro de Investigacao em Actividade Fisica, Satde e Lazer (CIAFEL), Faculty of Sport, University of Porto,
Rua Dr. Placido Costa, 91, 4200-450, Porto, Portugal; msantos@fade.up.pt

*  Correspondence: evilla@ugr.es; Tel.: +34-637942790; Fax: +34-958-24-43-69

check for
Received: 22 August 2019; Accepted: 24 September 2019; Published: 29 September 2019 updates

Abstract: Background and objectives: Active commuting to school (ACS) is a promising strategy to
increase the daily physical activity (PA) in youths. However, more studies are required to objectively
quantify the mode of commuting to school, as well as the health impact of this behavior. Thus, the
aims of this study were: (1) to objectively determine the mode of commuting to school using GPS;
(2) to quantify the sedentary time, PA levels, energy expenditure, and the steps derived from each
mode of commuting; and (3) to analyze the associations between ACS trips and sedentary time,
PA, energy expenditure, and steps. Participants and Methods: A total of 180 trips to school were
detected, which corresponded to 18 adolescents (12 girls, mean age = 15 + 0.0 years old). Mode of
commuting to school was detected using a novel method merging GPS data in the Personal Activity
Location Measurement System (PALMS), whereas sedentary time, PA levels, energy expenditure, and
steps were objectively evaluated through accelerometry. Logistic regressions were used to analyze
the associations of these variables with walking trips. Results: A total of 115 trips were recorded.
Most trips were performed by walk (49.5%), followed by vehicle (39.1%) and mixed transport (11.3%).
In the active school trips, youths were less likely to spend minutes in sedentary behaviors (OR: 0.481,
p =0.038), a higher increase on Metabolic-Equivalent of Task (METs) (OR: 5.497, p = 0.013), and
greater steps (OR: 1.004, p = 0.029) than in the passive school trips (both active and passive modes
were objectively measured). Conclusions: ACS (mainly walking) contribute to higher METs and steps
in adolescents. GPS could be an appropriate method to objectively evaluate the PA variables related
to the ACS trips.

Keywords: active transport; health behavior; sedentary behavior; physical activity; accelerometry

1. Introduction

Physical inactivity is the fourth most prevalent cause of mortality, involving a wide range of
non-communicable diseases in the overall population, such as cardiovascular disease or cancer [1].
The decline in physical activity (PA) is more pronounced throughout adolescence [2], with between
60% and 70% failing to meet the daily recommendations of at least 60 min of Moderate-to-Vigorous
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Physical Activity (MVPA) [3]. Different epidemiological studies have supported the positive effects of
active commuting to increase the PA levels in young and adult populations [4,5].

Active commuting to school (ACS)—traveling to and from school by walking or cycling—can
increase by 20%-30% the daily amount of MVPA in children and adolescents [6]. A previous systematic
review indicated that 82% of the included studies showed positive associations between ACS and PA
levels with modest quality of evidence [7]. However, this review study noted that there are few studies
that objectively quantified PA or ACS. Objective tools usually require a lot of preparation time and
have significant associated cost, whereas subjective measures such as questionnaires often save time
and costs, although there are also certain disadvantages and limitations (low response rates or inability
to probe responses). Most research on transport-related PA relies on self-reported data and geographic
information system (GIS)-based estimates of routes taken, which are not always representative of actual
routes [8]. Thus, comparing results across studies should be done with caution as discrepant methods
are commonly used to access and classify ACS [9]. In this sense, to the best of our knowledge, few
studies used a combination of objective devices to quantify the mode of commuting to and from school
and the PA generated by ACS. For instance, in a recent study carried out in Portuguese adolescents
using objective measurements (GPS and accelerometer) [10], an average of 12 min of MVPA during
walking trips to/from school were observed, corresponding to 20% of the recommendation of daily PA
levels. Furthermore, walking to school is considered light or moderate PA, whereas cycling has been
shown as MVPA [11].

Another study [12] conducted with Dutch adolescents used a combination of heartrate and
accelerometry by the Actiheart monitor and found that ACS contributed to 15% of the total PA energy
expenditure. In addition, in New Zealand adolescents, walking commuters to school accumulated an
average of 2300 steps per day more than passive travelers measured by pedometer [13]. However, to the
best of our knowledge, there is insufficient literature analyzing the energy expenditure and/or the total
number of steps associated with ACS behavior, especially addressing each mode of travel separately.

Thus, objective estimations of the mode of commuting to school, including the PA levels, energy
expenditure, and number of steps associated with each mode of commuting, are necessary, in order to
quantify the health impact of the interventions designed at changing the commuting behavior [14].
Accordingly, our main hypothesis was that a GPS could be a suitable method to objectively evaluate
ACS trips, and a combination of GPS with accelerometry could be an appropriate strategy to measure
the PA generated by the ACS. Therefore, the aims of this study were: (1) to objectively determine
the mode of commuting to school using GPS; (2) to quantify the sedentary time, PA levels, energy
expenditure, and the steps derived from each mode of commuting; and (3) to analyze the associations
between ACS trips and sedentary time, PA, energy expenditure, and steps.

2. Participants and Methods
2.1. Study Design

2.1.1. Trips to and from School

The participants were recruited from a secondary school within the National Educational System,
selected by convenience in Granada (south of Spain) in March 2017. Granada is the capital city of the
province of Granada, in the autonomous community of Andalusia (Spain), with an average elevation
of 738 m (2421 ft.) above sea level and ranking as the 13th-largest urban area of Spain. The selected
school had a medium socio-economic level, being in an urban environment 5.1 km from the center
of the city. Regarding weather data, the mean temperature registered in Granada from the Spanish
Meteorological State Agency (www.aemet.es) averaged 11 °C during the period of the study) March
2017). The researchers visited the school and invited the students to take part in the study. The school
board, parents, and scholars were informed about the study protocols and they agreed to participate.
We obtained a written consent from the parents (n = 20). For this study, the total trips to and from school
during the school days were analyzed (i.e., 10 possible trips to and from school for each participant
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during the five school days). The inclusion criteria of the participants were the following: (1) properly
completing the activity diary and having all anthropometric measurements; (2) providing GPS data of
at least 3 school days/week with a minimum of 9 h of registration [6]; and (3) providing accelerometry
data with at least one complete trip to and from school. A flow chart with the total trips collected from
the selected sample is presented in Figure 1. Of the 20 participants initially recruited for the study,
only 18 met the inclusion criteria (2 boys did not meet the criteria of carrying a minimum of 9 h of
GPS registration). Thus, of the 18 participants included, a total of 180 trips were detected (10 possible
weekly trips to and from school per participant). The final sample analyzed was 115 trips derived from
18 participants (12 girls, 66.6%) with a mean age of 15 + 0.0 years old.

Participants invited to the study

n=20 (Boys=8, Girls=12)

Participants who gave informed
consent

n=20 (Boys=8, Girls=12)

Participants who agreed to
participate and start the study

n=20 (Boys=38, Girls=12)
Excluded for not meeting the
inclusion criteria

Boys=2

Participants included in the study
analysis

n=18 (Boys n=6, Girls n=12)

Total trips collected
from the Total trips excluded
participants

n=65
n=180

Trips collected from the
participants and included
in the analysis

n=115

Figure 1. Recruitment flow chart of the participants and trips collected

2.1.2. Study Design and Procedure

This is a cross-sectional study where the mode of commuting to and from school, sedentary time,
PA levels, energy expenditure, and number of steps were objectively evaluated during one week
in a sample of Spanish adolescents. Briefly, the adolescents wore an elastic belt with a GPS and an
accelerometer device; the GPS was placed on the left side [15] and the accelerometer on the right side
of the hip [16] (Figure A1 in Appendix A). The data from the GPS and PA levels were measured during
7 consecutive days. The participants were trained to wear the monitors at all times excluding when
sleeping or in water activities. In addition, the adolescents completed a personal diary to register
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(i) the time they took the devices off, (ii) the time they got up from bed, (iii) the time they went to bed,
(iv) the time they left home, and (v) the times they arrived at and returned from school. The study
design, study procedures, and informed consent was registered at the Ethical Committee at University
of Granada in the Human Research section (14 April 2016, number 162).

2.2. Measurements

2.2.1. Positional Data and Mode of Commuting during the Trips to and from School

The positional data were recorded with a GPS (Qstarz BT-Q1000XT Travel Recorder, International
Co., Ltd. Taipei, Taiwan) every 5 s (epoch) [17]. As well as a high accuracy under several environmental
circumstances and an optimal signal acquisition time, the GPS has also shown a suitable dynamic
accuracy in dissimilar modes of commuting in numerous environments [17]. Functions concerning
vibration systems, alarms, and beepers were deactivated before delivering the devices.

The participants were requested to wear the GPS device for 7 consecutive days (left side of
the hip). Weekend days were removed from the analysis. A researcher charged the GPS monitors
at the school every day. The Personal Activity Location Measurement System (PALMS) (https:
/[ucsd-palms-project.wikispaces.com/) was applied for data managing and analyses. PALMS used
the distance and speed among GPS points to establish whether each epoch was part of a trip and
to determine the mode of commuting of that trip based on a protocol previously described [10].
This protocol consisted of (1) groups of sequential fixes (>2 min), which were treated as trips if they
reached >100 m with an average speed of >1.5 km/h, and (2) pauses of up to 3 min that were allowed
during a trip to account for conditions such as traffic lights.

Regarding the mode of commuting, PALMS detected “walking trips” if the speed was <10 km/h,
“cycling trips” if the speed was between >10 and <35 km/h, and “vehicle trips” if the speed was
>35 km/h [18]. The data (points) were grouped into 30-s intervals. For the current study, we only
considered walking and vehicle trips, and when both modes of commuting (i.e., walking and by vehicle)
were detected in the same trip, it was categorized as a “mixed transport”. The points estimated as
indoors were eliminated from the beginning and end of each trip. Indoor recognition was based on the
highest value of the signal to noise ratio of 225 and a maximum satellite ratio of 50. Then, we geocoded
the school and participants” household addresses. The school was considered to be the section on
which the geocode point fell, whereas a 25 m Euclidean buffer was applied to each participant’s home
address point to consider signal errors. Each trip to or from the school was considered one journey and
was used as a unit of analysis. The physical characteristics of the trips, such as the total distance (km),
total time (min), and the increase and loss in ground elevation (m) were collected from the GPS device
and Google Earth software V. 7.1.4 [19]. Finally, a new variable of ACS was created, where walking
trips were categorized as ACS, vehicle trips were categorized as non-ACS, and both cycling and mixed
trips were excluded.

2.2.2. Activity Diary

Throughout the evaluation period, the adolescents filled an activity diary in which they were
requested to register all PA achieved every day. The adolescents were trained to include the exact
times of start and end of all physical activities that lasted more than 5 min. The activities were detailed
in the diary to the most exact minute, and the participants were taught to complete the diary just after
they had completed every activity. The participants were also requested to record the periods during
which the accelerometer was not worn in the diary (e.g., during swimming or bathing). The activity
diary was small and with a convenient size for easily be kept in a back-bag or pocket.

2.2.3. Sedentary Time and PA

The participants were instructed to wear the accelerometer for 7 complete days (right side of the
hip). We assessed, in total, 5 days of sedentary time and PA levels using ActiGraph accelerometers
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(GT3X, ActiGraph, Pensacola, FL). Weekend days were removed for the analysis. The raw accelerations
collected at a sampling frequency of 100 Hz were processed in ActiLife software (v.6). To process the
data in ActiLife: 1) we imported the ActiGraph’s activity counts over 15s epochs using the default
(normal) filter following previous recommendations for this age group [20]; 2) we calculated the
non-wear time using Troiano’s algorithm [21]; and 3) we selected the time intervals of commuting to
and from school for specific analyses.

For sedentary time and PA intensities (light and MVPA), we applied the cut-off points of Hanggi
et al. [22]. Energy expenditure (METs) was calculated using the algorithm of Freedson et al. [23].
The number of total steps was also recorded. PA information was extracted from the trips to school,
from school, to and from school together as well as from the whole day (i.e., 100%) for each of the
participants. The type of activity regarding intensity (sedentary, light, and moderate-to-vigorous) was
presented in percentages of time spent in sedentary behavior, light PA, and MVPA, as well as, in total
time spent in sedentary behavior, light PA, and MVPA according to the mode of commuting to school.

2.2.4. Anthropometric Characteristics

Anthropometric characteristics were measured wearing sportwear (shorts and a short sleeve shirt)
and without shoes. The weight was assessed with a 0.1 kg approximation using a scale weighing
system (Seca 876, Ltd., Hamburg, Germany). The height was evaluated using the Frankfort plane,
with a 0.1 cm approximation applying a stadiometer (Seca 2013, Ltd., Hamburg, Germany). The waist
circumference (minimum circumference) was measured on a horizontal plane, at the level of the natural
waist, with a measuring tape (Seca 201, Ltd., Hamburg, Germany). The height, weight, and waist
circumference were measured twice but not consecutively, and the average of the two measurements
was used for the final analysis. Body mass index (BMI) was estimated as the weight (kilograms)
divided by the square of the height (meters) (kg/m?) [24].

2.3. Statistical Analyses

The descriptive statistics (means, standard deviations, and percentages) were reported for all
analyzed variables. We used one-way analysis of variance to compare the three modes of commuting
detected during the trips to and from the school (i.e., walking, vehicle, and mixed transport) with the
Bonferroni post hoc test. The Chi-square test was used to compare the modes of commuting by gender.
We used logistic regressions to analyze the associations of sedentary and PA time (i.e., minutes of light
PA, and MVPA), energy expenditure, and number of steps with walking to school trips (i.e., ACS)
among adolescents in different models, controlling by total PA time and increase in ground elevation.
The analyses were carried out using the SPSS (v. 20.0 for Windows, Chicago, IL, USA), and the level of
significance was set at p < 0.05.

3. Results

Table 1 shows the characteristics of the trips in each mode of commuting carried out by the
participants of the study. From a total of 180 trips (i.e., 10 possible trips per week by 18 adolescents), a
total of 115 trips (63.8%) to and from school were detected. Main reasons for the missing data were
that some devices were not worn the full day. These trips derived from the final sample, where there
was total of 18 participants (12 girls) who presented a similar age (both 15.0 + 0.1 yr). Regarding
their anthropometric characteristics, boys were taller than girls (boys = 172.9 + 5.9 cm; girls = 160.7
+ 5.3 cm, p < 0.001). Boys also displayed higher values than girls in weight (boys = 62.5 + 14.3 kg;
girls = 54.0 + 8.0 kg), waist circumference (boys = 74.1 £ 9.2 cm; girls = 65.7 £ 6.7 cm), and BMI
(boys = 21.3 + 3.4 kg/m?; girls = 21.1 + 3.5 kg/m?) (all p > 0.05).

Boys reported a higher percentage of trips walking (+4.4%), but a lower percentage of trips by
vehicle (—1.3%) and mixed transport (—2.8%) than girls. However, we observed no statistical differences
between the modes of commuting according to the gender (Chi-square; p = 0.857). Regarding the
physical characteristics of the trips, mixed transport trips accounted for a significant higher average of
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total distance (km) and increase and loss in elevation (m) than the walking and vehicle trips (p < 0.001
for all comparisons). Trips by vehicle, on the other hand, showed a significantly lower average of
total time (min) compared to trips in other modes of commuting (vehicle = 7.6 + 5.6 min vs walking
=19.7 + 9.7 min and mixed transport = 35.6 + 28.8 min; p < 0.001). Regarding time spent doing PA,
trips by mixed transport spent significantly more minutes in sedentary behavior (p = 0.11) and light
PA (p < 0.001), compared to trips by walking. Conversely, a significant greater average of minutes on
MVPA was found in the walking trips (walking = 11.4 + 6.4 min vs vehicle = 0.8 + 2.1 min; p < 0.001
and walking = 11.4 + 6.4 min vs mixed transport = 1.9 + 1.1 min, p = 0.001). Finally, walking trips also
showed a significant higher daily amount of METs/min (p < 0.001) and number of steps compared with
trips by vehicle or mixed transport (p < 0.001 and p = 0.004, respectively).

Table 1. Trip characteristics by modes of commuting (n = 115).

Modes of Commuting (1 = 115 Trips)

Trips Characteristics All Walking Vehicle Mixed
Participants *
Boys (n = 6, 33.3%) 42 (35.2) 22 (52.4) 16 (38.1) 4(9.5)
Girls (n =12, 66.7%) 73 (64.8) 35 (48.0) 29 (39.7) 9(12.3)
Physical characteristics (n=115) (n=57) (n =45) (n=13)
Total distance (Km) 3.1(5.6) 1.3 (0.61) 3.14.9) 11.6 (10.6) b
Total time (min) 16.8 (15.16) 19.7 (9.8) 7.6 (5.6) 35.6 (29.8) ab<
Elevation increase (m) 32.2(51.3) 16.2 (12.9) 32.7 (43.9) 101.3(103.8) <
Elevation loss (m) 34.8 (51.3) 21.7 (11.4) 314 (54.4) 104.6 (96.4) b<
PA during transport to school (total min) # (n=86) (n=47) (n=35) (n=4)
Sedentary (min) 4.3 (5.0) 3.1(2.8) 5.2 (6.3) 10.6 (6.6) P
Light PA (min) 42(4.1) 59 (4.6) 2 1.8 (1.6) 6.2 (2.0)
MVPA (min) 6.6 (7.1) 11.4 (6.4) P 0.8 (2.1) 1.9 (1.0)
Energy expenditure # (n=86) (n=47) (n=35) (n=4)
METs/min 25(1.2) 3.4(0.7)ab 1.4 (0.6) 1.7 (0.1)
Steps # (n=86) (n=47) (n=35) (n=4)
Total Steps (n°) 992.0 (1008.4) 1681.3(858.3)®  117.8(268.8)  540.2 (258.5)

PA, physical activity; MVPA, moderate-vigorous physical activity; min, minutes; * Mode of commuting is presented
as 1 (%); # Trip characteristics are presented as average (standard deviation) Chi-Square was used to compare the
modes of commuting by gender; One-way analysis to compare the modes of commuting by trip characteristics.
Bonferroni post hoc; P-value set at p < 0.05;  Difference between walking and vehicle (p < 0.05); ® Difference between
walking and mixed transport (p < 0.05); ¢ Difference between vehicle and mixed transport (p < 0.05).

Within all the trips, the percentages of time spent in sedentary behavior, light PA, and MVPA by
mode of commuting are shown in Figure 2. The highest percentage of sedentary time was observed in
trips by vehicle (66.6%) and by mixed transport (53.6%). In walking trips, the sedentary time was the
lowest (16.1%). Regarding light PA, the percentages were similar in all modes of transport (25-35%),
whereas the percentages of MVPA were entirely different in walking trips (54.5%) compared to trips by
mixed transport (11.6%) and vehicle (8.4%).
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Vehicle 25.07% . OSedentary
OLight PA
Mixed 34.83% -

0 20 40 60 80 100

EMVPA

Mode of commuting to/from school

Total time of all the trips (%)

Figure 2. Percentages of time spent in sedentary behavior, light PA, and MVPA in the total of the trips
to and from the school by mode of commuting. PA: Physical activity, MVPA: Moderate-to-Vigorous
Physical Activity.

The associations between the new variable of ACS (i.e., walking trips) with PA (sedentary, light
PA, and MVPA), energy expenditure (METs), and steps (n°) are shown in Figure 3. For PA variables,
no associations were found between ACS and light PA or MVPA (both p > 0.05). In the walking trips
objectively measured, there was less likely to spend minutes in a sedentary behavior (OR: 0.481, 95%
CI: 0.241-0.959, p = 0.038), they presented a higher increase on METs (OR: 5.497, 95% CI: 1.430-21.131,
p = 0.013) as well as a greater number of steps (OR: 1.004, 95% CI: 1.001-1.009, p = 0.029), than the
passive trips.

Sedentary time*— —g——
0.481 (0.241-0.959)

w
(=%
]
w
=
=
-1
bt
£ Light PA — —
T 1115 (0.719-1.840)
2
2 MVPA — i —
:s.f 1.596 (0.981-2.597)
5
= METs* — &
2 5497(1.430:21.131)
L*]
-1
= Steps* — ®
2 1.004 (1.001-1.009)
-Ea
[-W
T T T T T
0 1 2 4 8 16 32

0Odds Ratio

Figure 3. Associations of sedentary time, PA, energy expenditure, and steps with active commuting
to/from school trips. All analyses were controlled by Total PA time and elevation increase. Reference;
ACS trips, * p < 0.05.
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4. Discussion

The main findings of the present study were that walking trips objectively measured using GPS
were the main mode of commuting to and from school, as well as the mode with the largest amount of
MVPA (54.5%). In addition, in the walking trips youths were less likely to spend minutes in a sedentary
behavior, there was a higher increase on METs, and a greater number of steps than in the passive trips.

In the current study, walking was the main mode of commuting, accounting for 50% of the trips
to and from school. Similarly, in a study conducted from 2007 to 2008, 50% of adolescents displayed
ACS, mainly walking [25], whereas another study found that 60% of Spanish children aged 8-15 years
old showed ACS [26]. The differences between children and adolescents could be because children are
less independent than adolescents to choose the mode of commuting to school, since they are often
guided by their parents [26]. In addition, the difficulty to compare both studies should be noted, given
the different types of assessments conducted (i.e., GPS vs. self-reported questionnaires). Likewise,
a study [10] carried out in Portuguese adolescents (average age 15.9 + 1.1 years old) also measured
the mode of commuting by GPS and found that walking was the main mode of commuting to school
(68.8%), while bicycling was less usual (14.4%). The average home—-school walking trip distance in
this study was 0.9 km with a trip mean of duration of 14.5 min. In our study, we observed an average
distance of 1.3 km and an average of duration of 19.7 min in the walking trips. We did not include
cycling as a mode of commuting in our analysis, and therefore we could not compare these data with
those of other studies. The exclusion was based on several reasons. First, although preceding studies
discovered a 73% agreement between PALMS bicycling and SenseCamp trips [18], the percentages
of youth cycling to school in Spain were low (x1%) [27,28]. Secondly, in the Portuguese study, the
cycling trips were overestimated based on the same method to categorize trips, i.e., GPS and PALMS
software [10].

Regarding the association between PA and ACS trips, the main findings were that there were
no associations, but there were twice more likely to choose an active mode of commuting for every
minute less of sedentary time (p < 0.05). A previous systematic review [7] showed positive associations
between ACS and daily PA levels, but there are few studies analyzing the association only derived
from the PA generated by ACS journeys. A study [29] conducted in adolescents from New Zealand
(mean age = 15 years old) showed that fewer screens per household (OR: 0.53, 0.35-0.82) and meeting
screen time guidelines (OR 1.74: 1.22-2.50) were positively associated with ACS. However, it seems
that studies examining the relationship between sedentary time and PA behaviors, such as ACS, have
reported incongruous results [30].

Regarding energy expenditure, we observed that the highest mean of METs/min was presented
in walking trips (3.4 + 0.7 METs/min) compared to vehicle and mixed commuting modes. Moreover,
adolescents who chose ACS trips were 5 times more likely to have a higher increase on METs. Although
some studies have dedicated on evaluating total PA energy expenditure (PAEE) in adolescents [31,32],
the contribution of different daily activities, such as ACS, to total PAEE in adolescents is undetermined,
perhaps due to methodological problems in calculating PAEE in daily living situations [33]. In a
previous study conducted in Dutch adolescents [12], ACS contributed 15% to total PAEE, being a
stronger predictor of PAEE than of other daily activities, such as physical education class, leisure
time activities, sports, or work. In addition, a positive linear relationship was discovered between
the distance walked to and from school and MVPA, where children who performed trips to school of
3 km had higher overall daily MVPA. Furthermore, total PAEE (k]J/day) was significantly higher in
boys than in girls during school time (p < 0.05), according to heart rate and accelerometer data. In the
present study, there were no differences among gender (data not shown), and comparisons must be
drawn with caution due to difference in the methods used to quantify energy expenditure (i.e., we
estimated energy expenditure using an indirect formula by accelerometry).

Finally, we found that by every 100 additional steps per day, there is a 50% probability to perform
ACS trips. Moreover, the walking mode presented the greatest number of steps (mean = 1681 + 858),
corresponding to 17% of the daily recommendations, which for adolescents (boys and girls) may
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be associated with 60 min of MVPA [34]. In line with our findings, a study [13] conducted in New
Zealand adolescents observed significant differences in the number of steps between the different
modes of commuting. In this sense, active commuters who traveled on foot presented a total of
13,308 + 483 steps, being these 2300 daily steps more than the passive peers. However, in this study
the steps derived from commuting to and from school were not measured. Thus, comparisons between
results must be drawn with caution given the different methods used to measure the number of steps,
such as accelerometers or pedometers.

A relevant practical implication is to translate the mode of commuting into PA recommendations.
Walking trips to and from school contributed to a mean of 11.4 min on MVPA, corresponding to ~20%
of the daily recommendations in this population. Our results emphasize the important role that the
trip to/from school may have in youth to reach the recommended PA levels according guidelines,
and accomplishing health benefits. Thus, strategies aiming to increase this behavior are an appropriate
approach for increasing PA levels in this population [35]. However, to the best of our knowledge,
few studies used a combination of GPS, accelerometry, and PALMS software to objectively quantify the
PA generated by ACS. In the Portuguese study [10], a similar average of 12 min on MVPA was observed
during walking trips to and from school. Likewise, Southward et al. [36] detected approximately 11 min
of MVPA during home-school trips, whereas in the Voss et al. study [37] walking trips imply average
gains of 9.2 min of MVPA. The difference in MVPA time during school trips may be linked to characters
of the built environment (e.g., slope) as well as the measures used to assess ACS (e.g., interview,
questionnaires, GPS, etc.) or PA (e.g., accelerometry, questionnaires, etc.); hence further research is
needed. However, the translation of active commuting to commuting into PA recommendations should
be done with caution, since the sample is relatively small in our study. Additionally, as expected,
in this study vehicle trips presented the highest sedentary time (66.5%), followed by mixed transport
(53.5%). However, and interestingly, walking trips presented sedentary time (16%), while trips by
vehicle showed time on MVPA (8.3%). Several reasons could explain these findings; 1) the cut-off point
on the time of departure and arrival from home to school, taken from the diary filled by participants,
may not be an exact time since it was self-reported by participants. In this sense, it could be possible
that the hypothetical trip to and from the school included other activities (e.g., going down the home
stairs, running towards the vehicle or school, etc.); 2) The road while driving could be irregular, then,
the axis of the accelerometer could change position, quantifying that activity as MVPA. Consequently,
mixed and vehicle trips accounted for a higher increase and loss in elevation (m) average than the
walking trips in this study. Finally, it should be taken into account that although vehicle trips presented
a small percentage on MVPA, it is a very low rate (0.8 + 2.1 min).

The present cross-sectional study has some limitations. First, there is a lag between the GPS
connecting with satellites and when a person leaves a building. In addition, the GPS signal may also
be interrupted by buildings or tree cover [38]. Secondly, we are aware that there was a difference in
the sample frequency of the devices and that a frequency below 1 Hz was not reported to be valid in
different walking studies. Third, although this study includes a reduced sample size of participants
(i.e., n = 18), the data for analysis used has been the number of trips including a total of 115 trips to and
from school. The main strength was that, to the best of our knowledge, this is one of the first studies
using objective methods to classify trip modes in home—-school trips in a sample of Spanish adolescents.

5. Conclusions

Walking was the main mode of commuting to and from school in this study, reporting the largest
amount of MVPA (54.5%). Moreover, the active trips were less likely to spend minutes in sedentary
behaviors, showed a higher increase in METs, and greater number of steps than in passive trips. Thus,
ACS trips objectively measured using GPS could be an appropriate method to evaluate this behavior.
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Appendix A

Figure A1. Example of a participant wearing the accelerometer and GPS devices.
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