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Gender and academic year as moderators of the
efficacy of mobile app interventions to promote
physical activity in adolescents: a randomized
controlled trial

No previous study has analyzed the differences in the effectiveness of an intervention with mobile

applications, according to gender and academic year, on the level of physical activity, body

composition, and physical fitness of adolescents. For this reason, the aim of the present investi-

gation was to establish the differences in the change in level of physical activity, kinanthropometric

and derived variables, and fitness with an intervention to promote physical activity base on the use

of mobile applications in adolescents according to gender and academic year. A randomized

controlled trial was carried out with a 10-week intervention with mobile applications that was

promoted by the physical education department of the school. The final sample consisted of 400

adolescents (210 males and 190 females; mean age: 13.96 ± 1.21 years). A total of 240 adolescents

were placed in the experimental group, and 160 were placed in the control group. Physical activity,

body composition and physical fitness were measured before (pre) and after the intervention

(post). During the intervention, four apps were mandatory used by the adolescents (Strava, Pacer,

MapMyWalk, Pokémon Go) a minimum of three times a week. The distance to be traveled

increased weekly during the intervention. The control group did not use the apps but continued to

perform their physical activities as normal. The results showed that the use of mobile apps was

higher in females (p <0.001; 71.1% females vs 50.0% males) and adolescents in higher academic

year (p <0.001; 74.4% fourth academic year vs 53.8% first academic year). Moreover, the use of

the apps prevented the increase of variables related to fat accumulation (body mass index (BMI),

fat mass, sum 3 skinfolds, waist, and hips girths). Specifically, the differences between male and

female were significant in BMI (p <0.001; mean diff: −0.352), corrected calf girth (p=0.008;

mean diff: −0.498), fat mass (p=0.025; mean diff: 0.748), handgrip right (p=0.002; mean diff:

−1.359), handgrip left (p=0.002; mean diff: −1.103), and countermovement jump (p=0.002;

mean diff: −2.456), while when considering academic year, differences were significant in height

(p <0.001–0.044; mean diff: −1.099 to −0.509), sum of 3 skinfolds (p=0.046–0.047; mean

diff: −3.255), waist girth (p=0.048; mean diff: 0.584), hip girth (p <0.001–0.008; mean diff:

−1.461 to −0.777), corrected calf girth (p=0.019–0.029; mean diff: −0.539 to −0.482), and fat

mass (p=0.025–0.046; mean diff: 1.011 to −1.392). It can be concluded that mobile apps can be
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a great alternative to promote the practice of physical activity, decrease of fat variables, and

improve some physical fitness variables, especially in females and adolescents in higher academic

year. As a consequence of the above, gender and academic year should be considered in future

interventions with mobile apps, as the effects in kinanthropometric and derived variables, and

fitness and the follow-up of the intervention by adolescents may be different depending on these

factors. The research protocol was registered prior to the start of the study in ClinicalTrials.gov

(code: NCT04860128), under the name “New technologies as a tool for health promotion in

schoolchildren of compulsory secondary education”. https://clinicaltrials.gov/ct2/show/

NCT04860128?term=NCT04860128&draw=2&rank=1.
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Introduction

The decrease in the practice of physical activity and the
increase in sedentary activities in the adolescent population
have become one of major public health problems in recent

years (Farooq et al. 2020; Pechtl et al. 2022). After the COVID-19
pandemic, which greatly reduced the physical activity practiced
by adolescents (Kim et al. 2022), previous levels of physical
activity have not been recovered (Tapia-Serrano et al. 2022),
triggering negative consequences on the health of this population
(Ilesanmi et al. 2021). Thus, it was shown that up to 50% of
adolescents who met the physical activity recommendations of
the World Health Organization (WHO) before the pandemic
decreased their level of physical activity below the recommen-
dations during the pandemic (Bronikowska et al. 2021), and
>10% of adolescents did not recover their pre-pandemic level of
physical activity (Tapia-Serrano et al. 2022).

This physical inactivity was found to be related to other
unhealthy behaviors during the pandemic, such as reduced intake
of fruits and vegetables (López-Bueno et al. 2020), decreased
hours of sleep (López-Bueno et al. 2020), increased hours of
gaming video games (Haug et al. 2022), or a lower health-related
quality of life (Nobari et al. 2021). In addition, two of the aspects
that have been most affected by physical inactivity have been
kinanthropometric variables, with an increase in variables related
to fat mass (Karatzi et al. 2021; Rúa-Alonso et al. 2022), and the
physical condition of adolescents, with a decrease in cardior-
espiratory capacity and muscular fitness (López-Bueno et al. 2021;
Rúa-Alonso et al. 2022), which has had a negative impact on their
development from the point of view of achieving healthy lifestyle.

Kinanthropometric variables are fundamental during adoles-
cence, as they are related to the prevalence of suffering certain
chronic diseases later in life (Going et al. 2011; Weihrauch-Blüher
et al. 2019). Thus, previous research has shown that adolescents
with a high fat percentage have a higher risk of suffering from
cardiovascular diseases (Going et al. 2011); while obese adoles-
cents have a high probability of remaining obese during adult-
hood, increasing the risk of suffering cardiovascular and
metabolic diseases, as well as different types of cancer (Weih-
rauch-Blüher et al. 2019). In addition to its influence on the
posterior development of adolescents, kinanthropometric vari-
ables have been found to be related to performance in certain
fitness tests, such as standing broad jump, sit-ups, or squats, with
adolescents with higher fat-free mass and lower fat mass showing
better performance (Kasović et al. 2022).

This relationship between kinanthropometric variables and
fitness makes the latter a determining factor for adolescents.
Furthermore, it should be noted that adolescents with better fit-
ness have better cognitive performance, and this acts as a med-
iator in school vulnerability (Lemes et al. 2021), which is therefore
important for the overall health of the adolescent population. On
the other hand, regarding the risks of suffering diseases, a low
level of fitness is related to a higher risk of inflammatory bowel
disease (Melinder et al. 2015), as well as a higher risk of coronary
heart disease (Bergh et al. 2015), so that the maintenance of
adequate fitness during adolescence also has an impact on later
stages of life.

To avoid this decrease in physical activity in the adolescent
population (Pechtl et al. 2022), as well as its negative effects on
kinanthropometric variables and fitness (Rúa-Alonso et al. 2022),
numerous intervention programs have been carried out to
increase the level of physical activity in this population (Böhm
et al. 2019; van de Kop et al. 2019). Thus, school-based inter-
ventions to promote physical activity have acquired special rele-
vance, being effective in those carried out in and outside the
classroom (Burns et al. 2017; Hartwig et al. 2021). The duration of
these interventions varies in terms of months (2 to 20), but they

have been shown to be effective in improving enjoyment during
physical activity (Burns et al. 2017), as well as in improving
cardiorespiratory capacity and increasing the level of physical
activity of the participants (Hartwig et al. 2021). In addition,
interventions promoted from the school setting are important
(van de Kop et al. 2019), as they generate a greater adherence to
the physical activity program, especially when they include an
academic reward, for example, in the physical education academic
scores (Hardman et al. 2011). In this sense, females may be more
interested in these interventions, as they are generally more
concerned about academic performance than males
(Marcenaro–Gutierrez et al. 2018).

Similarly, interventions to promote physical activity that
include electronic devices have shown promising results (Böhm
et al. 2019), as they are already fully integrated into the daily lives
of adolescents and facilitate program monitoring (Lee et al. 2019).
These interventions have included different technological devices
such as web-based, text messages, or smartphone apps (Böhm
et al. 2019), with mobile applications being the most common
interventions in this area (Mateo-Orcajada et al. 2023b). How-
ever, physical activity interventions using mobile devices in out-
school time have shown effectiveness in promoting physical
activity at the beginning of the intervention (Yerrakalva et al.
2019), achieving notable benefits in the variables of physical fit-
ness and body composition (Mateo-Orcajada et al. 2023a), but as
the weeks progress, adherence to the intervention decreases (Shin
et al. 2019), resulting in very small effects on physical activity and
changes in body composition and fitness at the end of the
intervention (Mateo-Orcajada et al. 2023b).

Considering the effectiveness of physical activity interventions
with mobile applications in out-school time(Shin et al. 2019),
especially when they include an academic reward from the subject
of physical education (Hardman et al. 2011), one of the most
recent lines of research includes the promotion of out-school
physical activity in the school environment through mobile step
tracker applications (Gil-Espinosa et al. 2020; Mateo-Orcajada
et al. 2023a). A similar series of steps have been followed in this
type of research, and these steps have been, before starting the
intervention, instructed the adolescents on how to use the
selected mobile apps (Gil-Espinosa et al. 2020; Mateo-Orcajada
et al. 2023a); after that, told the adolescents how far they had to
walk each week, with the distance being incremental from the first
to the last week, monitoring the steps taken each week by each
student (Mateo-Orcajada et al. 2023a). The physical education
teachers offered an academic reward to those who completed the
physical activity program during the planned time (Gil-Espinosa
et al. 2020; Mateo-Orcajada et al. 2023a). All these measures were
effective in maintaining adherence for a large proportion of the
adolescents who started the intervention, showing positive results
in terms of increases in physical activity out-school and changes
in kinanthropometric and fitness variables (Mateo-Orcajada et al.
2023a).

However, the available scientific evidence is scarce, and among
the aspects that remain to be investigated in this area are the
differences in the effectiveness of these programs on the level of
physical activity, kinanthropometric variables, and fitness, as a
function of gender and the academic year of the adolescents. This
is especially relevant because previous research has shown sig-
nificant differences in the practice of physical activity between
males and females, with males practicing to a greater extent
(Bann et al. 2019), as well as between older and younger ado-
lescents, with a decrease in the practice of physical activity as
adolescence progresses (Dumith et al. 2011). Also mobile phone
use differs between gender, with females (Nagata et al. 2022) and
older adolescents (Dahlgren et al. 2021) using these devices to a
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greater extent. In addition, differences have also been found
regarding the use of new technologies, with females using them
more for social media, while males consume more video games
(Leonhardt and Overå 2021). However, in the field of mobile
applications, there is no certain conclusion, as previous research
has shown that females use step tracker apps to a greater extent
than males (Gulec and Smahel, 2022), while in other studies, no
differences were found in the use of these types of mobile
applications (Elavsky et al. 2017).

In addition to the differences found in the practice of physical
activity and the use of mobile phones between males and females,
as well as between older and younger adolescents, it should be
added that none of the previous studies with mobile applications
that analyzed gender differences was promoted from the field of
education, which would mean losing a very valuable resource for
facilitating the involvement of the adolescent population.
Therefore, the aims of the present study were (a) to determine the
existence of differences in the use of step tracker mobile appli-
cations to increase physical activity promoted from the physical
education subject, according to the gender and academic year of
the adolescents; (b) to establish the efficacy of mobile apps
interventions to promote physical activity in the level of physical
activity, kinanthropometric and derived variables, and the fitness
depend on gender; and (c) to establish the efficacy of mobile app
interventions to promote physical activity in the level of physical
activity, kinanthropometric and derived variables, and the fitness
depend on academic year.

Based on the lack of previous studies in this area, and with the
present study being novel, it could not be hypothesized whether
females will use step tracker apps to a greater extent than males
due to their greater use of mobile devices or the influence of the
intervention on their academic achievement or, on the contrary, if
males will use the apps to a greater extent because they tend to
regularly practice more extracurricular physical activity than
females. Similarly, it is not known whether adolescents in higher
academic grades will use apps to a greater extent due to their
greater use of mobile phones or, on the contrary, if adolescents in
lower grades will use apps to a greater extent due to the greater
practice of regular physical activity. Therefore, the results
obtained from this research will be pioneering, and will con-
tribute to a line of research of great relevance in the use of mobile
apps in the adolescent population.

Material and methods
Design. A randomized controlled trial (RCT) was carried out
with an experimental group and a control group that were
measured on two moments (pre- and post-test measurements).
These measurements were separated by a period of 10 weeks in
which participants in the experimental group used one of the
mobile applications selected for the study (Strava, Pacer, Map-
MyWalk, and Pokémon Go). Adolescents were required to use
the apps a minimum of 3 times per week, completing a target
distance each day, which increased over the weeks (week 1,
7000 steps per day; week 10, 12,500 steps per day). Participants in
the control group did not use the mobile apps, but continued to
attend physical education classes, as well as performing their
physical activity routine as normal. The variables measured in
both groups were physical activity level, kinanthropometric
variables, and fitness variables.

The study design was performed following the Consolidated
Standards of Reporting Trials (CONSORT) guidelines (Schulz
et al. 2011). Prior to the start of the study, the ethics committee of
the Catholic University of San Antonio of Murcia approved the
study design (code: CE022102), and the recommendations from
the Declaration of Helsinki were followed throughout the study.

The research protocol was registered prior to the start of the study
in ClinicalTrials.gov (code: NCT04860128). The study took place
at the participating adolescents from December 2021 to
June 2022.

Participants. The sampling was non-probabilistic by con-
venience, with the adolescents belonging to two compulsory
secondary schools with the largest number of students in their
localities (more than 200 students per school). The compulsory
secondary schools with the highest number of students in two
different locations in the Region of Murcia were contacted. If they
had declined the invitation, the next compulsory secondary
school with the most students in the locality would have been
contacted, but this was not necessary as both compulsory sec-
ondary schools agreed to participate in the research. After
receiving approval from the compulsory secondary school, an
informative meeting was held with the physical education tea-
chers and, subsequently, another meeting was held with the
adolescents and their parents, where they were informed of the
procedure and the aims of the research. Participation was
voluntary for all the adolescents, who provided informed consent
signed by them and their parents prior to the start of the study.

The sample size and power calculation were performed using
the statistical software Rstudio 3.15.0 (Rstudio Inc., USA), and
using the standard deviations from previous research conducted
with mobile applications in adolescents to increase the level of
physical activity measured with the physical activity questionnaire
for adolescents (SD= 0.66) (Direito et al. 2015). The significance
level was set at α= 0.05 and a power of 95% (1–β= 0.95). Thus,
for an estimated error (d) of 0.07 and a confidence interval of
95%, a minimum sample of 370 adolescents was required to
conduct the study.

A total of 873 adolescents were potentially eligible for the
study, but the final participation was 400 adolescents in
compulsory secondary education (210 males and 190 females)
aged between twelve and sixteen years (mean age: 13.96 ± 1.21
years). The sample selection flowchart is shown in Fig. 1.

The sample inclusion criteria were (a) enrollment in compul-
sory secondary education; (b) aged between twelve and sixteen
years old; (c) participating in the pre- and post-test measure-
ments; and (d) not presenting any disease or disability that
prevented the completion of the tests and measurements
performed. With respect to the exclusion criteria: (a) not having
their own cell phone and not having one that could be used on a
regular basis; (b) changing or leaving the compulsory secondary
school; (c) not attending at least 80% of the physical education
sessions scheduled for the academic year; (d) starting any type of
physical activity during the intervention that was not performed
before the start of the study, understand this as starting to
practice a specific sport or going to the gym, not increasing of
walking or running, since this is the aim of the research; and (e)
abandoning any type of physical activity that was being carried
out prior to the start of the study.

Randomization and blinding. The principal investigator carried
out the randomization process using a computer-generated ran-
dom number table in the presence of other uninvolved investi-
gators. All students in the same class in each school center were
assigned to the same mobile application group given by the
randomization. School classes were randomly assigned to parti-
cipate as intervention or control classes using a cluster rando-
mized design (Christie et al. 2009). For intervention classes, a
second randomization was performed to assign them to the
application to be used (Strava, Pacer, MapMyWalk, Pokémon
Go). Because of this, there were small differences in the initial
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sample size of each intervention group. There was no need to
randomize the use of the applications according to gender, since
the number of males and females per class group was equal, and
the sample of males and females in each application was similar.

The control classes were asked to continue performing physical
education classes as normal, and those classes were offered the
intervention after the final data collection. Baseline measures were
conducted after randomization. All meters were blinded to the
group to which each individual belonged, as well as to the
individual’s ratings in the previous measurement. Group assign-
ment was concealed from the investigator who analyzed each
participant’s compliance with the inclusion and exclusion criteria.

Instruments
Physical activity measurement. The “Physical Activity Ques-
tionnaire for Adolescents” (PAQ-A) (Kowalski et al. 2004) was
used to determine the level of physical activity of the adolescent
population. This questionnaire is composed of nine items, the

first eight of which are answered with a Likert scale of 1 to 5
points (1 low level of physical activity, 5 high level of physical
activity), and the last item is dichotomous to determine whether
something prevented the regular practice of physical activity in
the last week. This questionnaire has been previously validated in
Spanish and has an intra-scale correlation coefficient of 0.71 for
the final score (Martínez-Gómez et al. 2009). This instrument
allows the establishment of a final physical activity score with the
arithmetic mean of the scores of the first eight items.

Kinanthropometric and derived variables measurement. Following
the protocol established by the International Society for the
Advancement of Kinanthropometry (ISAK) (Esparza-Ros et al.
2019), accredited anthropometrists (levels 2–4) measured the
kinanthropometric variables of the adolescents: three basic mea-
surements (body mass, height and sitting height), three skinfolds
(triceps, thigh, and calf) and five girths (relaxed arm, waist, hips,
thigh, and calf). The following derived variables were calculated
from these measurements: BMI (body mass/height2), muscle

Fig. 1 Sample selection flowchart.
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mass (Poortmans et al. 2005), fat mass (Slaughter et al. 1988),
Σ3 skinfolds (triceps, thigh, and calf), waist-to-hip ratio (waist
girth/hips girth), and corrected girths of the arm [arm relaxed
girth – (π * triceps skinfold)], thigh [middle thigh girth – (π *
thigh skinfold)], and calf [calf girth – (π * calf skinfold)].

Two measurements were taken for each of the variables
mentioned, a third measurement being necessary when the
difference between the first two was >5% in the folds and 1% in
the rest of the measurements. The final value corresponded to the
mean when two measurements were taken, and to the median
when three measurements were taken (Esparza-Ros et al. 2019).

The same anthropometrist measured all variables belonging to
the same study participant. The technical error of measurement
(TEM) was calculated in a subsample, with the intra-evaluator
TEM being 0.02% for basic measurements, 1.21% for skinfolds,
and 0.04% for girths. The inter-evaluator TEM was 0.03% for
basic measurements, 1.98% for skinfolds, and 0.06% for girths.

For the measurements, an inextensible tape, Lufkin W606PM
(Lufkin, Missouri), with a 0.1 cm accuracy, was used to measure
girths; a skinfold caliper (Harpenden, Burgess Hill, UK), with an
accuracy of 0.2 mm for skinfolds; a TANITA BC 418-MA
Segmental scale (TANITA, Tokyo), with an accuracy of 100 g for
body mass; and a SECA 213 stadiometer (SECA, Hamburg) with
an accuracy of 0.1 cm for height and sitting height. All the
instruments were calibrated and validated prior to use.

Physical fitness measurement. Following the protocol from pre-
vious research (Mateo-Orcajada et al. 2023a), the cardior-
espiratory capacity of adolescents was measured using the 20-m
shuttle run test (Léger et al. 1988). This test consists of running a
distance of 20 meters following a sound signal as many times as
possible before reaching exhaustion. Finally, the maximum oxy-
gen consumption (VO2 max.) was calculated using Léger’s for-
mula (Léger et al. 1988).

Upper limb strength was assessed using the handgrip strength
test (Matsudo et al. 2014), by performing the maximum possible
force on a Takei Tkk5401 digital handheld dynamometer (Takei
Scientific Instruments, Tokyo, Japan) with the adolescents’ arm
fully extended, as this is the optimal position for applying the
maximum force (España-Romero et al. 2010).

Explosive lower limb strength was assessed using the counter-
movement jump (CMJ). This test assesses the height of a
maximum vertical jump with the hands placed on the hips and in
which the legs are kept fully extended during the flight phase. The
adolescents start in the standing position and flex their knees at
90°, followed by an extension at maximum speed to perform the
jump. A force platform with a sampling frequency of 200 Hz
(MuscleLab, Stathelle, Norway) was used for its execution (Barker
et al. 2018).

Abdominal strength and endurance were assessed using the
curl-up test. For this, the adolescents were laid in the supine
position, with their knees bent at 90° and their feet fully
supported on the floor. With their hands crossed on their chest,
the adolescents had to perform the greatest number of trunk
flexions, which were valid when the upper back was no longer in
contact with the floor (Garcia-Pastor et al. 2016).

Four researchers experienced in measuring physical fitness
tests were in charge of overseeing and evaluating the same test
during the pre- and post-test measurements, thus avoiding inter-
rater error.

Procedure. The protocol from previous research conducted with
mobile applications in adolescents was followed in the present
study (Mateo-Orcajada et al. 2023a). First, the PAQ-A ques-
tionnaire was completed; then kinanthropometric measurements

were taken; the adolescents were familiarized with the correct
execution of the handgrip strength test, CMJ, and curl-up test; a
progressive warm-up with joint mobility was performed, followed
by the handgrip strength, CMJ, and curl-up tests; and a single
repetition of the 20-m shuttle run test was performed.

Two repetitions of each test were performed, with the order in
which each adolescent performed the tests being randomized and
choosing the best value obtained, except for the 20-m shuttle run
test, which was performed by all adolescents only once at the end
of the session. This is a maximal incremental test that ends with
the participant’s exhaustion. Therefore, to prevent the fatigue
generated by this test from influencing the results of the rest of
the tests, it was performed only once. For the rest of the fitness
tests, two minutes of rest were left between each repetition of the
same test, as well as five minutes of rest between different tests,
following the recommendations of the National Strength and
Conditioning Association (NSCA) (Coburn and Malek, 2014),
based on the fatigue generated by the different tests, as well as the
metabolic demands required to perform each test. This same
criterion has been used in previous research with adolescents
(Albaladejo-Saura et al. 2022; Mateo-Orcajada et al. 2023a).

Mobile application intervention. All participants in the experi-
mental group were assigned to one of the mobile applications
groups, all of which had similar characteristics and the aim of
increasing the physical activity of the adolescents (Strava®,
Pacer®, MapMyWalk®, and Pokémon Go®). A total of 260 ado-
lescents started in the intervention group (Strava: n= 75; Pacer:
n= 63; MapMyWalk: n= 60; Pokémon Go: n= 62) and 161 in
the control group, ending the research a total of 240 in the
intervention group (Strava: n= 74; Pacer: n= 60; MapMyWalk:
n= 47; Pokémon Go: n= 59) and 160 in the control group.

Prior to the start of the intervention, the adolescents in the
experimental groups received a talk explaining the use of the
applications, how to create a user in the applications, and how to
check the distance traveled each day. In addition, these
adolescents were informed that they were going to receive an
academic reward in physical education subject if they used the
mobile applications after-school hours during the 10-week
period.

The mobile apps were selected because they included
numerous behavior change techniques, which are the most
optimal for increasing physical activity (Bondaronek et al. 2018).
These applications were characterized by promoting the practice
of physical activity through an easy-to-use interface in which
users only had to activate the recording of distance or steps when
they started walking and end the recording when they finished,
except in Pokémon Go in which the distance was automatically
recorded. Strava®, Pacer®, and MapMyWalk® are apps that act as
pedometers, so they count the steps/distance traveled with the use
of these, including motivational messages and reminders to
perform physical activity. However, Pokémon Go® is a video
game that, since its launch, has acquired great relevance in the
promotion of physical activity (Khamzina et al. 2020). The game
consists of walking through urban or rural areas while Pokémon
appear on the screen of the mobile phone, which can be captured
by players. Depending on the area being walked through, the
Pokémon that appear are different. In addition, the game includes
rewards as you walk, which encourages its use.

The intervention lasted 10 weeks, in which the adolescents
were instructed to use the mobile app after-school hours a
minimum of three times a week. A total of 5000 steps a day, or
3.19 km, considering that one kilometer corresponds to
~1565 steps in the adolescent population aged 12–16 years
(Morency et al. 2007), was the minimum distance needed to stop
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being considered physically inactive (Lubans et al. 2015).
Therefore, an intervention was proposed in which adolescents
were required to use the mobile app three times per week to walk
a distance of 7000 steps, or 4.57 km, each time they used the app
in the first week, which was progressively increased each week
until reaching a total of 12,520 steps, or 8 km at the end of the
intervention (week 10), which is the minimum recommended
distance for adolescents to achieve moderate-vigorous physical
activity (Adams et al. 2013). The weekly increase in the distance
to be covered was indicated by the physical education teachers
who collaborated in the research, who were previously informed
by the responsible researchers. The intervention was promoted
from the physical education school subject of the compulsory
secondary schools that decided to participate. Thus, this
intervention was included as an activity that was part of the
school subject.

The adolescents in the experimental group who did not
complete the entire distance to be covered each week were not
excluded from their respective groups, since they continued to be
part of the research group, and post-test measurements were
taken.

The adolescents in the control group did not use any mobile
application and continued to attend physical education classes
and perform their usual physical activities as normal.

Data analysis. The normality of the data was analyzed using the
Kolmogorov-Smirnov statistical test, as well as skewness, var-
iance, and kurtosis. As all the variables had a normal distribution,
parametric tests were used for their analysis. The mean and
standard deviation (mean ± standard deviation) were used as
descriptive statistics. The chi-square statistic (χ2) was used to find
the differences in the use of mobile applications according to the
gender and academic year of the adolescents. The corrected
standardized residuals were used to determine significance,
establishing ±1.96 as the reference value. Cramer’s V was used for
the post-hoc comparison of the 2 × 2 tables, and the contingency
coefficient was used in the 2×n tables, to obtain the statistical
value. The maximum expected value was 0.707; r < 0.3 indicated a
low association; r < 0.5 indicated a moderate association; and
r > 0.5 indicated a high association (Cramér, 1946). A one-way
ANCOVA was performed to find the differences in the pre- and
post-test measurements of the study variables as a function of the
use of the mobile applications, including the moderators gender
and academic year. A moderator is understood as a variable that
modifies the form or strength of the relationship between an
independent variable and a dependent variable (MacKinnon,
2011). Subsequently, two MANOVAs were performed, allowing
the first to find the differences in the study variables between the
pre- and post-test measurements as a function of the use of the
mobile applications and gender; while the second included the
use of the mobile applications and academic year. A subsequent
Bonferroni post-hoc analysis established the significant differ-
ences between the groups. Partial eta squared (η2) was used to

calculate the effect size and was defined as small: ES ≥ 0.10;
moderate: ES ≥ 0.30; large: ES ≥ 1.2; or very large: ES ≥ 2.0, with
an error of p < 0.05 (Hopkins et al. 2009). A value of p < 0.05 was
set to determine statistical significance. The statistical analysis was
performed with the SPSS statistical package (v.25.0; SPSS Inc., IL).

Results
Table 1 shows the differences in the use of mobile apps according
to gender and academic year. The results indicate that females
used mobile applications to a large extent, while for males, the
number of adolescents who used mobile apps was similar to those
who did not use them (p < 0.001). With respect to the academic
year, it was in the third and fourth year that a greater number of
users were found, while in the first and second year, the numbers
of users and non-users were similar (p < 0.001). The corrected
standardized residuals were significant by gender (−4.1/4.1) and
by academic year (−1.7/1.7 to −3.1 /3.1).

The differences between the pre-post values of the study
variables after the intervention with mobile apps are shown in
Table 2. Thus, the experimental group showed a significant
change in all the variables after the intervention, except for sitting
height (p= 0.829) and waist girth (p= 0.759). In contrast, the
control group showed no changes in physical activity level
(p= 0.753), sitting height (p= 0.866), the sum of three skinfolds
(p= 0.444), waist girth (p= 0.146), fat mass (p= 0.284), CMJ
(p= 0.438), and curl-up (p= 0.059). In addition, it should be
noted that significant differences were found in both groups in
these variables with the inclusion of the moderators gender and
academic year. Thus, when considering the moderator gender,
significant differences were found in BMI (p < 0.001), corrected
calf girth (p= 0.008), fat mass (p= 0.025), handgrip right
(p= 0.002) and left arm (p= 0.002), and CMJ (p= 0.005); while
when considering the moderator academic year, the differences
were significant in height (p < 0.001), sum of 3 skinfolds
(p= 0.046), waist girth (p= 0.048), hip girth (p < 0.001), cor-
rected calf girth (p= 0.019), and fat mass (p= 0.025).

Figure 2 shows the Bonferroni post-hoc analysis of the study
variables that showed significant differences when considering the
use of mobile apps and gender. There was a significant increase in
BMI in males, regardless of the use of mobile apps
(p= 0.009–0.014), but not in females, as those who used mobile
apps did not show a significant increase in this variable
(p= 0.238). As for the corrected calf girth, differences were found
only in the males in both the intervention (p= 0.011) and control
(p= 0.008) groups. With respect to fat mass, there was a sig-
nificant decrease in the group of males who used mobile apps
(p= 0.025). Regarding the handgrip strength test, there was a
significant increase in the score obtained in the two arms in the
males of the intervention (p < 0.001–0.011) and control
(p= 0.002) groups, but this increase was only observed in females
of the intervention group (p= 0.005–0.011). And with respect to
the CMJ score, a significant improvement was only observed in
the males of the experimental group (p= 0.002).

Table 1 Differences in the use of mobile apps between adolescents according to gender and academic year.

Variable Group App use Adj. res. use/not use app χ2; p Contingency coefficient/Cramer’s V

Yes (N= 240) No (N= 160)

Gender Male 105 (50.0%) 105 (50.0%) −4.1/4.1 16.558; <0.001 0.203
Female 135 (71.1%) 55 (28.9%) 4.1/−4.1

Academic Year 1° 77 (53.8%) 66 (46.2%) −1.7/1.7 19.179 <0.001 0.214
2° 35 (44.3%) 44 (55.7%) −3.1/3.1
3° 70 (70.0%) 30 (30.0%) 2.2/−2.2
4° 58 (74.4%) 20 (25.6%) 2.7/−2.7
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Table 2 Pre- and post-test values of the study variables according to the use of mobile apps.

Descriptors (M ± SD) App use × gender App use × academic year

Variable App use Pre-test Post-test Mean diff. p Effect size F p Effect size F p Effect size

Physical activity level Yes (n= 240) 2.63 ± 0.67 2.80 ± 0.60 −0.170 <0.001 0.052 8.691 0.053 0.021 9.812 0.072 0.024
No (n= 160) 2.72 ± 0.68 2.70 ± 0.74 0.014 0.753 0.001

Body mass (kg) Yes (n= 240) 55.47 ± 12.81 56.39 ± 12.64 −0.918 <0.001 0.126 0.123 0.726 0.001 0.419 0.181 0.001
No (n= 160) 52.47 ± 10.65 53.39 ± 10.57 −0.925 <0.001 0.089

Height (cm) Yes (n= 240) 162.91 ± 9.12 163.65 ± 9.03 −0.738 <0.001 0.109 1.809 0.473 0.005 0.962 <0.001 0.002
No (n= 160) 160.87 ± 8.75 161.52 ± 8.70 −0.645 <0.001 0.059

BMI (kg/m2) Yes (n= 240) 20.85 ± 3.83 20.98 ± 3.70 −0.124 0.009 0.017 2.131 0.001 0.005 0.675 0.412 0.002
No (n= 160) 20.19 ± 3.33 20.43 ± 3.22 −0.236 <0.001 0.041

Sitting height Yes (n= 240) 84.89 ± 9.21 85.13 ± 9.28 −0.234 0.829 0.001 0.169 0.681 0.001 0.006 0.939 0.001
No (n= 160) 82.17 ± 14.99 81.95 ± 17.07 0.222 0.866 0.001

Sum of three skinfolds Yes (n= 240) 52.08 ± 26.96 50.22 ± 24.35 1.855 0.002 0.025 2.271 0.133 0.006 2.052 0.046 0.005
No (n= 160) 44.87 ± 23.71 44.32 ± 22.85 0.554 0.444 0.002

Waist girth Yes (n= 240) 68.50 ± 8.73 68.55 ± 8.38 −0.044 0.759 0.001 0.909 0.341 0.002 0.493 0.048 0.001
No (n= 160) 67.49 ± 7.03 67.75 ± 7.13 −0.259 0.146 0.005

Hip girth Yes (n= 240) 89.41 ± 9.15 90.35 ± 8.68 −0.937 <0.001 0.094 2.743 0.098 0.007 1.078 <0.001 0.003
No (n= 160) 86.22 ± 7.69 87.50 ± 7.59 −1.280 <0.001 0.113

Waist-to-hip ratio Yes (n= 240) 0.77 ± 0.05 0.76 ± 0.05 0.007 <0.001 0.078 0.358 0.550 0.001 0.141 0.708 0.001
No (n= 160) 0.78 ± 0.05 0.77 ± 0.05 0.009 <0.001 0.068

Corrected arm girth (cm) Yes (n= 240) 20.90 ± 2.79 21.31 ± 2.70 −0.411 <0.001 0.099 0.055 0.815 0.001 0.116 0.734 0.001
No (n= 160) 20.73 ± 2.69 21.12 ± 2.62 −0.382 <0.001 0.059

Corrected thigh girth (cm) Yes (n= 240) 39.19 ± 4.68 40.14 ± 4.56 −0.944 <0.001 0.096 3.403 0.066 0.009 4.401 0.057 0.011
No (n= 160) 39.23 ± 5.10 39.68 ± 4.15 −0.451 0.013 0.016

Corrected calf girth (cm) Yes (n= 240) 28.95 ± 3.46 29.32 ± 2.85 −0.368 0.003 0.023 0.278 0.008 0.001 0.130 0.019 0.001
No (n= 160) 28.68 ± 2.69 29.18 ± 2.61 −0.497 0.001 0.027

Fat mass (%) Yes (n= 240) 22.77 ± 10.42 22.17 ± 9.80 0.606 0.006 0.019 1.153 0.025 0.003 0.729 0.025 0.002
No (n= 160) 20.08 ± 9.95 19.79 ± 9.75 0.293 0.284 0.003

Muscle mass (kg) Yes (n= 240) 18.03 ± 4.99 18.73 ± 5.03 −0.698 <0.001 0.145 2.765 0.097 0.007 2.629 0.106 0.007
No (n= 160) 18.24 ± 4.64 18.71 ± 4.40 −0.472 <0.001 0.048

VO2 max. (ml/kg/min) Yes (n= 240) 38.04 ± 4.87 39.09 ± 5.70 −1.050 <0.001 0.073 3.654 0.057 0.011 0.549 0.459 0.002
No (n= 160) 38.57 ± 5.02 39.26 ± 5.12 −0.686 0.006 0.021

Handgrip right arm (kg) Yes (n= 240) 24.49 ± 7.63 25.97 ± 8.27 −1.481 <0.001 0.060 3.071 0.002 0.008 0.953 0.329 0.002
No (n= 160) 24.39 ± 7.24 25.27 ± 8.49 −0.875 0.015 0.015

Handgrip left arm (kg) Yes (n= 240) 23.00 ± 7.11 23.83 ± 7.41 −0.830 <0.001 0.031 0.453 0.002 0.001 2.932 0.088 0.007
No (n= 160) 23.18 ± 6.74 23.87 ± 7.93 −0.688 0.014 0.015

CMJ (cm) Yes (n= 240) 21.99 ± 7.35 23.26 ± 7.98 −1.262 0.015 0.015 1.670 0.005 0.004 0.973 0.324 0.002
No (n= 160) 22.04 ± 7.55 22.53 ± 9.42 −0.487 0.438 0.002

Curl-up (number) Yes (n= 240) 20.43 ± 11.49 24.39 ± 10.67 −3.953 <0.001 0.075 3.473 0.063 0.009 2.299 0.130 0.006
No (n= 160) 20.33 ± 11.31 21.94 ± 11.93 −1.614 0.059 0.009

BMI body mass index, VO2 max, maximum oxygen consumption, CMJ countermovement jump.
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The Bonferroni post-hoc analysis of the study variables that
showed significant differences as a function of mobile app use and
academic year is shown in Fig. 3. It is noteworthy that height
increased significantly in all academic years of the experimental
(p < 0.001–0.023) and control (p < 0.001–0.044) groups, except in
the fourth year of both groups (p= 0.133–0.247). In addition, the
differences in the sum of 3 skinfolds and fat mass were only
significant in the fourth-year students, with this variable increas-
ing in the control group (p= 0.046; p= 0.046) and decreasing in
the experimental group (p= 0.047; p= 0.025) after the interven-
tion. Similarly, the fourth-year group that used the mobile appli-
cations showed a significant decrease in waist girth (p= 0.048)
and was the only one that did not show a significant increase in
hip girth (p= 0.475). Furthermore, corrected calf girth increased
significantly in all intervention groups (p= 0.019–0.029), except in
the fourth-year group (p= 0.738), while the control groups did
not show significant changes (p= 0.056–0.807).

Discussion
The first aim of the present investigation was to determine the
existence of differences in the use of mobile applications pro-
moted from the physical education school subject according to
the gender and academic year of the adolescents. The results
showed that females used the applications to a greater extent than
males, as did third- and fourth-year students, as compared to
first- and second-year ones. Previous scientific literature does not
provide consistent conclusions in this regard, as the research
shows that females use m-Health apps to track physical activity
more frequently (Gulec and Smahel, 2022), while other studies
show no differences in the use of apps for physical activity
between males and females (Elavsky et al. 2017). One possible
explanation for these results could be that the practice of physical
activity differs between males and females, with males spending
more time and practicing a greater number of sports during after-
school hours (Mateo-Orcajada et al. 2021), so that females have
more time available to practice physical activity through the use
of mobile apps. In addition, a novelty of this study is that it
analyzes gender differences in the results obtained with a step
tracker intervention promoted from the educational field, form-
ing part of the final grade of the physical education subject, so the
greater importance given by females, to academic achievement
during compulsory secondary education, could be another
explanation for these results (Marcenaro–Gutierrez et al. 2018).
These results could indicate that the promotion of interventions
with mobile applications from the educational setting could be an
effective way to reduce the lack of physical activity in adolescent
females, which is a great novelty of the present research.

Another novel result of the present investigation refers to the
differences in the use of mobile applications according to the
academic year, with adolescents of higher education courses, and
therefore older, using mobile applications the most. It should be
noted that no previous research has analyzed differences in the
use of mobile applications for the practice of physical activity
according to the age or academic year of adolescents. Therefore, a
possible explanation for the results obtained would be that,
although adolescents obtain their own mobile phone between the
ages of twelve and thirteen (Richter et al. 2022; Sun et al. 2023),
their use is not as continuous and frequent as that of older
adolescents who have more dependence on these devices (Nikhita
et al. 2015). This could lead to more difficulties in younger
adolescents in the use of mobile applications, as these devices
have not yet become fully integrated into their daily lives.
Therefore, while mobile apps would be a great tool for physical
activity practice outside of the school environment for adoles-
cents in the higher academic year, who also prefer to practice it

with their peers (Garcia et al. 2016), family-based interventions
could perhaps be an option to increase the use of mobile appli-
cations for physical activity in younger adolescents (Wunsch et al.
2020), as demonstrated in previous research conducted in ele-
mentary education (Chai et al. 2022).

In addition, differences in app use based on the age of ado-
lescents could be due to the fact that the purposes for which these
devices are used change throughout adolescence. Thus, it has
been observed that older adolescents use mobile devices to search
for information and stay connected through social networks to a
greater extent than younger ones, the latter those who tend to use
them more for playing videogames (Lauricella et al. 2014; Lenhart
et al. 2019). This aspect leads to consider the possibility that there
are differences in the use of applications depending on the aca-
demic year, with younger adolescents being those who would use
Pokémon Go to a greater extent than other applications as it is
gamified, as previous research has shown the benefits of gamifi-
cation in physical activity of younger people (Corepal et al. 2018).
On the contrary, as the age of the adolescents increased, they
would use other apps that included sports information or infor-
mation on healthy lifestyle habits, such as Strava, Pacer, or
MapMyWalk, since the ease of use of gamification declines with
age (Koivisto and Hamari, 2014). Since the groups of use of each
application would be too small if they were divided according to
academic year in the present investigation, this opens up a pos-
sible line of research in which future investigations should analyze
whether the interests and motivations for mobile apps are dif-
ferent depending on the academic year, since it would provide
very relevant information to be considered in research that pro-
motes mobile applications at school environment. Another pos-
sible explanation could be that adolescents in higher academic
years are more interested in academic degrees than younger
adolescents since the psychological maturity of older adolescents
is directly related to academic achievement (Morales-Vives et al.
2020), so the inclusion of an academic reward in the present
research could be important for the use of the mobile apps.
However, future studies should analyze the motives for the use of
mobile apps in adolescents of different academic years since the
scientific literature available is scarce in this regard.

The second aim of the present study was to establish the effi-
cacy of mobile app interventions to promote physical activity in
terms of the level of physical activity, kinanthropometric and
derived variables, and fitness depending on gender. BMI
increased significantly in males, independently of the use of
mobile applications, although in females, it only increased in the
group that did not use mobile applications. These results differ
from those found in previous research, in which there were no
significant differences in the BMI of adolescents after the use of
physical activity mobile apps (Shin et al. 2019; De Freitas et al.
2021). One of the main drawbacks of BMI is that it does not
express the amount of muscle mass and fat mass present in the
subject, with this being a limiting aspect of its use (Micozzi and
Albanes, 1988). Thus, it could be that the changes in this variable
in the males of the intervention group were due to an improve-
ment in body composition, as shown by the increase in the
variables muscle mass and corrected calf girth, as well as the
decrease in fat mass in the present study. This is perhaps due to
the fact that the increase in physical activity performed with the
step tracker mobile apps could decrease fat mass, and improve
muscle mass of the lower limbs, as observed in previous inter-
vention programs (Mateo-Orcajada et al. 2023a). However, the
changes found in the muscle mass of males could also be due to
hormonal changes, as there is a significant increase in the con-
centration of testosterone during adolescence (Clark and Rogol,
1996; Wells, 2007), while in females, although this increase also
occurs, it is not as noticeable and previous evidence does not
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show a significant increase in muscle mass due to biological
maturation in females (Albaladejo-Saura et al. 2021; Rusek et al.
2021). Therefore, the decrease in BMI in females could be
explained by a decrease in fat mass in the adolescents who used
the app, as the control group that did not use the app increased it.
This result would indicate that the use of mobile apps could favor
the practice of physical activity in female adolescents, leading to a
decrease in BMI and fat mass, which would be a great health
indicator given the relationship of these variables with certain
diseases (De Oliveira et al. 2016; Weihrauch-Blüher et al. 2019).
However, future research is needed to provide more scientific
evidence on the results found, to try to establish the volume and
intensity of training needed through mobile applications to pro-
duce a significant decrease in fat mass in adolescent females.

Regarding physical condition, the results showed an increase in
the handgrip strength score in males in both groups, but only in
the intervention group of females, whereas the CMJ jump height
only increased in the intervention group of males. Only one
previous study is known to have analyzed differences in handgrip
strength or CMJ in adolescents after the use of mobile apps to
increase physical activity (Mateo-Orcajada et al. 2023a), and the
results were similar to those of the present study, with differences
observed in handgrip in the intervention and control groups, but
in CMJ only in the intervention group. The novelty of this
investigation lies in the fact that the improvements were more
evident in males than in females. A possible explanation for these
results would be that males develop greater muscle mass than
females during puberty (Rusek et al. 2021), as observed in the
differences found in the corrected girths of the present investi-
gation, which would influence the production of force. However,
two determinants of strength production in the stage between
pre-adolescence and adolescence should also be considered. The

first would be the neuromuscular adaptations (Gillen et al. 2019)
that are strongly related to the increased physical activity
experienced by males at this stage, resulting in increased strength
and endurance in this population (Rudroff et al. 2013). The
second would be that adolescent males have higher testosterone
levels than females (Handelsman et al. 2018), with this hormone
highly associated with the production of muscle strength, espe-
cially in the upper limbs (Almeida-Neto et al. 2020). In addition,
other factors such as maturation could play a determinant role, as
the age in which the different stages of the maturational process
take place differ between males and females (Beunen and Malina,
1988; Beunen et al. 2006), so future research addressing these
issues is needed.

The third aim of the present investigation was to establish the
efficacy of mobile app interventions to promote physical activity in
terms of the level of physical activity, kinanthropometric and derived
variables, and fitness depending on the academic year. Thus, a sig-
nificant increase in height was found in all intervention and control
groups, except in the fourth-year students. These results are similar
to those of previous research, in which older adolescents had
minimal differences in their height (Chae et al. 2013), and a possible
explanation would be that the age at peak height velocity (APHV),
understood as the time of puberty when the fastest growth occurs
(Pitlović et al. 2013), occurs between 12 and 14 years of age (Beunen
and Malina, 1988; Beunen et al. 2006), so that adolescents in the
fourth academic year, between 15 and 16 years old, would be outside
this range. Thus, the growth of older adolescents, although still
occurring, is reduced to an average of one centimeter per year (Chae
et al. 2013), so it is not as remarkable as that of younger adolescents.

Regarding fat mass and the sum of three skinfolds, changes
were only observed in the fourth-year group, with increased
values in these variables in the control group and decreased values

Fig. 2 Differences in body composition and fitness of adolescent males and females according to their use of mobile apps. The first three upper graphs
show changes in BMI, corrected calf girth and fat mass in male and female adolescents according to app use. Lower part of the graph shows the differences
in the fitness variables handgrip and CMJ.
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in the experimental group. Similarly, the fourth-year intervention
group decreased their mean waist girth, and it was the only group
that did not significantly increase hip girth. A possible explana-
tion for these results could be that during adolescence, the level of
physical activity and the time spent in sedentary activities fluc-
tuates according to age. Thus, previous research has shown that
steps per day and moderate to vigorous physical activity increase
until 8–9 years of age and, from that moment on, continuously
decrease, reaching its minimum between 14 and 17 years of age
(Schmidt et al. 2020; Steene-johannessen et al. 2020). In turn,
time spent in sedentary activities increases from 250 min per day
at 4–5 years of age, to 450–500min per day between 14 and 17
years of age (Schmidt et al. 2020; Steene-johannessen et al. 2020),
resulting in greater accumulations of fat tissue due to lack of
physical activity (Mateo-Orcajada et al. 2022). This could be due

to the fact that older adolescents give more importance to other
aspects, such as studying or other sedentary activities (Jodkowska
et al. 2015), in addition to the fact that older adolescents still
practice sports tend to do so in organized activities, while younger
ones do so in informal activities that increase their chances of
physical practice (Mota and Esculcas, 2002). For these reasons,
the mandatory use of mobile applications for the practice of
physical activity promoted in a compulsory way from the physical
education school subject could acquire great relevance for ado-
lescents, mainly for adolescents in higher academic years who
have less free time and sacrifice the practice of physical activity
for other activities. These results are encouraging, but future
research is needed to truly show whether these interventions are
effective in reducing the accumulation of fat mass and preventing
the onset of future diseases in the adolescent population.

Fig. 3 Differences in the study variables in adolescents from different academic years according to their use of mobile apps. The figure shows the
differences in anthropometric variables between adolescents of different academic year. Height showed significant differences, as well as the sum of three
folds, hip and waist girth, corrected calf girth and fat mass. Fourth academic year adolescents showed the most significant differences.
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The results also showed that corrected calf girth significantly
increased in all intervention groups, except for the fourth-year
group. These results are similar to those of previous physical
activity programs in which adolescents in the experimental group
showed a greater development of lower limb muscle mass
(Contreras-Jordán et al. 2017). However, the absence of differ-
ences in the fourth-year group could be due to the fact that
adaptations during adolescence are due to the practice of physical
activity (Mateo-Orcajada et al. 2022) and hormonal changes,
mainly due to the increase in testosterone (Clark and Rogol, 1996;
Wells, 2007). These hormonal changes occur most predominantly
near the APHV (Cole et al. 2015), with fourth-year adolescents
having completely surpassed this age.

The absence of previous scientific literature on the use of mobile
applications promoted from the subject of physical education in
relation to the academic year and the gender of adolescents did
not allow us to establish specific hypotheses for the present
research. The results obtained in this study show that females and
adolescents in higher academic year used the applications to a
greater extent than males and younger adolescents, respectively. In
addition, it was observed that in these groups of adolescents there
was a decrease in BMI, fat mass, sum of 3 skinfold, and waist girth,
as well as an increase in physical activity practiced after the period
of use of the applications. Improvements in fitness were more
pronounced in males than in females who used mobile apps.
Therefore, gender and academic year seem to be moderators to be
considered in research conducted with mobile applications in
schoolchildren and adolescents.

The results obtained in the present investigation have con-
tributed new knowledge to this line of research, showing that the
use of mobile step tracker apps promoted from the school subject
of physical education has a beneficial effect on the practice of
physical activity of females, and also in adolescents in the last
years of compulsory secondary education. These results are
important because allow to increase the physical activity practice
of female adolescents, whose physical activity level is lower than
that of male adolescents (Mateo-Orcajada et al. 2021), and in
adolescents in higher academic year, whose physical activity
decreases as adolescence progresses (Dumith et al. 2011). How-
ever, future research should analyze whether the academic reward
proposed from the physical education subject motivates female
and adolescents in higher academic year to use mobile apps
(Marcenaro–Gutierrez et al. 2018; Morales-Vives et al. 2020), or
whether there are other motives that influence the use of these
devices. Another important finding of the present research is that
females and adolescents in higher academic year decrease BMI, fat
mass, sum of 3 skinfold, and waist girth using mobile apps, which
could be due to the fact that these groups use the app to a greater
extent than males and younger adolescents. Future studies should
analyze if there are differences in participation in this type of
intervention in males and females, and in adolescents in different
academic years, depending on the different ones used. This is
because males and younger adolescents use mobile phones mainly
to play videogames, whereas females and older adolescents use it
to stay connected or search for information (Lauricella et al. 2014;
Lenhart et al. 2019), so it is likely that they use gamified and non-
gamified apps may influence participation in the study. Finally,
physical fitness changes were more pronounced in males than in
females, which could be explained by the fact that maturation
plays a determinant role during puberty, as the age at which the
different stages of the maturational process take place differ
between males and females (Beunen and Malina, 1988; Beunen
et al. 2006). Future research in this regard should include
maturation as a key variable, as it could be a moderator of the
changes produced in fitness or body composition in adolescents
with the use of mobile apps. In addition, other training variables,

such as volume or intensity, should be considered to assess whe-
ther they influence the changes achieved in the study variables.

The present study is not free of limitations. The effect of
maturation on changes in kinanthropometric and fitness variables
in the adolescent population should be considered in future
research. In addition, the measurement of the level of physical
activity was performed using a questionnaire, which, although
previously validated, reports a subjective measurement of the
physical activity performed, so it would be appropriate to use
objective measures such as accelerometers. It would also be inter-
esting for future research to consider variables specific to the mobile
apps training plan, such as volume or intensity, as the frequency of
practice could be insufficient to explain the changes observed. In
addition, it would be interesting to know, according to gender and
academic year, the reasons and motives for carrying out the
intervention, both intrinsic and extrinsic motives, as well as
the barriers or motives for not using the apps to a greater extent. As
the classes that belonged to the control group were aware of the
existence of the intervention with mobile applications, this could
have affected the data by some bias. Another limitation to consider
is the lack of control over participants’ dietary habits since kinan-
thropometric and body composition variables may be affected by
this (Costa et al. 2018; Cunha et al. 2018), and future research
should, therefore follow up on this. This limits our ability to draw
conclusions with regard to the significant and nonsignificant results.

Conclusions
Based on the results obtained, it can be concluded that the main
novelty of the present study is the existence of differences in the
use of mobile physical activity apps according to gender and
academic year, as well as in the effects produced on the kinan-
thropometric variables and the fitness of this population. Thus, in
males in the intervention group, a decrease in fat mass and an
increase in CMJ height were observed, whereas BMI did not
significantly increase in females in the intervention group. As for
the academic year, adolescents in the fourth year did not increase
their height or correct calf girth, while the rest of the intervention
groups did. However, the fourth-grade experimental group
showed a decrease in the sum of three skinfolds, fat mass, and
waist girth. Thus, although females and older adolescents used
mobile apps to a greater extent, changes were observed in the
kinanthropometric and physical fitness variables in all the groups.
This shows the need for future research to analyze other mobile
app intervention program variables, such as training intensity or
training volume, as they could be the origin of the changes found.

Data availability
The data sets generated and/or analyzed during the present study
include the personal information of the participants, so they are
not in any repository, but an anonymized version is available to
the corresponding author upon reasonable request.
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