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ABSTRACT ARTICLE HISTORY
The aims of the present research were to understand the reasons why Received 3 June 2024
adolescents stop using mobile applications and to discover the objective Accepted 1 August 2024
and subjective evaluation of mobile applications for physical activity by KEYWORDS
adolescents. A 10-week quasi-experimental design involving four experi- Adolescents; assessment;
mental groups of adolescents who used mobile apps. A total of 240 mobile application; physical
adolescents aged 12-16 years participated in the research. The level of activity

physical activity and the assessment of the apps used were recorded. The

results showed an increase in physical activity after the intervention. The

main reasons for not using the apps were that adolescents found the

interface complex, or the apps did not work on their mobiles. Pokémon Go

showed a greater entertainment and customization than the rest of the

apps. It can be concluded that the abandonment of mobile app interven-

tions is due to the fact that they are not designed for use in this

population.

Introduction

The use of technological devices to promote the practice of physical activity has gained special
relevance in the last decade (Lee et al., 2019), with an increasing number of interventions using them
to control or monitor progress (Hao et al., 2021; Viciana et al., 2022). The devices used are diverse, but
mobile phones and their applications stand out as providing the opportunity for tailored interven-
tions to increase physical activity (Gal et al., 2018).

The use of mobile phones has acquired special relevance in the adolescent population, as this is
the age at which they start to become dependent on them (Nikhita, 2015), and their inappropriate
use could have a negative impact on the physical activity practiced (Xiao et al., 2022), as they tend to
increase sedentary and screen time (Xiang et al., 2020). However, not everything they generate is
negative, as recent studies show that the use of technological devices as a central axis of interven-
tions, could be useful to increase physical activity, with notable benefits in body composition
(Mateo-Orcajada et al., 2023), improved fitness (Yerrakalva et al., 2019), and the acquisition of healthy
habits (Ringeval et al., 2020) observed with the use of mobile applications.

While the results of these studies are encouraging, the effectiveness of these interventions
differs depending on the device used by adolescents (Creaser et al., 2021; Wang et al.,, 2024;
Wang et al.,, 2022). Specifically, interventions with mobile applications have some strengths that
facilitate monitoring, such as the inclusion of continuous notifications. However, mobile apps are
not as effective as other technological devices that provide immediate feedback on achievement,
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such as wearables, might be (Creaser et al., 2021; Ridgers et al., 2016), making apps fewer
effective devices for promoting improvements in physical activity (Flores Mateo et al., 2015).

The relevance of these findings comes from the fact that one of the main difficulties encountered
in the use of mobile apps to promote physical activity in the adolescent population is the loss of
adherence to the intervention (He et al., 2021). After the initial effect achieved by the novelty of the
intervention, the use of the devices decreases over time (Seah & Koh, 2021), and the number of
adolescents who complete the intervention is reduced (Egilsson et al., 2021). Recent research has
attempted to solve this problem in two ways: a) by using mobile applications within the physical
education subject during school hours (Gil-Espinosa et al., 2022; Zhu & Dragon, 2016); and b) by
promoting the out of school use of mobile applications within the physical education subject, with
a reward in the final grade (Mateo-Orcajada et al., 2023). Both methods force adolescents to use the
applications, which increases the effectiveness of the intervention (Mateo-Orcajada, 2024). However,
the use of these devices during school hours seems to be less effective, because the design and the
interface of the apps are suited for their use during physical education classes (Alonso-Fernandez
et al,, 2022), which makes it very difficult to integrate the apps into the curriculum.

Regarding the promotion of the extracurricular use of apps from the physical education class,
previous research has shown their efficacy, with adolescents who covered the greatest distance
obtaining the greatest benefits (Mateo-Orcajada et al., 2024). However, despite their efficacy, loss of
adherence remains the main problem with these interventions (Egilsson et al., 2021; He et al., 2021),
but the reasons for this are unknown. Knowing them is crucial for increasing the effectiveness of
these interventions; the benefits exist, but the use of the applications needs to be continued over
time, for at least three months (Romeo et al., 2019). No previous research has analysed the opinion of
adolescents on the physical activity mobile applications currently available on the market, which is
essential to begin to understand the reasons why interventions are no longer effective due to loss of
adherence. For this reason, the objectives of the present research are a) to understand the reasons
why adolescents stop using mobile applications during a period of mandatory use; and b) to discover
the objective and subjective evaluation of adolescents with regard to mobile applications for
physical activity, as well as the differences between the apps.

Based on previous scientific literature on the use and evaluation of mobile applications for
nutritional or medical use (Adam et al., 2018; Lambrecht et al., 2021), the following research
hypotheses are proposed: H1) the reasons for stopping the use of mobile applications will differ
depending on the mobile application used; and H2) the objective and subjective evaluation will
show significant differences between the applications.

Material and methods
Design

A 10-week study with a quasi-experimental design was carried out in which four mobile applications
(Strava, Pacer, MapMyWalk, and Pokémon Go) were used to promote physical activity in adolescents.
The sampling was non-probabilistic by convenience, selecting the schools with the largest number
of adolescents in mandatory secondary education willing to participate in the Region of Murcia
(Spain). In order for the sample to be representative of this geographical area, schools in the north,
south, east, and west were contacted and the two schools with the largest number of students in
these areas were selected. If the first centre did not agree to participate, the next centre with the
largest number of students was contacted. Prior to the start of the intervention, the educational
centre was contacted, and once approval was obtained, the procedure and objectives of the research
were explained to the physical education teachers. Subsequently, a meeting was held with the
adolescents interested in participating, as well as with their parents. Adolescents who finally agreed
to participate gave written informed consent signed by them and their parents.
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The study design followed the Consolidated Standards of Reporting Trials (CONSORT) (Schulz
et al.,, 2011) guidelines, and approval was obtained from the institutional ethics committee of the
Catholic University of Murcia (code: CE022102), in accordance with the guidelines of the World
Medical Association and the Declaration of Helsinki.

Participants

According to the standard deviation (SD) of previous research (Lambrecht et al., 2021) that
used the user version of the mobile application rating scale (UMARS) (SD =0.7) the minimum
sample needed to conduct the research, for an estimated error (d) of 0.22 and a 95%
confidence interval (Cl), was 40 participants per mobile app, with the total sample needed
being 160 participants. The sample size was calculated using RStudio v.3.15.0 statistical soft-
ware (RStudio Inc,, U.S.A).

A total of 400 adolescents (210 males and 190 females) aged between twelve and sixteen years
old (13.94 £ 1.23 years old) from two compulsory secondary education schools in the Region of
Murcia formed part of the initial research sample. The adolescents were divided into four experi-
mental groups (100 per group), each using a mobile application for the practice of physical activity
(Strava, Pacer, MapMyWalk, and Pokémon Go).

The inclusion criteria were a) aged between twelve and sixteen years old; and b) enrolment in
compulsory secondary education. The exclusion criteria were a) not starting the intervention with
mobile applications; b) transferring schools during the intervention period; c) not completing the
UMARS after the period of use of the mobile applications; and d) not having one’s own mobile phone
with which to carry out the intervention.

Of the 100 adolescents who were part of each experimental group at the beginning of the
research, 67 finished with Strava, 59 with Pacer, 55 with MapMyWalk and 59 with Pokémon Go,
resulting in a final sample of 240 adolescents. The dropout rate was different between the apps
(Strava: n=33; Pacer: n=41; MapMyWalk: n=45; Pokémon Go: n=41). The sample selection
flowchart and reasons for dropout are shown in Figure 1.

Instruments

The Physical Activity Questionnaire for Adolescents (PAQ-A) was used to assess the physical activity
level of adolescents (Kowalski et al., 1997). This questionnaire has an adequate validity and reliability
for use with adolescents, as well as an intraclass correlation coefficient of 0.71 for the final score of
the questionnaire (Martinez-Gémez et al., 2009). This questionnaire is composed of nine items, of
which the first eight are completed using a Likert scale of 1 to 5 points. The last item is
a dichotomous question (yes or no) that allows us to establish whether there was any impediment
that prevented normal physical activity in the previous week. The arithmetic mean of the scores of
the first eight items represents the level of physical activity of the adolescents in the previous week
(Kowalski et al., 1997). This questionnaire allows to classify the adolescents, being those with a score
equal to or higher than 2.75 the one that determines a practice of more than 60 minutes of moderate
to vigorous intensity physical activity (Benitez-Porres, 2016).

Mobile apps were rated by adolescents using the ‘User Version of the Mobile Application Ratings
Scale (UMARS)’ (Stoyanov et al., 2016). This scale is composed of 26 items that allow rating the quality
of apps objectively and subjectively. The original version it has an excellent internal consistency (a =
0.90), which is maintained in the Spanish-language version (a = 0.89) (Martin-Payo et al., 2021). The
objective part of the questionnaire is completed using a Likert scale of 1 to 5 points (1=inadequate;
5=excellent) that allows the evaluation of four dimensions: engagement (a = 0.80), functionality (a =
0.70), aesthetics (a=0.71), and information (a=0.78). The subjective part includes 10 questions
scored using a Likert scale of 1 to 5 points, in which usability and perceived impact are evaluated
(Stoyanov et al., 2016).



4 A. MATEO-ORCAJADA ET AL.
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Figure 1. Sample selection flowchart.
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Following the methodology of previous research (Galvim et al., 2019), the dropout instrument
consisted of two open questions, the first one provided information on whether the mobile
applications were used, while the second one provided information on the reasons for not using
the application in cases where it was not used. For this second question, three options were provided
in the questionnaire (‘interface was complex to use’, ‘Il did not know how to use it’, ‘| did not find it
interesting’), but the possibility was given to include other reasons.

Variables assessed

The PAQ-A was used to measure the perceived level of physical activity of the adolescents, which
made it possible to establish whether the intervention with mobile applications had been effective in
promoting physical activity.

The engagement dimension was composed of five items (entertainment, interest, customization,
interactivity, and target group) that allowed us to discover if the application was fun, interesting,
customizable, interactive, and had prompts.

The distance covered with the use of the mobile application by each adolescent was recorded as
a covariate. This is because previous research (Mateo-Orcajada et al., 2023, 2023a, 2023b) has shown
significant differences in physical fitness and body composition variables according to the level of
use of mobile applications. Therefore, adolescents with a higher level of use of mobile applications
could show a different objective and subjective perception than those who used these devices to
a lesser extent, because they would have experimented with the mobile applications for a longer
period of time. For the measurement of this variable, a researcher was in charge of recording weekly
the distance travelled by the adolescents using the mobile applications. To do this, the adolescent
participants were included in a group within the mobile application from which the researcher could
record weekly the distance travelled by each adolescent. In addition, at the end of the intervention
and at the time of the post-test measurements, the distance travelled by each adolescent was
checked in the app from the user’s mobile phone.

Gender was also included as a covariate, as previous research has shown differences in prefer-
ences for the use of mobile applications, as well as in the time invested by males and females (Klenk
et al,, 2017; Mateo-Orcajada et al., 2023a), so that the objective and subjective perception of physical
activity mobile applications currently available in the market could be different.

Randomization

Randomization was carried out to assign the mobile apps to each adolescent. Adolescents belonging
to the same class group were assigned to the same app. This randomization was carried out by the
principal investigator, together with other researchers who did not participate in the research, using
a computer-generated random number table. No randomization by gender was necessary as the
classes were evenly distributed between males and females. The researchers were blinded to the
mobile application that was assigned to each adolescent.

Procedure

After obtaining the informed consent of the adolescents, the correct functioning of each of the
mobile applications was explained to each class group. Prior to the intervention, the adolescents
completed the PAQ-A questionnaire. A classroom in the school was used for this purpose, isolated
from noise that could interfere with the completion of the questionnaires. During the intervention,
adolescents were obligated to use the mobile applications at least three times a week, to complete
the minimum distance established for each week. The physical education teachers encouraged the
adolescents to make use of these devices, and those who fully completed the intervention were
rewarded with a point in the final grade of the subject. At the end of the intervention, the
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adolescents completed the PAQ-A, the uMARS and the dropout questionnaires. The conditions for
completing the questionnaires were similar to those prior to the start of the intervention. The
researchers did not interfere with the adolescents’ responses and only resolved questions, if any.

Mobile app intervention

The intervention lasted 10 weeks, as previous studies has shown that the use of the apps for less than
three months seems to be more effective than longer durations (Romeo et al., 2019). For each of the
10 weeks of intervention with the mobile applications, the adolescents were given a goal of
minimum steps/kilometres to be covered each time they used the application. This distance had
to be completed at least three times per week. The distance was increased incrementally each week,
following the principle of progression.

The minimum distance to be covered was 5000 steps or 3.19 km on the first week, as this is the
minimum distance needed to stop being considered sedentary (Lubans et al., 2015). The conversion
of steps to kilometres was calculated considering previous research (Morency et al., 2007), in which it
was indicated that in the adolescent population, 1T km corresponds to 1565 steps, approximately. The
distance was increased weekly at a rate of 600 steps per week, ending with 12,000 steps on the last
week, each day the application was used, with this being the minimum distance recommended to
reach moderate to vigorous intensity of physical activity (Adams et al., 2013).

The apps used in the present study (Strava, Pacer, MapMyWalk, and Pokémon Go) were selected
because they have been included in previous research and have been effective in increasing physical
activity in other populations (Gonze et al., 2020; Petersen et al., 2020). Strava, Pacer and MapMyWalk
act as pedometers, recording steps and distance travelled while using the app. These apps include
numerous behaviour change techniques (Bondaronek et al., 2018), as well as physical activity remin-
ders and rewards (Liu & Willoughby, 2018; Yang et al., 2020). In addition, Pokémon Go has an added
incentive in that it is an active videogame in which adolescents must walk through different rural and
urban areas to find different Pokémon that they can catch (Chong et al., 2018; Paavilainen et al., 2017).
In addition, as they travel longer distances, they obtain rewards, which is a motivating factor. Its
effectiveness has been demonstrated in previous research (Khamzina et al., 2020).

Adolescents who did not complete the full distance of the intervention were not excluded from
the investigation and were measured in the post-test. This made it possible to establish the
differences according to the distance covered with the application.

Data analysis

The Kolmogorov-Smirnov test was used to analyse the normality of the data, as well as skewness and
kurtosis. Since the data followed a normal distribution, parametric tests were used for the analysis.
First, the chi-square test (x2) was used to establish differences in the reasons for dropping out of the
intervention between the different mobile apps. The corrected standardized residuals were used to
determine significance, establishing the value of £+ 1.96 as the reference value. As this is a 4 x 4 table,
the contingency coefficient was used to establish the statistical value of the differences. 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). Two ANOVAs were
carried out. The first one to establish the differences in the objective evaluation of each app, and
the second one to establish the differences in the subjective evaluation. Four ANCOVAs were also
carried out. The first one to establish the influence of the variable distance covered with the app, on
the objective evaluation; the second one to establish the influence of the variable gender on the
objective evaluation; the third one to establish the influence of the variable distance covered with
app, on the subjective evaluation; and the fourth one to establish the influence of the variable
gender, on the subjective evaluation. A Bonferroni post-hoc analysis was used to determine where
the differences were found, between which mobile apps. Partial eta squared (n2) was used to
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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 using the SPSS statistical
package (v.25.0; SPSS Inc,, IL).

Results

The intervention with mobile applications was effective in increasing the level of physical activity of
adolescents, as significant differences were found between the pre- and post-test (pre: 2.61 + 0.68;
post: 2.81+0.62; pre-post diff: —0.20+0.52; p <0.001; effect size: 0.57), with these adolescents
reaching a moderate to vigorous intensity level of physical activity. There were no significant
differences between the applications, as all of them showed significant effects on the level of
physical activity (Strava: p = 0.002; Pacer: p = 0.038; MapMyWalk: p = 0.041; Pokémon Go: p = 0.024).

The reasons in relation to the mobile application for which the adolescents did not complete the
intervention are listed in Table 1. For Strava (50.5%), Pacer (51.5%) and MapMyWalk (57.8%), the main
reason for not using the application was that the adolescents considered the interface of these
applications to be complex. In addition, a considerable percentage of adolescents in the Pacer group
(24.3%) did not use it because they did not know how to make correct use of it. In the Pokémon Go
group (45.2%), they did not use it because the app did not work on their mobile devices. It is worth
noting that with respect to the four apps used, a small percentage of participants (8—-16%) did not
find the apps interesting.

Table 2 and 3 shows the differences in the objective evaluation made by the adolescents of each
mobile application, also considering the covariates distance covered and gender. Regarding the
objective evaluation, without considering the covariables, significant differences were only found in
entertainment (p =0.019) and customization (p = 0.028). The post-hoc analysis showed that adoles-
cents indicated a significantly higher entertainment in Pokémon Go as compared to Pacer
(p = 0.030), as well as higher customization in Pokémon Go compared to Strava (p =0.023).

When considering the covariate distance covered, differences were significant between applica-
tions in the engagement dimension (p = 0.008), as well as in entertainment (p = 0.031), customization
(p =0.003), interactivity (p=0.012), navigation (p=0.018), quality of information (p =0.027), and
credibility of source (p=0.038). A subsequent post hoc analysis showed that with Pokémon Go,
adolescents showed higher engagement (p =0.027), entertainment (p=0.023) and interactivity
(p = 0.043) results as compared to Pacer, as well as higher customization (p =0.020) as compared
to Strava. However, it was observed that adolescents who used Pokémon Go rated navigation being
worse as compared to MapMyWalk (p = 0.041), as well as credibility of source as compared to Strava
(p=0.039) and MapMyWalk (p =0.030). It was also observed that the quality of information was
better in MapMyWalk than in Pacer (p=0.045). Regarding the covariate gender, significant

Table 1. Differences in the reasons for not performing the intervention with the different mobile applications.

MapMy
Pokémon Go Adj. Strava Adj. Pacer Adj. Walk Ad;j. contingency
(n=37) Res. (n = 30) Res. (n=40) Res. (n=45) Res. xz; p; coefficient
Interface was 14 (38.7%) —-2.0 13(50.0%) -0.6 18(51.5%) 0.2 26(57.8%) 1.3 29.127; 0.442
complex to use 0.004
| did not know 0 (0.0%) -18 4(42%) -09 10(243%) 33 5(11.1%) -03
how to use it
| did not find it 7 (16.1%) 03 5(16.6%) 1.2 6(12.1%) 0.1 4(89%) -1.1
interesting
The application 16 (45.2%) 33 8(29.2%) 05 6(121%) -25 10(222%) -0.6
was not

working on my
mobile




Table 2. Objective evaluation of each application considering the covariates distance covered and gender.

Objective evaluation*

Objective evaluation*®

Objective evaluation distance covered with app gender
Pokémon Go Strava Pacer MapMyWalk
(n=59) (n=67) (n=59) (n=55) F p n2 F p n2 F p n2
Engagement 3.88+0.75 3.73+0.65 3.52+0.83 3.71+0.64 2.158 0.094 0.030 3.571 0.008 0.064 2,012 0.094 0.037
Entertainment 3.61+1.09 348 +1.04 3.03+1.05 3.51+093 3.39%4 0.019 0.046 2.723 0.031 0.050 2.643 0.035 0.048
Interest 3.65+0.99 3.72+0.78 334+1.11 3.61+1.00 1.768 0.154 0.025 1.748 0.141 0.033 1514 0.199 0.028
Customization 3.93+1.00 3.33+0.99 3.53+1.22 341+1.10 3.083 0.028 0.042 4.135 0.003 0.074 3.495 0.009 0.063
Interactivity 3.98+0.88 3.85+0.96 3.61+1.05 3.61+1.22 1.584 0.194 0.022 3.291 0.012 0.060 1.220 0.303 0.023
Target group 4.22+0.87 427 +0.83 4.10£1.05 439+0.70 0.914 0.435 0.013 1.983 0.098 0.037 0.713 0.584 0.014
Functionality 3.93+0.75 3.92 +0.65 4.00+0.83 4.06 +£0.74 0.201 0.778 0.005 1.803 0.130 0.034 1.358 0.250 0.025
Performance 3.83+1.08 3.91+0.83 3.97 £0.98 390+ 1.16 0.171 0.916 0.002 0.735 0.569 0.014 0.932 0.446 0.018
Ease of use 4.15+0.92 415086  4.20+0.89 4.20£0.90 0.056 0.983 0.001 0.395 0.812 0.008 0.766 0.548 0.015
Navigation 3.78+£0.81 3.82+0.83 3.93+1.05 4.15+0.96 1.419 0.238 0.020 3.052 0.018 0.055 3.193 0.014 0.058
Gestural design 3.98+0.80 3.81+0.97 3.90+0.98 4.00£0.71 0.533 0.660 0.008 1.838 0.123 0.034 0.414 0.798 0.008
Aesthetics 3.98+0.73 3.94+0.69 3.86 +0.86 3.94+0.69 0.245 0.865 0.004 0.840 0.501 0.016 0.565 0.688 0.011
Layout 3.98+0.88 399+090  4.05+0.94 3.98+0.85 0.089 0.966 0.001 0.781 0.539 0.015 0.793 0.531 0.015
Graphics 4.04+0.73 412+0.75 4.07 £1.00 4.10+0.83 0.087 0.967 0.001 1.389 0.239 0.026 0.842 0.500 0.016
Visual appeal 391+1.15 3.70£0.92 3.46+1.10 3.76 £0.92 1.794 0.149 0.025 1.349 0.253 0.025 1.351 0.252 0.025
Information 3.82+0.88 3.93+0.69 3.86+0.94 4.01+£0.82 0.456 0.713 0.007 2972 0.070 0.054 1.150 0.334 0.022
Quality of information 4.02 +1.06 3.97+0.74 3.88+1.05 412£1.01 0.538 0.657 0.008 2.793 0.027 0.051 0.647 0.629 0.012
Quantity of information 3.91+1.03 3.93+0.84 385+1.13 4.12+0.84 0.678 0.566 0.010 1.436 0.223 0.027 1.014 0.401 0.019
Visual information 3.85+0.97 3.97 £0.90 3.98+1.23 393+1.13 0.169 0.917 0.002 2.266 0.063 0.042 2484 0.055 0.046
Credibility of source 3.50+1.15 3.87 £ 1.06 3.75+1.07 3.88+1.10 1.242 0.295 0.018 2.595 0.038 0.048 0.970 0.425 0.018
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Table 3. Bonferroni post hoc analysis of the variables of the objective evaluation that showed significant differences.

Pokémon Go - Strava Pokémon Go - Pacer Pokémon Go - MapMyWalk Strava — Pacer Strava - MapMyWalk Pacer - MapMyWalk

Mean Diff. p 95% Cl  Mean Diff. p 95% Cl  Mean Diff. p 95% CI  Mean Diff. p 95% Cl  Mean Diff. p 95% CI  Mean Diff. p 95% Cl

Objective evaluation

Entertainment 0.13+£0.20 1.000 -0.39; 0.58+0.20 0.030 0.04; 0.09+£0.22 1.000 -0.49; 0.44+0.18 0.100 -0.05; -0.04+020 1.000 -0.58 -0.48+0.21 0.141 -1.04;
0.66 1.12 0.69 0.93 0.51 0.08
Customization 0.61+0.21 0.023 0.06; 041021 0333 -0.16; 052+0.23 0.157 -0.09; -0.20+0.19 1.000 -0.71; -0.09+0.21 1.000 -0.66; 0.11+0.22 1.000 -0.48;
1.16 0.98 1.14 0.32 0.49 0.70
Objective evaluation * distance covered
Engagement 0.15%£0.14 1.000 -0.21; 041+0.14 0.027  0.03; 0.17+0.15 1.000 —-0.24; 0.26+0.13 0286 —0.09; 002+0.14 1.000 -035 -023+0.15 0671 -0.62;
0.51 0.78 0.58 0.60 0.40 0.16
Entertainment 0.13£0.20 1.000 —0.40; 0.60+020 0.023  0.05; 0.10+0.22 1.000 —0.49; 047+0.19 0.078 -0.03; -0.03+0.20 1.000 -0.58 -050+0.21 0.113 -1.06;
0.66 1.14 0.69 0.96 0.51 0.06
Customization 0.61+0.20 0.020  0.06; 048+021 0146 —0.08; 052+023 0.142 -009; -0.13%0.19 1000 -0.64; -0.08+0.21 1.000 —0.65; 0.04+022 1.000 —0.54;
1.15 1.04 1.13 0.39 0.48 0.62
Interactivity 0.13£0.19 1.000 -0.39; 044+020 0.043 —0.09; 037+022 0132 -0.21; 031+0.18 0515 -0.17; 024+020 1000 -0.29; -0.07+021 1.000 -0.62;
0.64 0.97 0.95 0.80 0.78 0.48
Navigation —-0.04+0.17 1.000 -0.50; -0.09+0.18 1000 -057; -036+0.19 0.041 -088 —-0.05+0.16 1.000 -048 -032+0.18 0439 -0.80; -0.28+0.19 0832 -0.77;
0.42 0.39 0.16 0.39 0.16 0.22
Quality of 0.05£0.18 1.000 —0.43; 021+£0.19 1000 -028 -0.10+0.20 1.000 -0.64; 0.16+0.17 1000 -0.29; -0.15%£0.19 1.000 -0.64; -031+0.19 0.045 -0.82;
information 0.53 0.71 0.44 0.61 035 0.20
Credibility of -037+£0.21 0.039 -0.92; -0.18%£0.21 1.000 -0.75 -038+0.23 0.030 —0.99; 0.19+0.19 1.000 -0.33; -0.01£0.21 1.000 -0.58 -020+0.22 1000 -0.79;
source 0.18 0.39 0.24 0.71 0.56 0.39
Objective evaluation * gender
Customization 0.66 +£0.21 0.010 0.11; 047021 0.165 -0.09; 060+0.23 0.065 -0.02; -0.19+0.19 1.000 -0.70; -0.06+0.21 1.000 -0.63; 0.13£0.22 1.000 -0.45;
1.21 1.04 1.22 0.32 0.51 0.71
Navigation 0.02+0.17 1.000 -0.44; -0.08+0.18 1.000 -0.56; -0.27+0.20 0.048 -0.80; -0.10+0.16 1.000 -0.53; -030+0.18 0593 -0.78; -0.20+0.18 1.000 —0.69;
0.49 0.40 0.25 033 0.18 0.29
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differences were observed in customization (p = 0.009) and navigation (p = 0.014), with Pokémon Go
scoring higher than Strava in customization (p =0.010), and lower than MapMyWalk in navigation
(p = 0.048).

The subjective evaluation of the applications is shown in Table 4. No significant differences were
found in the subjective quality (p > 0.05) or perceived impact (p > 0.05), nor when the covariates
distance covered (p > 0.05), and gender (p > 0.05) were considered.

Discussion
Barriers and difficulties encountered in the use of mobile apps by adolescents

The first objective of the present research was to understand the reasons why adolescents stop using
mobile applications during a period of mandatory use. The results showed that although the
intervention was effective in increasing physical activity level, a high percentage of adolescents
dropped out, which is similar to the results of previous research (Egilsson et al., 2021). The majority of
adolescents in the apps that acted as pedometers (Strava, Pacer and MapMyWalk) indicated that they
did not follow the intervention because the apps’ interface was complex. Previous research has
shown that the design of mobile apps has become more relevant in recent years, surpassing even
the importance shown by efficiency, as it influences the user’s emotions and perception of quality
(Bhandari et al., 2017). A possible explanation for these results could be that the perception of app
design is completely different between app designers and the users who finally use the app,
resulting in difficulties in its use (Cata & Martz, 2015). This could be due to the fact that app designers
have more advanced knowledge about the use of apps than the common user, including complex
functionalities and interfaces without considering the user’s needs, which would hinder the use of
apps (Gao & Lee, 2019). As indicated in previous research, this is a highly relevant aspect that should
be considered when designing mobile applications (Cata & Martz, 2015), even more so when
designing mobile applications aimed at the adolescent population, as the results show that this
could be the main reason for not using apps in this population. Therefore, when designing mobile
apps to promote physical activity, it is necessary to involve researchers and professionals from
different disciplines, in addition to consulting end users, so that the integration of the app is more
effective (Gao & Lee, 2019; Simdes et al., 2018).

As for Pokémon Go, a large percentage of teens who did not use it indicated that it was because
the app did not work properly on their device. These results are similar to those of previous research
conducted with this video game in university students, in which the first reason for not using it was
that they did not like the theme of the video game, with the next reason being that the application
did not work on their device, as the mobile phone was not compatible, it required too much data, or
the app kept crashing the phone (Vaterlaus et al.,, 2019). Therefore, although the results of the
present research and previous research have shown that Pokémon Go is a useful app for promoting
physical activity in adolescents (Khamzina et al., 2020; Mateo-Orcajada et al., 2023b), it is necessary to
consider that this app may not work on all devices (Gao & Lee, 2019). This is an aspect to consider, as
it adds to the problems encountered by other augmented reality games or exergames, whose
implementation has been complicated in the adolescent population.

If in addition to the difficulties encountered for their use in the school environment, such as the
lack of support from the school administration, space limitations, curricular conflicts, or budget
shortages (Gao & Lee, 2019), we find difficulties for their use outside school hours, as shown in this
research, no matter how useful these tools are for promoting physical activity (Mateo-Orcajada et al.,
2023; Xu et al., 2022), they will no longer be viable. These results are relevant for the design of future
gamified applications, as it would be more important for them to work on as many devices as
possible and have a simple interface, even if this means reducing the number/type of graphics or
functionalities.



Table 4. Subjective evaluation of the applications used according to the covariates distance covered and gender.

Subjective evaluation*

Subjective evaluation*

Subjective evaluation distance covered with app gender
Pokémon Go  Strava Pacer MapMyWalk
(n=59) (n=67) (n=59) (n=55) F p n2 F p n2 F p n2
Subjective quality 3.11+£084 324+062 3.17+0.75 324+073 0378 0.769 0.005 0875 0480 0.017 0.283 0.889 0.005
Would you recommend this app? 372+121 4.07x097 3.73+£1.14 398+1.08 1522 0.210 0.021 1.836 0.123 0.034 1.151 0334 0.022
Do you think you would use this app in the next 12 months? 3.24+1.25 342+087 332+1.06 337+107 0.277 0.842 0004 1587 0.179 0.030 0.685 0.603 0.013
Would you pay for this app? 183+£1.12 1.73+£096 195+1.09 1.78+0.94 0495 0.686 0.007 0.981 0.419  0.019 0371 0.829 0.007
What is your overall (star) rating of the app? 365+090 375+082 3.68+0.90 3.83+083 0.380 0.768 0.005 1431 0.225 0.027 0.680 0.607 0.013
Perceived impact 3.27+£1.00 3.14%+090 3.12+£0.97 3.11+095 0293 0.831 0.004 0.222 0926 0.004 0230 0.921 0.004
Awareness 339+£1.18 3.13+1.04 3.17+1.09 3.10+£1.18 0.659 0.578 0.009 0837 0.503 0.016 0.862 0.487 0.016
Knowledge 3.17+£1.02 3.09+1.07 305112 3.10%£1.22 0.110 0.954 0.002 0.089 0986  0.002 0.266 0.900 0.005
Attitudes 328+£1.13 3.13+1.11 3.14+1.11 3.17+£109 0.199 0.897 0.003 0252 0.909 0.005 0.152 0.962 0.003
Intention to change 320+£1.09 3.19%£099 3.15+£1.03 3.05+1.09 0.197 0.899 0.003 0.163 0.957 0.003 0.190 0.943 0.004
Help seeking 311+£1.27 2974113 297+1.10 288+0.98 0317 0813 0.005 0301 0877 0006 0660 0620 0.013
Behaviour change 348+1.24 330110 325115 337%1.14 0364 0.779 0.005 0.354 0.841 0.007 0374 0.827 0.007
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Based on the results of the present research, the first research hypothesis, which stated that the
reasons for stopping the use of mobile applications will differ depending on the mobile application
used, can be partially accepted. This is because it does not seem to be that the mobile application is
what is important, but rather the type of application used. The apps that acted as pedometers and
were similar to each other, were found to have a complex interface, while the difficulty with the
gamified app (Pokémon Go), was that it did not work on all devices. However, future research is
needed to analyse the reasons for abandonment of interventions with mobile physical activity apps,
as this is a completely unexplored area.

Strengths and issues to consider in the design of future physical activity apps for adolescents

The second objective of the present research was to discover the objective and subjective evaluation
of the mobile applications for physical activity by the adolescents, as well as to find the differences
between the apps. In terms of the objective evaluation, adolescents who used Pokémon Go showed
greater entertainment and customization results as compared to the apps used as pedometers
(Pacer and Strava, respectively). These results follow previous research, in which users of augmented
reality apps showed a greater engagement in physical activity, as their perception was modified by
a story line or narrative that dissociated them from exertion (Faric et al., 2021). Furthermore, previous
research has shown that Pokémon Go has other strengths to consider, such as game enjoyment or
player customization options (Hamari et al., 2019; Qin, 2021), which is supported by the results of the
study. The ability to customize and personalize the content according to the user’s needs is
fundamental to maintain adherence to the programme (Jakob et al., 2022). Similarly, entertainment
becomes relevant for the continuity of app use, since when an app is considered fun, adherence also
increases (Yang et al., 2020). In addition, it is worth noting that customization and entertainment are
related through other psychological constructs, since the possibility of customization increases the
perception of autonomy and control, which explains part of entertainment (Kim et al., 2015).
Therefore, as recommended in previous studies, users should be able to customize the app and its
accounts to improve their satisfaction with the mobile apps they use for physical activity promotion
(Seah & Koh, 2021).

Another relevant finding of the present research was that adolescents showed a higher engage-
ment, entertainment, customization, and interactivity in Pokémon Go, as compared to Pacer and
Strava, when considering the covariate distance covered. The fact that a greater distance covered in
Pokémon Go is related to the possibility of catching more Pokémon, receiving more rewards, and
climbing up the levels may justify the findings of the present research. Previous studies have shown
that in these types of gamified games, the effort directed towards an aim, in this case catching new
Pokémon, plays an important role in translating the desire to reach the aim into the achievement of
the goal (Kwak et al., 2021). In addition, previous studies have shown that exploration is one of the
aspects of the game that improves the effectiveness of the intervention (Lindqyvist et al., 2018), which
could explain the greater entertainment and engagement of the adolescents who used the app the
most. However, little is known about the most determinant aspects of Pokémon Go from the user’s
perspective, and future research should consider aspects such as whether adolescents used
Pokémon Go for the first time or were long-time users. This may be a relevant aspect, as previous
research has shown that new users are motivated by features directly related to Pokémon, such as
catching all Pokémon and reaching higher levels, while old users highlight the quality of the game in
general and the challenges the game offers to them (Rasche et al., 2017). This may be a determinant
factor for the time spent playing the game, distance travelled, or app rating, but future research is
needed to corroborate this.

However, in Pokémon Go, the navigation and credibility of source ratings were worse than in
Strava and MapMyWalk, respectively, when considering the covariate distance travelled. No previous
research is known to have compared the use of augmented reality mobile apps, such as Pokémon
Go, with mobile apps that act as pedometers, such as Strava, Pacer, and MapMyWalk. One possible
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explanation for these differences is that the pedometer apps in this study include a large number of
behaviour change techniques that increase users’ knowledge of different habits that can lead them
to healthier behaviours, including the possibility of goal setting and planning, feedback and
monitoring, social support, the comparison of behaviour, social rewards, and the credible source
(Bondaronek et al., 2018; Middelweerd et al., 2014). The effectiveness of these techniques for
behavioural change could be determined by the increased use of the applications, as users would
discover the true potential of the application the more they use it. However, this has not been
previously demonstrated, and future research is needed to discover whether it is the increased use of
the app that leads to the discovery of new features, or whether it is the discovery of new features that
leads to increased use of the app. Pokémon Go, on the other hand, does not provide any health-
related content or information, as aspects such as playing, having fun, nostalgia, social ties or interest
in Pokémon are the main drivers (Baranowski & Lyons, 2020; Marquet et al., 2017). The app bases the
increased physical activity on these, which would justify the differences found between the apps.

The covariate gender was also shown to influence the results of the objective evaluation, more
specifically in Pokémon Go, where differences were found with respect to Strava in customization,
and with respect to MapMyWalk in navigation. Previous research has shown that interventions based
on mobile apps should be gender-specific, since the motives that drive their use, as well as their final
use, differ between males and females (Klenk et al., 2017; Mateo-Orcajada et al., 2023a). The results of
the present research follow the line of these previous investigations, as they would indicate that the
objective evaluation of mobile apps differs according to gender, which would be fundamental for
discovering which apps can be the most useful in a given population. As one of the strong
characteristics of Pokémon Go is the possibility of customizing the player (Hamari et al., 2019; Qin,
2021), the results found are especially important, as there would be differences according to gender
in this aspect, and future studies are needed to provide more information. Therefore, this research
highlights the need to consider the characteristics of the target population in order to choose the
application that best suits their needs, as previous research also points out (Simbes et al., 2018).
However, further studies are needed to establish the aspects that are most relevant when selecting
the most appropriate mobile apps for each group.

It is worth noting that no differences were found between the mobile apps in the subjective
evaluation made by the adolescents, nor when the covariates distance covered, and gender were
considered. The results show that adolescents would recommend the mobile app, as they rate it
positively, and believe that they would continue to use it for the next 12 months, although later results
showed that most of them did not continue to use it when its use was not promoted. In addition, they
would not pay to use any of the apps used in this research. These results are similar to previous
research conducted with mobile apps for medical patients, where the subjective rating was positive
(Adam et al., 2018; Lambrecht et al., 2021). No previous studies are known to have conducted objective
or subjective ratings of mobile physical activity apps, but the results found are encouraging due to the
overall positive perception of these tools among adolescents. However, future studies are needed to
gain a more in-depth understanding of the perception of these apps among different populations, as
this will enable accurate recommendations to be made as to which may be most effective in each case.

Based on the results obtained in this research, the second research hypothesis, which stated that
the objective and subjective evaluation would show significant differences between the applica-
tions, can be partially accepted. This is because significant differences were found between the apps
in the objective evaluation, with Pokémon Go being the one in which most differences were found
with respect to the rest of the apps, although no differences were found in the subjective evaluation
made by the adolescents.

Lessons learned from the use of mobile applications among adolescents in this study

The use of physical activity apps currently available on the market is complex for a considerable part
of the adolescent sample, which is similar to previous research in the field (Frontini et al., 2020;
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Ribanszki et al., 2021). By complexity, users understand the difficulties encountered in using the
different functions of the app, such as activating the physical activity log, configuring the user
account, accessing the settings, or activating other functionalities present in the app. In addition, the
initial complexity can also be a determining factor, since difficulties in the initial login, or the
existence of many menus that distract the user’s attention, can affect the use of this device
(Frontini et al., 2020; Ribanszki et al., 2021).

Another major difficulty was the fact that the application did not work on the smartphone. In the
scientific literature surrounding the use of cell phones by adolescents, a great deal of debate has arisen
around accountability (Moreno et al., 2019). This term refers to when an adolescent is ready to have his
or her own mobile device, due to a deficit of responsibility and care for it (Moreno et al., 2019). This fact
leads to many receiving their first phone when one of their parents acquires a new one (Moreno et al.,
2019). This means that the phones received by adolescents are outdated in terms of software, which
may explain why some of the most required apps do not work properly on their devices.

On the other hand, customization and entertainment seem to be two key elements that should be
present in physical activity apps for adolescents. Previous research using mobile apps for the preven-
tion and management of noncommunicable diseases indicated that the ability to customize and adapt
the content to the user’s needs was fundamental to maintain adherence to the programme (Jakob
et al., 2022) as well as to satisfy individual preferences (Hilliard et al., 2014). Similarly, entertainment is
critical for users to continue using the app, as seen in previous research where it was observed that
making the app fun to use was one of the determining factors for continuity (Yang et al., 2020).
Therefore, personalization and entertainment become key elements in generating app adherence, also
in the adolescent population. This is probably due to the fact that both are related to each other, as
well as to other psychological constructs, since the possibility of personalizing the character increases
the perception of autonomy, control, and attachment to the character, which in turn explains
a considerable part of the enjoyment and entertainment (Kim et al., 2015).

Another aspect to consider is that the design of the study makes the external reward, in this case
the increase in the physical education grade, acquire a relevant role for the success of the interven-
tion. However, the aim of this type of intervention is to modify lifestyle and instil healthy habits in the
adolescent population, since this is a crucial stage that conditions later stages of life (Simmonds et al.,
2016). By means of external rewards, the aim is to increase the extrinsic motivation of the partici-
pants to initially adhere to the intervention (Bear et al., 2017). By increasing this extrinsic motivation,
it is intended to progressively increase and acquire intrinsic motivation on the part of the partici-
pants that will adhere them to the programme in the long term (Teixeira et al., 2012), as has been
seen in previous research in which this transition between extrinsic motivation and intrinsic motiva-
tion has been sought (Amabile, 1996; Frey, 1997; Hennessey & Zbikowski, 1993). However, it seems
that this is not proving effective in adolescents for two reasons: first, dropout rates are similar to
those of previous studies (Egilsson et al., 2021), suggesting that a one-point increase in the physical
education grade is not enough incentive to significantly increase extrinsic motivation; and second,
many of the adolescents did not continue to use the app once the reward for its use ended.
Therefore, future research should look for new sources of motivation that allow an easier transition
to intrinsic motivation when using these devices.

Recommendations for the design of physical activity intervention with apps for the
adolescent population

Based on the results obtained in the present study and the results of previous studies, future studies
aimed at increasing the level of physical activity by means of mobile apps in the adolescent
population should consider the following aspects: a) use mobile applications in which the opinion
of experts in the subject matter is present, as this has been seen as a strong point for maintaining
adherence, since users trust the information received from the app (Subhi et al., 2015); b) the app
should not include excessively complex functionalities, i.e. apps with an excess of information in
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which the teenager gets lost navigating through the menus should be avoided (Frontini et al., 2020).
Sometimes, less is more, and you should look for an app that allows you to record the distance
travelled and with which the adolescents receives small notions of healthy habits; c) the promotion
of the devices from schools seems to be a key element in maintaining the adherence of adolescents;
however, it is known that the interface and design of the apps is not optimal for use in this setting
(Alonso-Fernadndez et al., 2022). Therefore, apps should be sought or designed in which their use
from the school by the teacher is simple and can encourage the practice of physical activity, even as
homework in the classroom; d) the selection of apps that include elements of customization and are
fun and easy to use for the adolescent population also seems to be a key element due to its
relationship with other psychological constructs that facilitate greater adherence to the intervention
(Hilliard et al., 2014; Jakob et al., 2022; Kim et al., 2015); e) achieving a high level of motivation
towards the intervention is key for adolescents to use the app, not only for the duration of the
programme, but also to generate a healthy habit and maintain the practice of physical activity over
time (Teixeira et al., 2012). This is a pending task for future research that should look for sources of
extrinsic motivation that can transition to intrinsic motivation in a better way than increasing the
physical education grade (Amabile, 1996; Hennessey & Zbikowski, 1993); and f) the lack of autonomy
in the choice of apps could be an aspect that decreases adherence to the intervention programme
(Teixeira et al,, 2012), so future research should try to adapt to the tastes and preferences of
adolescents when selecting the app, which could lead to better results in terms of intervention
follow-up. Considering these issues, a large number of the factors indicated in previous research that
may affect adherence to the intervention, such as psychological aspects, benefit seeking, user
experience and functionality (Yang et al., 2020), can be addressed and serve as a guide for future
research in this area.

Limitations of the present study

The present research is not without limitations. Firstly, the level of physical activity was measured by
means of a questionnaire, which, although valid and reliable, measures the subjective perception of
physical activity. Secondly, the uMARS was used for the evaluation of the mobile applications, as it is
avalid and reliable instrument, but it is possible that in the adolescent population, some of the terms
used in the scale pose an additional difficulty, so future research could use focus groups or interviews
to obtain more information from adolescents on their perception of the different mobile apps for the
promotion of physical activity. Thirdly, the mobile applications used were chosen by the researchers,
not by the adolescents, which could condition their use by being ‘imposed’. This could affect the
autonomy of the participants and condition their positive assessment of the apps, giving only
a negative view of them. And fourthly, the reasons for stopping using the app were collected
through questionnaires, which could limit the information collected from the adolescents. Future
research should use qualitative techniques such as interviews or focus groups to collect the reasons
why the adolescents did not use the app, thus obtaining much more information that is not limited
to the answers included in the questionnaire.

Conclusions

With the results obtained in the present research, it can be concluded that interventions with mobile
apps for physical activity in adolescents have a considerable dropout rate not because they are not
attractive or interesting for this population, but because the apps that currently exist on the market
do not work properly or have an interface that is too complex for these users. In addition, the
objective evaluation was different according to the apps used by the adolescents, with Pokémon Go
providing a greater entertainment and customization capacity as compared to the rest of the apps.
As for the covariates distance covered and gender, both seem to significantly influence the results.
This makes it even more necessary to be aware of the target population in order to select the most
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effective app, as well as to encourage the continued use of mobile apps. However, this is the first
study in this area, and future research is needed to corroborate the results obtained.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This research has been financed by grants for the Ministry of Science and Innovation of the Spanish Government, in the
programme knowledge generation (Title: “Promotion of Daily Physical Activity recommended for the Health of
Adolescents through Mobile Apps, Wearables and a Gamified TAC"/Call: 2022/Reference code: PID2022-1402450A- 100).

ORCID

Adrian Mateo-Orcajada http://orcid.org/0000-0001-8111-8358
Lucia Abenza-Cano http://orcid.org/0000-0001-9583-737X
Raquel Vaquero-Cristébal http://orcid.org/0000-0003-2708-4817

Data availability statement

The data that support the findings of this study are available from the corresponding author, [LAC], upon reasonable
request.

References

Adam, A, Hellig, J. C,, Perera, M., Bolton, D., & Lawrentschuk, N. (2018). ‘Prostate cancer risk calculator’ mobile
applications (apps): A systematic review and scoring using the validated user version of the mobile application
rating scale (UMARS). World Journal of Urology, 36(4), 565-573. https://doi.org/10.1007/500345-017-2150-1

Adams, M. A,, Johnson, W. D., & Tudor-Locke, C. (2013). Steps/Day translation of the moderate-to-vigorous physical
activity guideline for children and adolescents. The International Journal of Behavioral Nutrition and Physical Activity,
10(1), 1-11. https://doi.org/10.1186/1479-5868-10-49

Alonso-Fernandez, D., Gutiérrez-Sénchez, A, Portela-Pino, |, & Taboada-lIglesias, Y. (2022). Evaluation of applications for
mobile devices on the practice of physical exercise in adolescents. Applied Sciences (Switzerland), 12(6), 1-17. https://
doi.org/10.3390/app12062784

Amabile, T. (1996). Creativity in context. Westview Press.

Baranowski, T., & Lyons, E. J. (2020). Scoping review of pokémon go: Comprehensive assessment of augmented reality
for physical activity change. Games for Health Journal, 9(2), 71-84. https://doi.org/10.1089/g4h.2019.0034

Bear, G. G, Slaughter, J. C, Mantz, L. S., & Farley-Ripple, E. (2017). Rewards, praise, and punitive consequences: Relations
with intrinsic and extrinsic motivation. Teaching & Teacher Education, 65, 10-20. https://doi.org/10.1016/j.tate.2017.
03.001

Benitez-Porres, J. (2016). Cut-off values for classifying active children and adolescents using the physical activity
questionnaire: Pag-C and PAQ-A. Nutricion Hospitalaria, 33(5), 1036-1044. https://doi.org/10.20960/nh.564

Bhandari, U., Neben, T., Chang, K., & Chua, W. Y. (2017). Effects of interface design factors on affective responses and
quality evaluations in mobile applications. Computers in Human Behavior, 72, 525-534. https://doi.org/10.1016/j.chb.
2017.02.044

Bondaronek, P., Alkhaldi, G., Slee, A., Hamilton, F. L., & Murray, E. (2018). Quality of publicly available physical activity
apps: Review and content analysis. JMIR mHealth and uHealth, 6(3). https://doi.org/10.2196/mhealth.9069

Cata, T., & Martz, B. (2015). Comparing mobile APPs usability characteristics for designers and users. Journal of
International Technology and Information Management, 24(4). https://doi.org/10.58729/1941-6679.1053

Chong, Y., Sethi, D., Loh, C. Y., & Lateef, F. (2018). Going forward with pokemon go. Journal of Emergencies, Trauma, and
Shock, 11(4), 243. https://doi.org/10.4103/JETS.JETS_87_17

Cramér, H. (1946). Mathematical methods of statistics. Princeton University Press.

Creaser, A. V., Clemes, S. A, Costa, S., Hall, J., Ridgers, N. D., Barber, S. E., & Bingham, D. D. (2021). The acceptability,
feasibility, and effectiveness of wearable activity trackers for increasing physical activity in children and adolescents:


https://doi.org/10.1007/s00345-017-2150-1
https://doi.org/10.1186/1479-5868-10-49
https://doi.org/10.3390/app12062784
https://doi.org/10.3390/app12062784
https://doi.org/10.1089/g4h.2019.0034
https://doi.org/10.1016/j.tate.2017.03.001
https://doi.org/10.1016/j.tate.2017.03.001
https://doi.org/10.20960/nh.564
https://doi.org/10.1016/j.chb.2017.02.044
https://doi.org/10.1016/j.chb.2017.02.044
https://doi.org/10.2196/mhealth.9069
https://doi.org/10.58729/1941-6679.1053
https://doi.org/10.4103/JETS.JETS_87_17

INTERNATIONAL JOURNAL OF ADOLESCENCE AND YOUTH 17

A systematic review. International Journal of Environmental Research & Public Health, 18(12), 6211. https://doi.org/10.
3390/ijerph18126211

Egilsson, E., Bjarnason, R., & Njardvik, U. (2021). Usage and weekly attrition in a smartphone-based health behavior
intervention for adolescents: Pilot randomized controlled trial. JMIR Formative Research, 5(2), e21432. https://doi.org/
10.2196/21432

Fari¢, N., Potts, H. W. W., Rowe, S., Beaty, T., Hon, A, & Fisher, A. (2021). Running app “zombies, run!” users’ engagement
with physical activity: A qualitative study. Games for Health Journal, 10(6), 420-429. https://doi.org/10.1089/g4h.2021.
0060

Flores Mateo, G., Granado-Font, E., Ferré-Grau, C., & Montana-Carreras, X. (2015). Mobile phone apps to promote weight
loss and increase physical activity: A systematic review and meta-analysis. Journal of Medical Internet Research, 17(11),
e253. https://doi.org/10.2196/jmir.4836

Frey, B. (1997). Not just for the money: An economic theory of personal motivation. Elgar.

Frontini, R, Sousa, P., Dixe, M. A,, Ferreira, R., & Figueiredo, M. C. (2020). Designing a mobile app to promote healthy
behaviors and prevent obesity: Analysis of adolescents’ preferences. Informatics for Health & Social Care, 45(3),
327-341. https://doi.org/10.1080/17538157.2020.1725766

Gal, R, May, A. M., van Overmeeren, E. J., Simons, M., & Monninkhof, E. M. (2018). The effect of physical activity
interventions comprising wearables and smartphone applications on physical activity: A systematic review and
meta-analysis. Sports Medicine - Open, 4(1), 42. https://doi.org/10.1186/540798-018-0157-9

Galvim, A. L., Oliveira, I. M., Martins, T. V., Vieira, L. M., Cerri, N. C,, Cezar, N. O. D. C,, Pedroso, R. V., & Gomes, G. A. D. O.
(2019). Adherence, adhesion, and dropout reasons of a physical activity program in a high social vulnerability
context. Journal of Physical Activity & Health, 16(2), 149-156. https://doi.org/10.1123/jpah.2017-0606

Gao, Z,, & Lee, J. (2019). Emerging technology in promoting physical activity and health: Challenges and opportunities.
Journal of Clinical Medicine, 8(11), 1830. https://doi.org/10.3390/jcm8111830

Gil-Espinosa, F. J., Nielsen-Rodriguez, A., Romance, R., & Burguerio, R. (2022). Smartphone applications for physical
activity promotion from physical education. Education and Information Technologies, 27(8), 11759-11779. https://doi.
org/10.1007/510639-022-11108-2

Gonze, B. D. B., Padovani, R. D. C,, Simoes, M. D. S., Lauria, V., Proenca, N. L., Sperandio, E. F., Ostolin, T. L. V. D. P,,
Gomes, G. A. D. O,, Castro, P. C,, Romiti, M., Gagliardi, A., Arantes, R. L., & Dourado, V. Z. (2020). Use of a Smartphone
App to increase physical activity levels in insufficiently active adults: Feasibility sequential multiple assignment
randomized trial (SMART). JMIR Research Protocols, 9(10), e14322. https://doi.org/10.2196/14322

Hamari, J., Malik, A., Koski, J., & Johri, A. (2019). Uses and gratifications of pokémon go: Why do people play mobile
location-based augmented reality games? International Journal of Human-Computer Interaction, 35(9), 804-819.
https://doi.org/10.1080/10447318.2018.1497115

Hao, Y., Ma, X.-K,, Zhu, Z., & Cao, Z.-B. (2021). Validity of wrist-wearable activity devices for estimating physical activity in
adolescents: Comparative study. JMIR mHealth and uHealth, 9(1), e18320. https://doi.org/10.2196/18320

He, Z, Wu, H., Yu, F., Fu, J., Sun, S., Huang, T., Wang, R., Chen, D., Zhao, G., & Quan, M. (2021). Effects of smartphone-based
interventions on physical activity in children and adolescents: Systematic review and meta-analysis. JMIR mHealth
and uHealth, 9(2), 1-12. https://doi.org/10.2196/22601

Hennessey, B. A., & Zbikowski, S. M. (1993). Immunizing children against the negative effects of reward: A further
examination of intrinsic motivation training techniques. Creativity Research Journal, 6(3), 297-307. https://doi.org/10.
1080/10400419309534485

Hilliard, M. E., Hahn, A, Ridge, A. K., Eakin, M. N., & Riekert, K. A. (2014). User preferences and design recommendations
for an mHealth app to promote cystic fibrosis self-management. JMIR mHealth and uHealth, 2(4), e44. https://doi.org/
10.2196/mhealth.3599

Hopkins, W. G., Marshall, S. W., Batterham, A. M., & Hanin, J. (2009). Progressive statistics for studies in sports medicine
and exercise science. Medicine & Science in Sports and Exercise, 41(1), 3-12. https://doi.org/10.1249/MSS.
0b013e31818cbh278

Jakob, R., Harperink, S., Rudolf, A. M., Fleisch, E., Haug, S., Mair, J. L., Salamanca-Sanabria, A., & Kowatsch, T. (2022).
Factors influencing adherence to mHealth apps for prevention or management of noncommunicable diseases:
Systematic review. Journal of Medical Internet Research, 24(5), e35371. https://doi.org/10.2196/35371

Khamzina, M., Parab, K. V., An, R., Bullard, T., & Grigsby-Toussaint, D. S. (2020). Impact of pokémon go on physical activity:
A systematic review and meta-analysis. American Journal of Preventive Medicine, 58(2), 270-282. https://doi.org/10.
1016/j.amepre.2019.09.005

Kim, K., Schmierbach, M. G,, Bellur, S. (., Chung, M.-Y., Fraustino, J. D., Dardis, F., & Ahern, L. (2015). Is it a sense of
autonomy, control, or attachment? Exploring the effects of in-game customization on game enjoyment. Computers in
Human Behavior, 48, 695-705. https://doi.org/10.1016/j.chb.2015.02.011

Klenk, S., Reifegerste, D., & Renatus, R. (2017). Gender differences in gratifications from fitness app use and implications
for health interventions. Mobile Media & Communication, 5(2), 178-193. https://doi.org/10.1177/2050157917691557

Kowalski, K. C., Crocker, P. R. E., & Kowalski, N. (1997). Convergent validity of the physical activity questionnaire for
adolescents. Pediatric Exercise Science, 9(4), 342-352. https://doi.org/10.1123/pes.9.4.342


https://doi.org/10.3390/ijerph18126211
https://doi.org/10.3390/ijerph18126211
https://doi.org/10.2196/21432
https://doi.org/10.2196/21432
https://doi.org/10.1089/g4h.2021.0060
https://doi.org/10.1089/g4h.2021.0060
https://doi.org/10.2196/jmir.4836
https://doi.org/10.1080/17538157.2020.1725766
https://doi.org/10.1186/s40798-018-0157-9
https://doi.org/10.1123/jpah.2017-0606
https://doi.org/10.3390/jcm8111830
https://doi.org/10.1007/s10639-022-11108-2
https://doi.org/10.1007/s10639-022-11108-2
https://doi.org/10.2196/14322
https://doi.org/10.1080/10447318.2018.1497115
https://doi.org/10.1080/10447318.2018.1497115
https://doi.org/10.2196/18320
https://doi.org/10.2196/22601
https://doi.org/10.1080/10400419309534485
https://doi.org/10.1080/10400419309534485
https://doi.org/10.2196/mhealth.3599
https://doi.org/10.2196/mhealth.3599
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.2196/35371
https://doi.org/10.1016/j.amepre.2019.09.005
https://doi.org/10.1016/j.amepre.2019.09.005
https://doi.org/10.1016/j.chb.2015.02.011
https://doi.org/10.1177/2050157917691557
https://doi.org/10.1123/pes.9.4.342

18 A. MATEO-ORCAJADA ET AL.

Kwak, D.-H., Deng, S., Kuem, J., & Kim, S. (2021). How to achieve goals in digital games? An empirical test of a goal-
oriented model in pokémon GO. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3857270

Lambrecht, A., Vuillerme, N., Raab, C., Simon, D., Messner, E.-M., Hagen, M., Bayat, S., Kleyer, A., Aubourg, T., Schett, G.,
Hueber, A., & Knitza, J. (2021). Quality of a supporting mobile app for rheumatic patients: Patient-based assessment
using the user version of the mobile application scale (uMARS). Frontiers in Medicine, 8, 8. https://doi.org/10.3389/
fmed.2021.715345

Lee, A. M., Chavez, S., Bian, J., Thompson, L. A, Gurka, M. J., Williamson, V. G., & Modave, F. (2019). Efficacy and
effectiveness of mobile health technologies for facilitating physical activity in adolescents: Scoping review. JMIR
mHealth and uHealth, 7(2), 1-14. https://doi.org/10.2196/11847

Lindqvist, A.-K., Castelli, D., Hallberg, J., & Rutberg, S. (2018). The praise and price of pokémon GO: A qualitative study of
children’s and parents’ experiences. JMIR Serious Games, 6(1), e1. https://doi.org/10.2196/games.8979

Liu, S., & Willoughby, J. F. (2018). Do fitness apps need text reminders? An experiment testing goal-setting text message
reminders to promote self-monitoring. Journal of Health Communication, 23(4), 379-386. https://doi.org/10.1080/
10810730.2018.1455768

Lubans, D. R., Plotnikoff, R. C.,, Miller, A., Scott, J. J,, Thompson, D., & Tudor-Locke, C. (2015). Using pedometers for
measuring and increasing physical activity in children and adolescents: The next step. American Journal of Lifestyle
Medicine, 9(6), 418-427. https://doi.org/10.1177/1559827614537774

Marquet, O., Alberico, C., Adlakha, D., & Hipp, J. A. (2017). Examining motivations to play pokémon GO and Their
influence on perceived outcomes and physical activity. JMIR Serious Games, 5(4), e21. https://doi.org/10.2196/games.
8048

Martin-Payo, R., Carrasco-Santos, S., Cuesta, M., Stoyan, S., Gonzalez-Mendez, X., & Fernandez-Alvarez, M. D. M. (2021).
Spanish adaptation and validation of the user version of the mobile application rating scale (UMARS). Journal of the
American Medical Informatics Association, 28(12), 2681-2686. https://doi.org/10.1093/jamia/ocab216

Martinez-Gémez, D., Martinez de Haro, V., Pozo, T., Welk, G. J., Villagra, A., Calle, M. E., Marcos, A., & Veiga, O. L. (2009).
Fiabilidad y validez del cuestionario de actividad fisica PAQ-A en adolescentes espaiioles. Revista Espaiiola de Salud
Pablica, 83(3), 427-439. https://doi.org/10.1590/51135-57272009000300008

Mateo-Orcajada, A. (2024). Promoting aerobic physical activity of adolescents aged 12 to 16 years old during
after-school hours using mobile applications: A critical review. Cultura, Ciencia y Deporte, 19(59), 3—-15. https://doi.
org/10.12800/ccd.v19i59.2169

Mateo-Orcajada, A., Abenza-Cano, L., Albaladejo-Saura, M., & Vaquero-Cristébal, R. (2023). Mandatory after-school use of
step tracker apps improves physical activity, body composition and fitness of adolescents. Education and Information
Technologies, Inpress(8), 10235-10266. https://doi.org/10.1007/510639-023-11584-0

Mateo-Orcajada, A., Vaquero-Cristobal, R., & Abenza-Cano, L. (2023a). Gender and academic year as moderators of the
efficacy of mobile app interventions to promote physical activity in adolescents: A randomized controlled trial.
Humanities and Social Sciences Communications, 10(1), 980. https://doi.org/10.1057/s41599-023-02502-3

Mateo-Orcajada, A., Vaquero-Cristébal, R., & Abenza-Cano, L. (2023b). Influence of pokémon go playing style on physical
activity and its effect on kinanthropometry variables and body composition in adolescents. Journal of Physical Activity
& Health, 20(10), 934-947. https://doi.org/10.1123/jpah.2023-0140

Mateo-Orcajada, A., Vaquero-Cristobal, R., & Abenza-Cano, L. (2024). Importance of training volume through the use of
step trackers apps promoted from the subject of physical education to change body composition, physical fitness
and physical activity in adolescents and the influence of gendervk, ¢ %%. Physiology & Behavior, 273, 114402. https://
doi.org/10.1016/j.physbeh.2023.114402

Middelweerd, A., Mollee, J. S., van der Wal, C. N, Brug, J., & Te Velde, S. J. (2014). Apps to promote physical activity
among adults: A review and content analysis. The International Journal of Behavioral Nutrition and Physical Activity, 11
(1), 97. https://doi.org/10.1186/512966-014-0097-9

Morency, C., Demers, M., & Lapierre, L. (2007). How many steps do you have in reserve? Transportation Research Record:
Journal of the Transportation Research Board, 1(1), 1-6. https://doi.org/10.3141/2002-01

Moreno, M. A,, Kerr, B. R., Jenkins, M., Lam, E., & Malik, F. S. (2019). Perspectives on smartphone ownership and use by
early adolescents. Journal of Adolescent Health, 64(4), 437-442. https://doi.org/10.1016/j.jadohealth.2018.08.017

Nikhita, C. S. (2015). Prevalence of mobile phone dependence in secondary school adolescents. Journal of Clinical and
Diagnostic Research, 9(11. https://doi.org/10.7860/JCDR/2015/14396.6803

Paavilainen, J., Korhonen, H., Alha, K., Stenros, J., Koskinen, E., & Mayra, F. (2017). The pokémon GO experience.
Proceedings of the 2017 CHI Conference on Human Factors in Computing Systems (pp. 2493-2498). https://doi.org/
10.1145/3025453.3025871

Petersen, J. M., Kemps, E., Lewis, L. K., & Prichard, I. (2020). Associations between commercial app use and physical
activity: Cross-sectional study. Journal of Medical Internet Research, 22(6), e17152. https://doi.org/10.2196/17152

Qin, Y. (2021). Attractiveness of game elements, presence, and enjoyment of mobile augmented reality games: The case
of pokémon go. Telematics and Informatics, 62, 101620. https://doi.org/10.1016/j.tele.2021.101620

Rasche, P., Schlomann, A., & Mertens, A. (2017). Who is still playing pokémon go? A web-based survey. JMIR Serious
Games, 5(2), e7. https://doi.org/10.2196/games.7197


https://doi.org/10.2139/ssrn.3857270
https://doi.org/10.3389/fmed.2021.715345
https://doi.org/10.3389/fmed.2021.715345
https://doi.org/10.2196/11847
https://doi.org/10.2196/games.8979
https://doi.org/10.1080/10810730.2018.1455768
https://doi.org/10.1080/10810730.2018.1455768
https://doi.org/10.1177/1559827614537774
https://doi.org/10.2196/games.8048
https://doi.org/10.2196/games.8048
https://doi.org/10.1093/jamia/ocab216
https://doi.org/10.1590/S1135-57272009000300008
https://doi.org/10.12800/ccd.v19i59.2169
https://doi.org/10.12800/ccd.v19i59.2169
https://doi.org/10.1007/s10639-023-11584-0
https://doi.org/10.1057/s41599-023-02502-3
https://doi.org/10.1123/jpah.2023-0140
https://doi.org/10.1016/j.physbeh.2023.114402
https://doi.org/10.1016/j.physbeh.2023.114402
https://doi.org/10.1186/s12966-014-0097-9
https://doi.org/10.3141/2002-01
https://doi.org/10.1016/j.jadohealth.2018.08.017
https://doi.org/10.7860/JCDR/2015/14396.6803
https://doi.org/10.1145/3025453.3025871
https://doi.org/10.1145/3025453.3025871
https://doi.org/10.2196/17152
https://doi.org/10.1016/j.tele.2021.101620
https://doi.org/10.2196/games.7197

INTERNATIONAL JOURNAL OF ADOLESCENCE AND YOUTH 19

Ribanszki, R., Saez Fonseca, J. A., Barnby, J. M., Jano, K., Osmani, F., Almasi, S., & Tsakanikos, E. (2021). Preferences for
digital smartphone mental health apps among adolescents: Qualitative interview study. JMIR Formative Research, 5
(8), €14004. https://doi.org/10.2196/14004

Ridgers, N. D., McNarry, M. A., & Mackintosh, K. A. (2016). Feasibility and effectiveness of using wearable activity trackers
in youth: A systematic review. JMIR mHealth and uHealth, 4(4), e129. https://doi.org/10.2196/mhealth.6540

Ringeval, M., Wagner, G., Denford, J., Paré, G, & Kitsiou, S. (2020). Fitbit-based interventions for healthy lifestyle
outcomes: Systematic review and meta-analysis. Journal of Medical Internet Research, 22(10), €23954. https://doi.
org/10.2196/23954

Romeo, A, Edney, S., Plotnikoff, R, Curtis, R., Ryan, J., Sanders, I., Crozier, A., & Maher, C. (2019). Can smartphone apps
increase physical activity? Systematic review and meta-analysis. Journal of Medical Internet Research, 21(3), €12053.
https://doi.org/10.2196/12053

Schulz, K. F., Altman, D. G., & Moher, D. (2011). CONSORT 2010 statement: Updated guidelines for reporting parallel
group randomised trials. International Journal of Surgery, 9(8), 672-677. https://doi.org/10.1016/}.ijsu.2011.09.004

Seah, M. L. C,, & Koh, K. T. (2021). The efficacy of using mobile applications in changing adolescent girls’ physical activity
behaviour during weekends. European Physical Education Review, 27(1), 113-131. https://doi.org/10.1177/
1356336X20930741

Simmonds, M., Llewellyn, A., Owen, C. G., & Woolacott, N. (2016). Predicting adult obesity from childhood obesity:
A systematic review and meta-analysis. Obesity Reviews, 17(2), 95-107. https://doi.org/10.1111/0br.12334

Simoes, P., Silva, A. G., Amaral, J., Queirés, A., Rocha, N. P, & Rodrigues, M. (2018). Features, behavioral change
techniques, and quality of the most popular mobile apps to measure physical activity: Systematic search in app
stores. JMIR mHealth and uHealth, 6(10), e11281. https://doi.org/10.2196/11281

Stoyanov, S. R., Hides, L., Kavanagh, D. J., & Wilson, H. (2016). Development and validation of the user version of the
mobile application rating scale (uMARS). JMIR mHealth and uHealth, 4(2), 1-11. https://doi.org/10.2196/mhealth.5849

Subhi, Y., Bube, S. H., Rolskov Bojsen, S., Skou Thomsen, A. S., & Konge, L. (2015). Expert involvement and adherence to
medical evidence in medical mobile phone apps: A systematic review. JMIR mHealth and uHealth, 3(3), €79. https://
doi.org/10.2196/mhealth.4169

Teixeira, P. J., Carraca, E. V., Markland, D., Silva, M. N., & Ryan, R. M. (2012). Exercise, physical activity, and
self-determination theory: A systematic review. The International Journal of Behavioral Nutrition and Physical
Activity, 9(1), 1-30. https://doi.org/10.1186/1479-5868-9-78

Vaterlaus, J. M., Frantz, K, & Robecker, T. (2019). “Reliving my childhood dream of being a pokémon trainer”: An
exploratory study of college student uses and gratifications related to pokémon go. International Journal of Human-
Computer Interaction, 35(7), 596-604. https://doi.org/10.1080/10447318.2018.1480911

Viciana, J., Casado-Robles, C., Guijarro-Romero, S., & Mayorga-Vega, D. (2022). Are wrist-worn activity trackers and
mobile applications valid for assessing physical activity in high school students? Wearfit study. Journal of Sports
Science & Medicine, 356-375. https://doi.org/10.52082/jssm.2022.356

Wang, J.-W., Zhu, Z,, Shuling, Z., Fan, J., Jin, Y., Gao, Z.-L., Chen, W.-D., & Li, X. (2024). Effectiveness of mHealth app-based
interventions for increasing physical activity and improving physical fitness in children and adolescents: Systematic
review and meta-analysis. JMIR mHealth and uHealth, 12, e51478. https://doi.org/10.2196/51478

Wang, W., Cheng, J., Song, W., & Shen, Y. (2022). The effectiveness of wearable devices as physical activity interventions
for preventing and treating obesity in children and adolescents: Systematic review and meta-analysis. JMIR mHealth
and uHealth, 10(4), e32435. https://doi.org/10.2196/32435

Xiang, M.-Q,, Lin, L., Wang, Z.-R,, Li, J., Xu, Z., & Hu, M. (2020). Sedentary behavior and problematic smartphone use in
Chinese adolescents: The moderating role of self-control. Frontiers in Psychology, 10, 10. https://doi.org/10.3389/
fpsyg.2019.03032

Xiao, W., Wu, J., Yip, J,, Shi, Q., Peng, L., Lei, Q. E., & Ren, Z. (2022). The relationship between physical activity and mobile
phone addiction among adolescents and young adults: Systematic review and meta-analysis of observational
studies. JMIR Public Health and Surveillance, 8(12), e41606. https://doi.org/10.2196/41606

Xu, L., Shi, H,, Shen, M., Ni, Y., Zhang, X, Pang, Y., Yu, T, Lian, X,, Yu, T., Yang, X, & Li, F. (2022). The effects of
mHealth-based gamification interventions on participation in physical activity: Systematic review. JMIR mHealth
and uHealth, 10(2), e27794. https://doi.org/10.2196/27794

Yang, X., Ma, L., Zhao, X., & Kankanhalli, A. (2020). Factors influencing user’s adherence to physical activity applications:
A scoping literature review and future directions. International Journal of Medical Informatics, 134, 104039. https://
doi.org/10.1016/j.ijmedinf.2019.104039

Yerrakalva, D., Yerrakalva, D., Hajna, S., & Griffin, S. (2019). Effects of mobile health app interventions on sedentary time,
physical activity, and fitness in older adults: Systematic review and meta-analysis. Journal of Medical Internet Research,
21(11), e14343. https://doi.org/10.2196/14343

Zhu, X., & Dragon, L. A. (2016). Physical activity and situational interest in mobile technology integrated physical
education: A preliminary study. Acta Gymnica, 46(2), 59-67. https://doi.org/10.5507/ag.2016.010


https://doi.org/10.2196/14004
https://doi.org/10.2196/mhealth.6540
https://doi.org/10.2196/23954
https://doi.org/10.2196/23954
https://doi.org/10.2196/12053
https://doi.org/10.2196/12053
https://doi.org/10.1016/j.ijsu.2011.09.004
https://doi.org/10.1177/1356336X20930741
https://doi.org/10.1177/1356336X20930741
https://doi.org/10.1111/obr.12334
https://doi.org/10.2196/11281
https://doi.org/10.2196/mhealth.5849
https://doi.org/10.2196/mhealth.4169
https://doi.org/10.2196/mhealth.4169
https://doi.org/10.1186/1479-5868-9-78
https://doi.org/10.1080/10447318.2018.1480911
https://doi.org/10.52082/jssm.2022.356
https://doi.org/10.2196/51478
https://doi.org/10.2196/32435
https://doi.org/10.3389/fpsyg.2019.03032
https://doi.org/10.3389/fpsyg.2019.03032
https://doi.org/10.2196/41606
https://doi.org/10.2196/27794
https://doi.org/10.1016/j.ijmedinf.2019.104039
https://doi.org/10.1016/j.ijmedinf.2019.104039
https://doi.org/10.2196/14343
https://doi.org/10.5507/ag.2016.010

	Abstract
	Introduction
	Material and methods
	Design
	Participants
	Instruments
	Variables assessed
	Randomization
	Procedure
	Mobile app intervention
	Data analysis

	Results
	Discussion
	Barriers and difficulties encountered in the use of mobile apps by adolescents
	Strengths and issues to consider in the design of future physical activity apps for adolescents
	Lessons learned from the use of mobile applications among adolescents in this study
	Recommendations for the design of physical activity intervention with apps for the adolescent population
	Limitations of the present study

	Conclusions
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References

