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Abstract— In contemporary society, non-communicable in particular for the prevention and treatment of paediatric

diseases linked to unhealthy lifestyles, such as obesity, are on
the rise with a major impact on global deaths. Prevention is the
new frontier, promising to increase life expectancy and quality,
while reducing costs related to healthcare. The PEGASO
project developed a mobile ecosystem where the digital
Companion aims at empowering teenagers in the adoption of
healthy lifestyles. The pilot study conducted in three European
countries (Spain, UK and Italy) shows a good acceptance of the
system and that teenagers are keen to use mobile technology to
improve their lifestyle, although wearable devices did not
engage the young users.

I. INTRODUCTION

Non-communicable diseases were responsible for 68% of
global deaths in 2012, meaning that they caused 38 million of
the world’s 56 million deaths [1]. Unhealthy lifestyle
behaviours such as diet, physical activity and sedentariness
are key risk factors for major non-communicable diseases.
Among these non-communicable diseases, obesity represents
a major threat for global health in contemporary society.
Several research studies demonstrate that juvenile obesity can
lead to serious medical conditions and have important
psychosocial consequences. Many lifestyle choices are made
during adolescence, this makes this period a critical phase of
personal development. In particular, behavioural patterns
linked to physical activity, sleeping habits and nutrition are
established during adolescence and people tend to maintain
them throughout their whole lives [2]. Indeed, unhealthy diet,
physical inactivity and sedentary behaviour are known to
track from childhood into adulthood and are difficult to
change later in life [3]. Hence, it is important to promote
healthy lifestyle adoption during adolescence. This would
allow having healthier communities, reducing risks linked to
cardiovascular diseases, obesity and related comorbidities. A
recent systematic review showed that there is an evidence
that app-based interventions to improve diet, physical activity
and sedentary behaviours can be effective [4]. Also, findings
from other recent systematic reviews suggest that approaches
based on mobile technology are feasible and acceptable tools
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obesity [5] and [6].

The EU-funded PEGASO project (Personalized guidance
services for optimizing lifestyle in teen-agers through
awareness, motivation and engagement) aims at developing a
whole services ecosystem, which motivates teenagers to
internalize healthy behaviours effortlessly to prevent diseases
in adulthood and improve their quality of life. This
multidisciplinary project enables the promotion of healthy
lifestyles among teenagers through the use of assistive
technology [7]. The core of this project is, indeed,
represented by the ICT system, which allows provision of
tailored interventions to encourage motivation towards
healthy lifestyle habits to the teenage users via their
smartphones [8].

Figure 1. Architecture overview of the PEGASO system.
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II. THE PEGASO ECOSYSTEM

Involving adolescents in participatory action for health
promotion is gaining recognition as a viable approach not
only to preventing youth problems, but also enhancing
positive development [9]. As with other special populations,
teenagers have peculiar needs with respect to healthcare [10].
Therefore, systems supporting health management for
teenagers should be designed involving them in a co-creation
process. In the PEGASO project, four stages of user-centred
design were accomplished, during which several multi-
technique workshops were organized with teenagers to elicit
user requirements for the platform to promote healthy
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lifestyles. The first stage of workshops aimed at exploring the
teenage perceptions about healthy living, the role of
technology in health and its use for wellness promotion [10].
The second stage involved the adolescents in the interface co-
design and evaluation of the first system mock-ups. The third
stage involved the users in testing the developed prototypes
and providing structured feedback to allow iterating on the
prototype to improve the system and fix problems. The fourth
stage had the teenagers testing the prototypes on a longer
period of time and their feedback was used to enhance the
experience and solve the last bugs.

The final version of the system was composed of the
PEGASO Companion installed in the user’s smartphone,
connected to wearable devices to improve the user’s
behaviour monitoring and to the cloud for the personalisation
of intervention and of the services (further details in [11]).
The cloud could also securely transfer the user’s data to the
personal folder in the National Health System (NHS).
Moreover, the PEGASO partners could access to the system
via a specific interface like experts to answer questions raised
by the users or to partners in order to allow provide and
update services. The overview of the PEGASO system is
depicted in Figure 1.

A. The PEGASO Companion

The PEGASO Companion vision is not linked to a unique
physical device but it is conceived as a ubiquitous artificial
intelligence, which changes form over time to accompany the
user throughout her/his life adapting to her/his evolving
needs and desires [12]. The PEGASO Companion is an
electronic coach (eCoach) aiming at supporting the users in
adopting healthy lifestyles. The development of eCoaches for
health promotion is a current and growing trend. A recent
scoping review analysed 32 eCoaches for healthy lifestyles
showing that are able to influence positively both health
outcomes and usability [13]. However, this literature review
showed that there is no eCoach specially developed for
teenagers. The actual implementation of the PEGASO
Companion is embedded in the smartphone as a set of
applications [14]. Every application is designed to deal with
specific obesity risk factors (low physical activity, unhealthy
nutrition or sedentary behaviour) or to deliver precise
behaviour change interventions. The PEGASO ecosystem is
modular, meaning that the user can choose what to install,
and composed of the following apps:

e+ The Companion is the main access to the PEGASO
ecosystem. This application allows adding friends,
sends tailored messages, shows information to the
user to coach and motivate.

e The eDiary is a mobile food record enables users to
monitor their dietary behaviours while coaching the
user with immediate educational feedback based on
dietary data patterns introduced by the users.

e Challenges app motives the user to achieve their
goals exploiting implementation intention and other
social motivational elements.

e The PEGASO Serious Game proposes a full-fledged
game aiming at engaging users while creating an

opportunity for health literacy and providing
behaviour-changing interventions.

B. Sensors

The PEGASO system bases the measurement of the
user’s behaviour mainly on the use of the sensors embedded
in the smartphone, i.e., 3D inertial sensors, GPS and self-
reported information. Since teenage users cannot always
bring with them the smartphone (e.g., smartphones are
forbidden in many schools and difficult to use in sports), the
system was developed in order to include also two different
wearable devices. The first is a smart bracelet named
WWAT, to be worn all day and providing activity tracking
and sleep monitoring. The second is a smart garment, to be
worn especially during the physical activity to have a better
analysis of this time and a more detailed vision of the
physiological components characterizing the user during
exercise. It is composed of a sensorised T-shirt or bra with
embedded textile electrodes for measuring 1 ECG lead and a
wearable device applied to the garments named WES
embedding two additional 3D accelerometer and gyroscope
placed at chest level approximately in correspondence of the
10th rib. These wearable devices were specifically designed
for and with adolescents [15]. Indeed, there are no
commercial wearable devices designed to meet adolescents’
needs and desires on both aesthetical and functional levels.
For this reason, it was necessary to develop these specific
wearables in the frame of the PEGASO project.

C. The Cloud

One of the key aspects of PEGASO is the personalisation
of the interventions based on wusers’ behaviours and
preferences [16]. The data collection and computation of the
tailoring algorithms are distributed between the smartphones
and the cloud. Only the simple and fast computation that
requires an immediate feedback is performed on the
smartphones. However, all the data are always uploaded in
the secured cloud as soon as the smartphone is connected to
the Internet, where the algorithms for the tailoring of the
intervention are executed. Such personalization is based on
the development of a Virtual Individual Model (VIM) for
characterizing the user on different aspects (i.e., physical,
functional and behavioural parameters). The VIM is finally
modelled through the implementation of an ad-hoc ontology
[17] built upon a scoring system able to numerically
represent the behavioural status of a user [18].

D. Stakeholders Access

The PEGASO system included a web interface that
allowed researchers to control and modify some parameters
of the study setting, to monitor the users’ behaviours in an
anonymous manner. Moreover, through this portal the
teenagers could contact both the technical support service to
help them troubleshooting in case of problem with their apps
or devices, and ask questions to the physiology and nutrition
experts present in the project consortium.

Another interface allowed the PEGASO partners to offer
and update services for the users. The gamified approach
used for the design of the PEGASO applications allows the
user to collect FitCoins executing particular actions. These
FitCoins can be used to buy real services provided through
the “PEGASO City app”, which creates the bridge that



connects the digital world of the PEGASO system with the
physical world. Examples of provided services can be a ride
at the local bike sharing, one access to a local swimming
pool, a healthy snack at a local cafeteria et cetera. This
application plays a double role: first, it helps teenagers to find
places that have agreements with PEGASO and that provide
them opportunities for healthy behaviours. Second, it is a
channel between the PEGASO project and possible partners.

E. National Health System Connection

The connection between the PEGASO ecosystem and the
personal health folder is established through the BRIDGE
system. The BRIDGE consists of the components allowing
the extraction of some significant data collected and
elaborated into the PEGASO ecosystem and to create a report
to be shared with physicians into the personal health folder.
The users could manage their own data and decide to share it
with the physicians through a dedicated application called
“Report App”. The possibility to share the users’ data
concerning their lifestyle aimed at providing the physicians
with further information in order to better inform their
analysis of the users’ health status.

III. THE PILOT STUDY

A. Study Design

A pilot study was conducted aiming at assessing platform
acceptability, usability and technical security, as well as, user
satisfaction and preferences. The PEGASO system was tested
in 4 different pilot sites (one in Italy, one in Spain and two in
United Kingdom) where multiple schools accepted to
participate in the trial. A total number of 368 teenagers were
involved in the test. All of these teenagers created an account
in the platform. The breakdown by country is the following:
Italy: 99 teenagers, Spain: 119 teenagers, United Kingdom:
England: 100 teenagers and Scotland: 50 teenagers. The data
collection conducted during this pilot study lasted for 8
months and twenty days (from 1st October 2016 to 19th June
2017). The experimental procedures involving human
subjects described in this paper were approved by the
Institutional Review Boards in all the countries involved in
the pilot study.

B. Results and Discussion

Figure 2 depicts the number of active users over the
whole study period, although this was normalised meaning
that the different study start dates of the pilot sites are all set
on day 1 although they happened on different actual dates.
The percentage of adoption, more than half of the population
during the first two months, provides evidence that teenagers
are keen to be engaged in using smartphones to improve their
lifestyle. It is interesting also to note that teenagers rarely
used the sensing platform, which was composed of the two
wearable devices (the WWAT bracelet and the WES smart T-
shirt). Figure 2 clearly shows how very few young students
decided to use the wearable devices and in particular the
sensing clothes, which were introduced on day 136. This
outcome represents a very interesting and strong point to
optimize a prevention intervention with teenagers: this kind
of technologies is not a killer application for young people.
Indeed, they do not use them: maybe for supervision fear or
for the need to recharge frequently these devices (and this
operation could be perceived as boring or even refused), in

Figure 2. Evolution of the usage of Companion and wearable devices
(WWAT and WES) after their introduction at 136" day of the pilot study.
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any case wearable systems are not specific for this target
population. Only the smartphone is essential. These results
are not surprising, indeed, during the first stage of the user-
centred design process of the PEGASO project, teenagers
already expressed their scepticism about the adoption of
wearable devices for healthy lifestyles although they
acknowledged their important potential [20]. Moreover, these
results are confirmed by another recent study, in which the
findings suggest that wearable devices designed to support
healthy lifestyles may even have negative motivational
consequences in teenage users [21]. In Figure 3, it is possible
to analyse the use of the system with reference to the single
user’ activity. In this figure, only the access to the PEGASO
Companion is reported, which was anyway the main gateway
to access all the PEGASO services. It is interesting to note
that the stripes of yellow points show that some teenagers
were engaged on long periods of time, i.e., several weeks.
This provides evidence that when an adolescent is interested
in using a system for her health, she is committed to a
sustained use over time, although rarely this engagement
lasted for the whole 6-month period of the study. In addition
to the previous measurements, the users evaluated the
PEGASO Companion filling out two standard questionnaires:
the System Usability Scale (SUS) [22] and the Emotional
Metric Outcomes (EMO) [23]. The SUS is designed to
measure user’s subjective rating of a product’s usability. The
EMO is designed to assess the emotional outcomes of the
interaction between users and a product. Both questionnaires
were given to the adolescents towards the end of the pilot
study, precisely at month 6. The mean score for SUS for the
PEGASO Companion was 64.66 out of 100 (standard
deviation = 15.11). The percentage of participants that scored
more than 68 points on the SUS (which is the average) was
40.9% (110/269). The mean score for the EMO questionnaire
was 6.25 out of 10 (standard deviation = 1.41) and 38 of 269
participants (12.6%) scored 8 or more in the EMO
questionnaire. These results show that the teenage users
perceived the experience of use of the PEGASO system
being average meaning that the interface is not particularly
easy to use and with no great positive impact on their
emotions. However, it is important to note that there is a
group of users that evaluated the experience in a positive
manner, which can be linked to those users that showed a
long usage of the platform as depicted in Figure 3.



IV. CONCLUSION

This paper presents an overview of the PEGASO system
and discusses the results of the pilot study conducted in four
pilot sites in different European regions: Catalonia,
Lombardy, England and Scotland. The results of the pilot
study show that teenagers are keen to adopt smartphones as a
tool to improve their diet, physical activity and sedentary
behaviours in order to achieve a healthy lifestyle. On the
other hand, wearable devices are not able to engage
adolescents for the same purpose. This project shows that it is
important to keep investing in further research for the
development of mobile applications for the prevention of
non-communicable diseases and for the direct empowerment
of young users in order to involve them in a daily
engagement for the promotion of their health and wellbeing.

Figure 3. Graphic representation of users’ activity with the PEGASO
Companion during the pilot study. The four pilot sites started the test on
different dates and in this graph the test period has been normalized
rendering all the pilot sites tests starting on day 0.
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