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Introduction

In the last decade, the increasing availability of Internet connection has allowed researchers and health pro-
fessionals to design and deliver Internet-based interventions aimed at promoting health behavior change
(Ritterband and Tate, 2009; Webb et al., 2010). This phenomenon has been referred to as e-health and
defined as “a field in the intersection of medical informatics, public health and business, referring to health
services and information delivered or enhanced through the Internet and related technologies” (Eysenbach,
2001). Several e-health interventions are now available to people and can be classified into three categories
(Barak et al., 2009; Proudfoot et al., 2011): (i) on-line interactive therapy programs that provide highly
specialized treatment and feedback tailored to the characteristics of the user, delivered with and without
guidance from a human therapist, (ii) Internet-operated expert systems in which assessment and therapeutic
techniques based on decision rules and behavior change strategies are integrated, and (iii) education pro-
grams, digitized information, and online therapeutic communication services such as online counseling,
online discussion and support groups also through social networking sites, and ”ask an expert” websites.

These interventions address a variety of psychological, behavioral or physical health conditions and
studies in the literature have shown their feasibility and efficacy - see e.g. (Andersson et al., 2011; Grajales
III et al., 2014; Griffiths et al., 2006; Moorhead et al., 2013; Webb et al., 2010) for extensive reviews.

In recent years, the diffusion of smartphones and tablets has offered researchers and health professionals
new opportunities for developing and delivering e-health interventions. Indeed, mobile devices offer com-
puting capabilities comparable to those of desktop computers and all major mobile platforms, such as iOS
and Android, give developers the possibility to build special purpose apps. Mobile platforms let also apps
to obtain data from the sensors embedded into mobile devices, such as GPS, accelerometer or barometer, or
from external sensors that can be easily connected, such as wearable devices. This data can allow mobile
apps to infer where their users are and what they are doing (Klasnja and Pratt, 2012; Miller, 2012).

For these reasons, mobile apps are now exploited by health care professionals for several purposes, such
as medical training, disease diagnosis or the delivery of tailored interventions to clinical patients, creating
a branch of e-health referred to as m-health (Free et al., 2010) - see (Mosa et al., 2012) for a review. These
opportunities have also been explored by researchers outside the medical field that proposed a number of
mobile apps that are aimed at helping people learn, track and improve health conditions and behaviors
(in the following, health apps) (Boudreaux et al., 2014; Klasnja and Pratt, 2012), see (Donker et al., 2013;
Fiordelli et al., 2013; Free et al., 2013; Klasnja and Pratt, 2012) for reviews. This has also led the availability
of a large number of health apps in on-line app stores, such as Apple’s App Store or Google Play (Sama
et al., 2014; West et al., 2012). In most cases, these apps exploit the integration with Facebook to give
people the possibility to share their health behaviors with others or challenge other people in achieving a
health-related goal, e.g. lose weight or reach a specific fitness target (Klasnja and Pratt, 2012). In addition
to the mobile context, Facebook can be integrated with desktop on-line apps. As a consequence, a high
number of health-apps have appeared also on it (Fernandez-Luque et al., 2010).

However, despite the high availability of health apps for the general population, very few of them have
been created by healthcare experts and very few of them have been scientifically evaluated, see e.g. (Abroms
et al., 2011; de la Vega and Miró, 2014; Fernandez-Luque et al., 2010; Fiordelli et al., 2013; Hundert et al.,
2014; Wolf et al., 2013) for reviews. This scenario points out two problems:

• users do not have a health professional that monitors how they use such health apps. As a conse-
quence, these apps can be used in unpredicted ways. Moreover, too often there is nobody responsible
and available if an app is not working as expected or if something goes wrong (de la Vega and Miró,
2014);

• in most cases, such apps do not follow established guidelines or strategies for their health-related
purposes. If not scientifically evaluated, it is not possible to know if their use is beneficial to users.
Indeed, in the worst case, such apps can be detrimental to people. Moreover, unproven claims about
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the effectiveness of an app may also lead users to a feeling of helplessness and lack of control about
their illnesses (de la Vega and Miró, 2014; Wolf et al., 2013).

The goal of this thesis is to explore how some HCI methods can be used for designing and evaluating
health apps that target the general population. To this purpose, we present three case studies in different
domains, i.e. (i) mindfulness, (ii) neurological assessment, and (iii) psychological assessment and propose
a health app for each domain. Then, to improve the design or assess the efficacy of the app in different
contexts of use we employ some of the traditional HCI methods, i.e. quantitative as well qualitative, in the
lab as well as in situ, and a recently proposed approach, i.e. research in the large. Research in the large
is a methodology that embeds a research apparatus into a mobile or Facebook app and makes it publicly
available to attract a possibly large number of users.

Overall, the work presented in this thesis aims at addressing the following research questions:

• RQ1: Can a mobile mindfulness app be as effective as traditional mindfulness techniques?

• RQ2: Can a mobile mindfulness app help people increase their level of mindfulness over time?

• RQ3: Can a mobile assessment app provide users with a reliable assessment of their neuromotor
performance?

• RQ4: How to employ research in the large to evaluate health apps in situ?

• RQ5: How to employ research in the large to collect data for scientific studies?

• RQ6: What kind of data research in the large can provide with respect to lab evaluations?

This thesis is organized as follows: in Chapter 1 we provide an overview of the available health apps
for the general population and introduce research in the large, discussing also its strengths and weaknesses.

Chapter 2 focuses on AEON, the mobile mindfulness app that we propose. In particular, we first de-
scribe the design process of AEON that we carried out by analyzing the difficulties that people could
encounter when approaching mindfulness. Then, we illustrate the three evaluations that we conducted to
evaluate its effectiveness in helping people practice mindfulness in different contexts of use, i.e. (i) a quan-
titative lab study, (ii) a qualitative in situ 5-week study and (iii) a quantitative in situ 4-week study with
research in the large.

Chapter 3 deals with MotorBrain, the mobile app for neurological assessment that we developed by
collaborating with a domain expert. The app offers gamified versions of six motor tests traditionally used
by neurologists for the assessment of users’ motor skills. Moreover, it aims at collecting a large amount of
motor skills data for building a database to be used in neurological studies. In Chapter 3, we describe the
first prototype of the app that we developed, as well as the qualitative study we carried out to investigate
users’ experience with it. Then, we illustrate the second prototype of MotorBrain that we designed. Finally,
we describe the quantitative evaluation we employed to investigate whether the data collected by the app
can be effectively used for the assessment of users’ motor performance.

Chapter 4 focuses on Psicoscrigno, the Facebook app for psychological assessment that we propose. The
app offers people a standardized questionnaire for the assessment of problematic Internet use (PIU). In this
case study, we exploited the possibilities of research in the large to make the app available to a large number
of users as well as carrying out a correlational study to better describe PIU in terms of personality traits. To
this purpose, we included into Psicoscrigno also a valid and reliable assessment of time perspective (TP),
i.e. an individual difference that has been related to different problematic human behaviors. In Chapter 4
we first describe Psicoscrigno. Then, we describe and discuss the correlational study we carried out with
research in the large to study the relationship between TP and PIU.

Finally, the thesis draws conclusion and outlines future work.
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Thesis Background

In this chapter, we introduce two key topics of this thesis: (i) health apps, and (ii) research in the large.
In particular, in Section 1.1, we briefly outline the scope and purposes of the health apps that are available
to the general population. Then, we provide two classifications for such apps, one based on their functions
and goals, and one based on the health conditions and behaviors that they target. In Section 1.2, we first
provide the original definition of research in the large and the one we propose to extend its scope. Then, we
describe the advantages and the possible challenges of using such study methodology.

1.1 Health Apps for the General Population
Currently, a growing number of health apps is available on on-line app stores (Sama et al., 2014; West et al.,
2012), such as Apple’s App Store and Google Play, as well as on social networks (Fernandez-Luque et al.,
2010; Grajales III et al., 2014) such as Facebook. Such apps address a wide range of health conditions
and behaviors, such as headache or healthy eating, and offer people the possibility to (i) learn about health,
wellness and fitness, (ii) track health conditions or behaviors, and (iii) improve health outcomes (Boudreaux
et al., 2014; Klasnja and Pratt, 2012). To offer their functionalities, health apps can exploit the fact that
mobile devices are always with people. Indeed, mobile apps can collect data from the smartphone’s internal
sensors, e.g. GPS or accelerometer, or from external devices, such as wearable technologies to infer where
they users are and what they are doing. This information can be used to trigger clues for behavior change
at the most appropriate time or offer people methods to easily collect their health-related data. Finally, the
integration with social networks such as Facebook offers users of desktop and mobile apps the possibility to
share their health conditions or behaviors with others or challenge other people in achieving a health-related
goal, e.g. lose weight (Klasnja and Pratt, 2012; West et al., 2012).

Users can easily find and install health apps by browsing on-line app stores or Facebook’s App Center,
i.e. a web page where all the integrated mobile and desktop apps can be found. In particular, on-line app
stores, such as Apple’s App Store and Google Play, offer users a specific category, called “Health & Fit-
ness”, where all the available health apps are listed. According to a recent market research, in 2013 there
were 97000 health apps on on-line app stores (research2guidance, 2013). Recently, a number of web sites
that offer users a list of the available health apps have emerged, e.g. My Health Apps (Myhealthapps.net,
2014) - see (Boudreaux et al., 2014) for a review. In particular, such web sites are aimed at evaluating
the usability, functionality, accuracy of the content and efficacy of health apps to be used by consumers,
healthcare providers and healthcare organizations (Boudreaux et al., 2014).

However, despite the high availability of health apps, very few of them have been scientifically eval-
uated or created by healthcare experts. Moreover, very few of them adhere to well-established strategies
for health behavior change, e.g. the Theory of Planned Behavior (Ajzen, 1991), or practices employed
in traditional health interventions. The only health apps that underwent such scientific scrutiny are those
created ad-hoc for research purposes, but very few of them are available to the general population, see e.g.
(Abroms et al., 2011; de la Vega and Miró, 2014; Donker et al., 2013; Fiordelli et al., 2013; Hundert et al.,
2014; Klasnja and Pratt, 2012; Weaver et al., 2013) for reviews.
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In the following, we employ the two classifications proposed by West et al. (2012) to briefly survey
the existing types of health apps for the general population. Such classifications were originally proposed
for mobile health apps but they can be applied also to desktop health apps on Facebook. In particular,
the first classification considers the functions or goals of the available health apps and is adapted from the
Precede-Proceed Model (PPM) for health promotion planning and evaluation (Green and Kreuter, 1991).
The second classification considers the health conditions or behaviors that are targeted by the available
health apps and is based on the Health Education Curriculum Analysis Tool (HECAT) (US Department of
Health and Human Services, 2008).

1.1.1 Functions or Goals of the Available Health Apps

The Precede-Proceed Model is a framework for the evaluation and design of effective health interventions
(Green and Kreuter, 1991). According to the PPM model, a health behavior is influenced by both individual
(Precede) and environmental (Proceed) factors.

West et al. (2012) focus on the individual factors of the PPM model for classifying the available health
apps according to their functions and goals. Such factors are: (i) predisposing factors, (ii) reinforcing fac-
tors, and (iii) enabling factors, and they can be used to classify a health app as a (i) predisposing app,
(ii) enabling app, and (iii) reinforcing app. According to West et al. (2012), the three categories are not
mutually exclusive. For example, a health app can be both predisposing and enabling. In the following, we
briefly describe such factors and the health app categories they define.

Predisposing and enabling factors are antecedents to behavior. In particular, predisposing factors include
knowledge, attitudes, beliefs, personal preferences, existing skills, and self-efficacy towards the desired be-
havior change (Green and Kreuter, 1991). Predisposing apps are those health apps that precede a target
behavior and aim at: (i) offering people knowledge or fostering awareness of health conditions or health
outcomes, e.g. by providing information on risks of alcohol abuse, (ii) providing health information, e.g.
by presenting information regarding ways to prevent sexually transmitted diseases, (iii) influencing users’
beliefs, values, or attitudes, e.g. by discussing common reasons to avoid tobacco in an effort to assist the
user in quitting smoking, and (iv) enhancing users’ confidence or motivation, e.g. by convincing people
that they can change their diet (West et al., 2012).

Enabling factors are skills or physical factors, such as the availability of resources, or services, such
as tracking capabilities, that can facilitate the achievement of motivation to change behavior (Green and
Kreuter, 1991). Enabling apps are those health apps intended to be used at or around the same time as the
desired behavior. In particular, such apps are aimed at facilitating a health behavior change through: (i)
teaching a skill, e.g. by showing pictures and instructions on how to perform healthy stretching, (ii) provid-
ing a service, e.g. by geo-locating places for physical activity, and (iii) tracking progress and/or recording
behavior, e.g. by offering a calorie counter or by automatically tracking the distance that the user has run
(West et al., 2012).

Finally, reinforcing factors include factors that reward or reinforce the desired behavior change, includ-
ing evaluations or feedback, social support, and rewards (Green and Kreuter, 1991). Reinforcing apps are
those health apps that (i) interface with a social network, e.g. by automatically uploading to Facebook the
distance that the user has run, (ii) provide encouragement from trainers or coaches, e.g. by offering an easy
communication with a coach, and (iii) include an evaluation based upon the user’s self-monitoring, e.g. by
providing feedback about user’s reports of his/her physical activity (West et al., 2012).

1.1.2 Health Conditions or Behaviors Targeted by Health Apps

The Health Education Curriculum Analysis Tool (HECAT) is an assessment tool developed by the U.S.’s
Centers for Disease Control and Prevention, and contains guidance, appraisal tools, and resources to conduct
a clear, complete, and consistent examination of health education curricula (US Department of Health and
Human Services, 2008). In particular, the HECAT defines eight health education content areas, i.e. (i)
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alcohol, and other drugs, (ii) healthy eating, (iii) mental and emotional health, (iv) physical activity, (v)
safety, (vi) sexual health, (vii) tobacco, and (viii) violence prevention.

West et al. (2012) merged some content areas, i.e. (i) alcohol, and other drugs with (ii) tobacco, and
(iii) safety with (iv) violence prevention. Then, they employed the resulting seven categories to classify the
available mobile health apps. Also in this case, the categories are not mutually exclusive. We describe such
categories in the following.

1.1.2.1 Alcohol, Tobacco, and other Drugs

The health apps in this category are those aimed at supporting people in the reduction or recovery from
alcohol, tobacco or drug addiction. To this purpose, such apps can offer people information on the risk of
substance abuse and on how to find and share meetings with experts or consultants. Other strategies that
these apps employ include tracking capabilities, e.g. for letting people log the days since they quit smoking,
triggering recommendations or advice, and giving motivational enhancement if the user is succeeding in
reducing a substance use (Abroms et al., 2011; Cohn et al., 2011; Weaver et al., 2013).

Extensive reviews of the available mobile health apps related to alcohol consumption are provided in
(Cohn et al., 2011; Weaver et al., 2013), while Abroms et al. (2011) provide an overview of the available
mobile health apps for smoking cessation.

1.1.2.2 Healthy Eating

The available health apps for healthy eating are those aimed at helping people follow a healthy diet and/or
lose weight. To this purpose, such apps provide users with information on healthy meals or drinks, nutri-
tional breakdown of specific food items, and healthy recipes and cooking tips. These apps can also suggest
people local groceries or restaurants where to buy or consume healthy food, and persuade them to per-
form physical activities. Moreover, these apps can offer users tracking capabilities, e.g. calories counters,
journals of eaten food or logs of physical activities performed. Finally, they can provide users with the
possibility to set a weight loss or maintenance goal and share their progress with friends, e.g. on Facebook,
or with an expert (Azar et al., 2013; Breton et al., 2011; Pagoto et al., 2013; West et al., 2012).

Extensive reviews of mobile health apps in this category are provided in (Azar et al., 2013; Breton et al.,
2011; Pagoto et al., 2013).

1.1.2.3 Mental and Emotional Health

The health apps in this category address mental or emotional health symptoms or disorders, such as stress,
gambling, binge eating, depression or anxiety (Donker et al., 2013; West et al., 2012). Such apps can
offer people information on a specific disorder and reference tests or diagnostic tools, e.g. an interactive
questionnaire to assess anxiety. In Chapter 4, we provide a survey of the desktop on-line apps that offer an
assessment of a particular mental health condition, i.e. problematic Internet use.

Health apps in this category can also provide people with self-help treatments and therapies to reduce a
specific disorder, e.g. by presenting teaching materials through audio or videos. Such treatments can also
offer people the possibility to contact an expert. A survey of the available mobile health apps for depression
is provided in (Martínez-Pérez et al., 2013).

Recently, a number of mobile apps for mental health that are based on meditation and mindfulness
techniques have appeared, see (Plaza et al., 2013) for a review of mindfulness apps. In Chapter 2, we
provide a survey of those mobile apps that exploit some form of interactivy to support people practice
midfulness.

1.1.2.4 Physical Activity

Health apps in this category are those aimed at promoting physical activities among users. To this purpose,
they can provide information and guidance for performing physical exercises, suggest places or facilities to
perform them, and provide a calendar of local races and competitions. Other strategies that such apps can
employ include the monitoring and automatic logging of physical activities, e.g. by collecting data from
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GPS or wearable devices, the provision of performance feedback to users, and the possibility to contact a
coach or a trainer. Finally, such apps can offer users the possibility to set specified goals to achieve, can give
motivational enhancement, e.g. if intermediate goals have been achieved, and let them share their progress
with friends, e.g. through Facebook (Cowan et al., 2012; Middelweerd et al., 2014; West et al., 2012).

Extensive reviews of the available mobile health apps for physical activity are provided in (Cowan et al.,
2012; Middelweerd et al., 2014).

1.1.2.5 Violence Prevention and Safety

The available health apps in this category focus on (i) first aid and emergency preparedness, and (ii) injury
prevention (West et al., 2012). To this purpose, such apps can employ video, interactive quizzes, or offer
step-by-step guides to teach people how to handle common emergencies, such as an asthma attack, or to
avoid common injuries, such as snakebite.

A review of mobile apps for sports injury prevention is provided in (van Mechelen et al., 2014).

1.1.2.6 Personal Health and Wellness

Health apps in this category focus on hygiene, oral or skin care, sleep, and specific diseases, e.g. anemia or
migraine (West et al., 2012). Such apps can offer information on how to maintain a health behavior such as
oral hygiene, how to prevent a specific disease such as cancer, and how to check its symptoms. Apps in this
category can also offer possible remedies based on traditional or complementary and alternative medicine,
e.g. by offering videos of exercises for alleviating physical pain. Other features that such apps can offer
include methods for managing a particular health condition, such as reminders for medications and tracking
capabilities for medications and disease-related parameters, e.g. level of insulin or headache intensity.

Several reviews are available for the health apps in this category. For example, Martínez-Pérez et al.
(2013) surveyed the available mobile health apps for iron-deficiency anemia, hearing loss, migraine, low
vision, asthma, diabetes mellitus, osteoarthritis, and unipolar depressive disorders. Other reviews focus on
a specific health condition, such as diabetes (Chomutare et al., 2011; El-Gayar et al., 2013), cancer (Bender
et al., 2013), melanoma (Wolf et al., 2013), headache (Hundert et al., 2014), and physical pain (de la Vega
and Miró, 2014; Rosser and Eccleston, 2011).

1.1.2.7 Sexual and Reproductive Health

The health apps in this category focus on sexuality, reproduction, pre and postnatal care, and sexually
transmitted diseases (STDs) (West et al., 2012). In particular, the apps that target sexuality and reproduction
offer users automatic or manual methods for logging sexuality activities, ovulation and menstrual cycles
(Lupton, 2014). The apps that target STDs aim at informing the user on how to reduce sexual transmission
risks or where to finding testing centers. Such apps can also offer self-diagnosis tests for STDs. Other apps
in this category specifically target people diagnosed with HIV or other STDs, and offer them medication
adherence tracking and reminders, medication interaction information, medical appointment calendars and
reminders, doctor/clinic names and locations, and symptoms/side effects trackers (Muessig et al., 2013).

A review of the available mobile health apps for the care and prevention of HIV and other STDs is
provided in (Muessig et al., 2013), while Lupton (2014) reviews mobile health apps for sexuality and
reproduction self-tracking.
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1.2 Research in the Large
The term research in the large originates from the HCI community and indicates a methodology that embeds
a research apparatus into a mobile app and makes it publicly available on app stores, such as Apple’s App
Store or Google Play, to attract a possibly large number of users (Poppinga et al., 2012). Mobile apps can
collect data from users as well as from devices and, through the integration with Facebook, capture also
users’ social activities. Indeed, by offering users the possibility to log in, Facebook allows a mobile app to
collect data about their social behavior, such as how they chat or become friends. In this way, researchers
can gain data for statistical analysis, run studies with a heterogeneous sample of participants and observe
behavior in naturally occurring user contexts (Böhmer and Krüger, 2014; Henze and Pielot, 2013; Miller,
2012; Wilson et al., 2012).

In addition to mobile apps, Facebook allows also desktop on-line apps to be integrated into its platform
and collect data about users social behavior (Wilson et al., 2012).

In this thesis, we broaden the scope of research in the large, considering it as “a methodology that em-
beds a research apparatus into a mobile or desktop on-line app (in the following, research app) and makes
it publicly available on app stores or Facebook”.

Research in the large has been used in several studies within the HCI community, see (Böhmer and
Krüger, 2014) for a review, but also in the field of psychology, e.g. (Bless et al., 2013; Dufau et al., 2011;
Killingsworth and Gilbert, 2010) or social science, see (Błachnio et al., 2013; Wilson et al., 2012) for
reviews. In the following, we focus on those studies that investigated the research approach itself with
the aim of providing guidelines for other researchers and identifying possible challenges. Such studies are
summarized in Table 1.1.

Table 1.1: Studies that investigate advantages and challenges of using research in the large

Study Study goal and brief description
(Blunck et al., 2013) Investigate the source of data heterogeneity when using research

in the large. Description of three case studies with three mobile
apps that collected sensors’ data.

(Coulton and Bam-
ford, 2011)

Study the effects that the behavior of an app store has on a mobile
app lifecycle. Description of the design, implementation and
distribution of three mobile games.

(Cramer et al., 2010) Summarize advantages and challenges of research in the large.
(Ferreira et al., 2012) Identify advantages and challenges of using research in the large.

Description of a 4-week long study of a mobile app that collected
data on users’ habits with battery charging.

(Henze et al., 2011a) Identify advantages and challenges of using research in the large.
Description of five experiments carried out with five mobile
apps.

(Henze and Pielot,
2013; Henze et al.,
2013)

Summarize advantages of using research in the large based on
the authors’ previous experience. Provide a step-by-step guide
for conducting large-scale studies with research in the large.

(Kranz et al., 2013) Investigate users’ behavior with app updates and the adoption
of near-field communication technology (NFC) by publishing a
gamified app.

(Schleicher et al.,
2011)

Identify advantages and challenges of using research in the large.
Description of a 4-week study conducted with a mobile app that
let users share real-time opinions during the soccer 2010 world
cup.

(McMillan et al.,
2013)

Provide a set of ethical guidelines for conducting studies with
research in the large.
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Table 1.1: Studies that investigate advantages and challenges of using research in the large

Study Study goal and brief description
(Miller, 2012) Identify advantages and challenges of using research in the large

for running psychological experiments.
(Miluzzo et al., 2010) Identify advantages and challenges of using research in the large.

Description of the development, distribution and support of a
mobile app for creating social networks by using the smart-
phone’s onboard sensors.

(Wilson et al., 2012) Identify advantages and challenges of using research in the large
for studying human social behavior.

In the following, we point out the advantages and challenges of using research in the large that have
been identified by the studies summarized in Table 1.1.

1.2.1 Advantages of Research in the Large
We briefly illustrate the advantages offered by research in the large according to the following classification:
(i) opportunities, i.e. what are the opportunities offered by research in the large, (ii) ecological validity, i.e.
what are the aspects that can increase the ecological validity of a study carried out with research in the large,
and (iii) external validity, i.e. what are the factors that can enhance the external validity of an experiment
carried out with such research approach.

1.2.1.1 Opportunities

Almost all studies summarized in Table 1.1 agree that research in the large gives the possibility to reach
a large number of users. Indeed, by publishing an app on on-line app stores or Facebook, thousands of
participants can be recruited for a study, thus not limiting the recruitment on those participants available in
the local area of researchers.

In this way, a lot of data can be gathered that can be used for:

• remotely evaluate an app, e.g. test the performance of an algorithm (Cramer et al., 2010);

• answer specific research questions or run controlled experiments (Ferreira et al., 2012; Henze and
Pielot, 2013; Henze et al., 2013; Kranz et al., 2013; Miller, 2012; Wilson et al., 2012). For example,
the concept behind a research can be verified by analyzing the data collected when an app is actually
used by people. Alternatively, two different versions of an app, each one representing a different
experimental condition, can be compared and users can be randomly assigned to one of the two
conditions;

• develop and refine an app (Kranz et al., 2013; Ferreira et al., 2012; Miluzzo et al., 2010). For example,
an early version of an app can be published. Then, by analyzing the data collected by the app and
the feedback provided by the users, bugs could be identified and resolved, and new functionalities
added. Such modifications can be delivered by publishing an app update and the whole process can
be iteratively repeated.

1.2.1.2 Ecological Validity

Another important aspect of research in the large is that it allows to increase the ecological validity of
experiments (Cramer et al., 2010; Henze and Pielot, 2013; Miller, 2012; Wilson et al., 2012). Ecological
validity concerns the extent to which findings of an experiment generalize to other settings, e.g. from the
laboratory to a field setting or from one field setting to another (Coolican, 2009). With research in the large,
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it is possible to unobtrusively observe how people use a mobile app or a smartphone in their everyday life
and also capture details about their context of use, e.g. by tracking how users interact with other apps or
where they use the smartphone through GPS data. More insight on user’s context can also be obtained by
combining qualitative and quantitative data (Cramer et al., 2010; Henze and Pielot, 2013; Miller, 2012).
Finally, if a research app exploits the integration with Facebook, research in the large makes it possible to
capture human social behavior, e.g. how people chat and become friends, that was difficult to assess with
traditional studies (Wilson et al., 2012).

1.2.1.3 External Validity

In addition to higher ecological validity, research in the large allows to enhance the external validity of
studies (Ferreira et al., 2012; Henze et al., 2011a; Henze and Pielot, 2013; Miller, 2012; Wilson et al.,
2012). External validity refers to the extent to which the findings of an experiment generalize beyond the
exact experimental setting, e.g. to other people or other cultural contexts (Coolican, 2009). With a large
number of users from different countries, it is possible to (i) compare data among different cultural contexts
or demographic groups and (ii) derive conclusions that are not limited to a particular country or culture but
apply to the global population (Henze and Pielot, 2013; Wilson et al., 2012).

However, there are a lot of challenges that have to be addressed when using research in the large, which
are described in the following section.

1.2.2 Challenges of Research in the Large
We briefly illustrate the challenges of using research in the large according to the following categories: (i)
internal validity, i.e. what are the factors that can threaten the internal validity of the experiments carried
out with such research methodology, (ii) data heterogeneity, i.e. what are the sources and the types of
heterogeneities that can be present in the data collected, (iii) qualitative data, i.e. what are the reasons that
make it difficult to obtain qualitative data, (iv) demographic data, i.e. what are the factors that make it
difficult to obtain and verify demographic data, (v) ethical, i.e. what are the ethical principles that can be
violated when using research in the large, and (vi) apps adoption and usage, i.e. what are the causes that
could impede a high adoption or a long-term use of a research app.

1.2.2.1 Internal Validity

One of the main challenges of research in the large is the fact that the internal validity of the experiments
could be threatened (Henze and Pielot, 2013). Internal validity reflects the extent to which there is a causal
effect between the independent and dependent variable of an experiment. It is high when the manipulation
of the former can be held responsible for the observed effects in the latter (Coolican, 2009). When carrying
out experiments with research in the large, it is impossible to directly observe users. As a consequence,
users could use a research app in an unpredictable way, creating another experimental condition, or they
could directly manipulate the independent variable, for example by turning on or off a certain app feature
that serves as the experimental condition (Ferreira et al., 2012; Henze et al., 2011a; Miller, 2012; Miluzzo
et al., 2010). Moreover, there could be environmental conditions that could act as confounding factors,
which are typical of HCI studies conducted outside the lab (York and Pendharkar, 2004). For example,
users can use an app when riding a bus, a condition that can affect touch input capabilities, or they can use
an app outdoor and the sunlight can affect screen readability. However, as pointed out by Henze and Pielot
(2013), the large number of users that can be reached with research in the large can factor out individual
differences and contextual effects, allowing studies to maintain a reasonable internal validity.

1.2.2.2 Data Heterogeneity

Other challenges of research in the large reside in the large amount of data that can be collected. In partic-
ular, when using a mobile research app there could be a lack of homogeneity due to the different hardware
and operating systems of smartphones (Blunck et al., 2013). Since users are not directly observed and their
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qualitative feedback could be missing, a lot of effort could be needed to understand such data (Cramer et al.,
2010; Ferreira et al., 2012; Henze et al., 2011a; Miller, 2012; Schleicher et al., 2011). Blunck et al. (2013)
identified three types of data heterogeneity that can emerge when collecting data from mobile apps, but can
be applied also to desktop on-line apps: (i) user heterogeneity, (ii) device heterogeneity, and (iii) project
heterogeneity.

User heterogeneity refers to the data heterogeneity caused by users. Indeed, as pointed out before, they
could use a research app or their smartphone in unpredictable ways, generating different types of data. In
addition, they might customize their smartphone or web browser in manners that impact the collection of
data, e.g. by enabling and disabling location or communication features, such as Wi-Fi or Bluetooth, or
modifying access rights for apps.

Device heterogeneity refers instead to the data heterogeneity that is specifically due to the characteristics
and capabilities of the mobile devices used for the data collection. Nowadays there is a high range of
smartphone models that present crucial dissimilarities across their hardware, such as GPS, network chips
and sensors, and the availability of such hardware. For this reason, it could be difficult to directly compare
sensing data from one smartphone to another, even if the devices are of the same model, as they could have
different hardware or firmware revisions. Other sources of data heterogeneity can be due to the different
operating systems, even different versions of the same one. For example, a particular sensor might not be
accessed from a specific platform, or a service may behave differently across different operating system
revisions.

Finally, project heterogeneity indicates the data heterogeneity that could emerge when different versions
of the same mobile app are available. For example, an app upgrade might introduce new features, such as
use of hitherto unused sensors, user input elements, or change data representations.

For all of the above described reasons, it could be difficult to understand the data collected by a research
app or compare data generated by different users (Miller, 2012).

1.2.2.3 Qualitative Data

As pointed out in the previous section, another challenge of research in the large is the fact that it could be
difficult to get qualitative feedback from users, since they are not met in person. For this reason, it could be
hard or impossible to understand participants’ behavior or answer a particular research question (Ferreira
et al., 2012; Henze et al., 2011a; Miluzzo et al., 2010; Schleicher et al., 2011).

For mobile research apps, a source of qualitative data could be the comments that users write on the
app’s description page inside the app store. However, not all app stores allow developers to directly reply
to users, and thus clarify the aspects that are not clear. Furthermore, users comments and ratings cannot
be deleted. As a result, since they are particularly trusted among users, the bad comments and low ratings
could affect users’ willingness to download a research app (Ferreira et al., 2012; Kranz et al., 2013). For
desktop research apps, users can only provide a rating by default and, also in this case, it cannot be deleted.
However, Facebook allows developers to connect a description page to their apps. When available, users
can use such page to send a direct message to developers or post a comment. In this case, users’ comments
can easily be deleted by developers.

Another source of qualitative data for mobile research apps could be the e-mail address that on-line app
stores require developers to indicate when publishing an app. However, this method tend to be used very
rarely by users (Ferreira et al., 2012; Henze et al., 2011a).

As a possible solution, originally proposed for mobile apps but applicable also to desktop apps, Ferreira
et al. (2012) and (Henze et al., 2011a) suggest to use a feedback form directly into the research app. This
mechanism could make it easy for users to send their comments on the app and, at the same time, possibly
avoid that they provide low ratings or write bad comments on the on-line app stores or on a Facebook page.
Moreover, to encourage users, the app can reward them each time they provide feedback, e.g. by unlocking
new features. However, it is impossible to avoid that users provide feedback only to get the rewards, thus
obtaining nonsense words. As suggested by Henze et al. (2011a), if deep qualitative data is needed, other
study methodologies should be considered.
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1.2.2.4 Demographic Data

Other than qualitative data, also demographic data could be difficult to obtain when using research in the
large. Indeed, on-line app stores do not share demographics of users and also when such data can be
collected it is not possible to verify it, as users are not met in person (Cramer et al., 2010). The situation
might be different in the case of Facebook, since it requires users to indicate their demographic data at
the time of registration and an integrated app can ask users the permission to access it. Moreover, several
studies in the literature have found that the information provided by users on their Facebook profile tend to
be accurate - see (Wilson et al., 2012). As pointed out by Wilson et al. (2012), this might be explained by the
fact that people become friends on Facebook after being off-line friends. Thus, if a user presents inaccurate
information on the Facebook profile, his/her on-line friends, who are also friends in the real world, would
realize that the user was not telling the truth.

However, when demographic data can be obtained, other challenges must be taken into consideration:

• smartphone or Facebook users could not reflect the general population (Cramer et al., 2010; Ferreira
et al., 2012; Henze et al., 2011a). For example, as they have to use a smartphone or a desktop
computer, they could be more tech-savvy people;

• users of different mobile platforms can be very different. For example, as pointed out by Cramer et al.
(2010), “a common stereotype is that more wealthy users or design-oriented users are associated with
the iPhone platform, while geeks with the Android one”.

For these reasons, the results of an experiment carried out with research in the large methodology cannot
easily be generalized to the world population. However, this situation may change in the near future given
the increasingly adoption of smartphones and Facebook by users. Indeed, a recent market research pointed
out that the number of smartphone users will reach 2.73 billion by 2018, with a penetration by population
of 36.25%. Similarly, Facebook users will reach 1.56 billion by 2018, with a penetration by population of
20.9% (EMarketer, 2014).

1.2.2.5 Ethical

As in traditional HCI user studies, there are some ethical principles that must be taken into consideration
when using research in the large. Several studies listed in Table 1.1 agree that users must be informed about
the nature of the study and the data collection purposes and process. This information should be included
into a Terms and Conditions (T&C) page shown after the first launch of a research app, or in a web page
whose link is provided by the app, and possibly written in different languages. Moreover, the research app
should only collect data related to its purposes. Users should be able to opt-out from a study and they should
have the possibility to ask for the deletion of their collected data. Finally, data must be anonymized, and
sent to the researchers and saved in a secure manner. Given the increasing adoption of research in the large,
sets of ethical guidelines have emerged, e.g. (McMillan et al., 2013), which synthesize the principles above
described.

These principles are implicitly implemented when exploiting the integration with Facebook. Indeed,
Facebook requires each app to explain what information it will collect. Moreover, it requires developers
to indicate a web page that explains how the data will be saved and used (Wilson et al., 2012). However,
studies in the literature pointed out that very few users read the T&C page and thus they are not aware that
their data will be collected (Cramer et al., 2010; McMillan et al., 2013). Thus, given the lack of in-person
meetings with users, it could be very difficult to brief them about the nature of the study and to see whether
they are capable to take part, e.g. they are an adult of sound mind. Debriefing could also become impossible
when participants dropped out from the study by deleting a certain research app or by not using it anymore
(McMillan et al., 2013).

1.2.2.6 Apps Adoption and Usage

Other challenges of research in the large are related to users app adoption. Since on-line app stores and
Facebook offer a high number of apps, and they do not have a category dedicated to research apps, it could
be difficult for users to find and install a certain research app (Ferreira et al., 2012; Schleicher et al., 2011).
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Other problems that could affect the adoption and usage of a research app can be due to the specific
platform characteristics and behavior. For example, the Apple’s App Store requires a review time before a
submitted app will be made publicly available. This can delay the diffusion of an app and of its subsequent
updates (Cramer et al., 2010; Miluzzo et al., 2010; Schleicher et al., 2011). Moreover, if the platform of an
app store or Facebook encounters some problems, a research app could not work as expected or be available
any more. For example, Coulton and Bamford (2011) published their apps on Nokia WidSets, an early app
store run by Nokia until 2009. At a certain point during one of their study, the app store was updated to
provide new functionalities to the apps. However, a bug in the update made the app under evaluation not
work correctly and as a consequence all participants abandoned it. Furthermore, in a subsequent moment,
the app store was taken offline, putting an end to the study.

Another challenge regards the fact that research apps are used only for a short period of time (Coulton
and Bamford, 2011; Ferreira et al., 2012; Henze et al., 2011a; Miluzzo et al., 2010; Schleicher et al., 2011).
For example, Coulton and Bamford (2011) found that generally users of their two research apps used them
only on the day of the download. Similarly, Schleicher et al. (2011) pointed out that in their study, 42% of
participants of used the research app occasionally or just once, with only 27% of users were still active at
the end of the 4-week study period. This could due to the fact that users are not accustomed to research
apps and to participate in a study by installing them and need to perceive they are receiving clear benefits
from using them (Ferreira et al., 2012; Miluzzo et al., 2010). For these reasons, it is difficult to carry out
long term studies with research in the large (Coulton and Bamford, 2011; Henze et al., 2011a; Schleicher
et al., 2011).

To encourage a high adoption and long-term usage of research apps, some researchers have suggested
to:

• advertise a research app, e.g. inside Facebook or the app store (Cramer et al., 2010; Schleicher et al.,
2011). However, as the advertisements can require costs, researchers should plan in advance a budget
for that (Cramer et al., 2010);

• design apps that are very good-looking, similar to commercial apps (Coulton and Bamford, 2011;
Kranz et al., 2013; Schleicher et al., 2011). Moreover, apps must be bug-free, stable, well-performing
and, in the case of mobile app, seamlessly integrated with the operating system appearance and
behavior (Ferreira et al., 2012; Henze et al., 2011a; Miller, 2012; Miluzzo et al., 2010);

• use fun and competitive elements and devise an incentive mechanism, such as in-app rewards, to keep
users engaged (Coulton and Bamford, 2011; Ferreira et al., 2012; Henze and Pielot, 2013; Miluzzo
et al., 2010). Moreover, users should be provided with methods to communicate, share opinions and
see the performance of other users (Coulton and Bamford, 2011; Schleicher et al., 2011). Examples
of desktop on-line apps that employed fun elements to attract users and collect a large amount of data
are the Games With A Purpose that we survey in Chapter 3.
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Design and Evaluation of Mobile

Mindfulness Apps

In the first case study, we focus on the Mental and Emotional Health category (see Section 1.1.2). Among
the possible topics in this category, we considered mindfulness, due to the positive effects it brings on
people. Extensive reviews of the positive effects of mindfulness are provided in Brown et al. (2007), Chiesa
and Serretti (2011) and Keng et al. (2011).

Originally associated to specific meditation techniques (Kabat-Zinn, 1990), a more recent definition
considers mindfulness as a psychological process that consists of two components: orientation to experi-
ence, which refers to an orientation of curiosity, openness and acceptance toward one’s experience, and
self-regulation of attention, which refers to the non-elaborative awareness of mental events, i.e. thoughts,
feelings and sensations, as they arise (Bishop et al., 2004). Some authors refer to self-regulation of atten-
tion as (i) decentering, defined by Safran and Segal (1996) as “the ability to observe one’s thoughts and
feelings as temporary, objective events in the mind, as opposed to reflections of the self that are necessarily
true”, or detached mindfulness, defined as “a state of awareness of internal events, without responding to
them with sustained evaluation, attempts to control or suppress them, or respond to them behaviorally”
(Wells, 2006). Decentering is considered particularly important in the literature because it can be helpful in
reducing negative emotional states, such as worry and ruminative thinking, by helping individuals realize
that their thoughts are impermanent events in the mind - see (Querstret and Cropley, 2013) for a review.
Typically, decentering is achieved by practicing techniques that require individuals to be aware of their
thoughts and to observe them while they pass by, without acting or grasping on them, and without trying
to suppress them (hereinafter, we refer to this kind of practice as distancing from thoughts). Unfortunately,
distancing from thoughts, as any other mindfulness practice can be difficult for people with no or minimal
experience with meditation (in the following, naive meditators) (Kabat-Zinn, 2005; Segal et al., 2002). This
can discourage them to start practicing or lead them to abandon the practice soon. There is thus the need
to explore new and simpler ways to bring the benefits of mindfulness to people. This has captured the
attention of the HCI community that has started proposing new, computer-based interactive approaches to
help people practice it, e.g. (Thieme et al., 2013; Vidyarthi et al., 2012). However, such approaches rely
on special hardware and settings, making them scarcely accessible to the general public and restricting the
times and locations in which they can be used. These limitations could be overcome by mobile apps that run
on common smartphone hardware without needing additional equipment. Currently, an increasing number
of mobile mindfulness apps is available on online markets such as Apple’s App Store or Google Play, see
(Plaza et al., 2013) for a recent review on Android apps. However, none of these apps has been formally
evaluated (Plaza et al., 2013) and thus it is not possible to understand whether they are effective in helping
people achieve mindfulness, or could instead be ineffective or detrimental.

For this case study, we developed a mobile enabling app (see Section 1.1.1 for the PPM classification)
that aims at supporting people during the practice of distancing from thoughts. Then, we carried out three
different evaluations to assess its short- and long-term effects on people, as well as deeply investigate users’
perception of it. The proposed app is called AEON (smArtphone basEd thOught distaNcing).

In this chapter, we first provide an introduction to the concept of mindfulness and survey the major
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modern approaches to mindfulness (Section 2.1). Then, we review related work on computer-supported
mindfulness techniques. In Section 2.2, we illustrate the motivations and the design process that led us to
the development of AEON, which is then described. Then, we motivate the three different evaluations we
carried out: i.e. (i) a quantitative lab study (Chittaro and Vianello, 2014) (described in Section 2.3) , (ii)
a qualitative in situ long-term study (Section 2.4), and (iii) a quantitative in situ long-term study based on
research in the large (Section 2.5).

2.1 Related Work
The origins of the first mindfulness techniques can historically be traced back to Eastern philosophies. In
particular, they are central to Buddhist traditions which attribute the first teachings of mindfulness to the
Buddha himself (Gunaratana, 2002). Unlike Eastern traditions, Western conceptualizations of mindfulness
are generally independent of any specific circumscribed philosophy, ethical code, or system of practices
(Keng et al., 2011). In such conceptualizations, mindfulness was initially defined as a particular way of
paying attention, a way of looking deeply into oneself in the spirit of self-inquiry and self-understanding
(Kabat-Zinn, 1990). Although other definitions have been proposed over the years, the recent review on
scientific studies of mindfulness by Keng et al. (2011) points out that most surveyed research follows the
operational definition proposed by Bishop et al. (2004). This definition considers mindfulness as “a process
of self-regulation of attention in order to bring a quality of non-elaborative awareness to current experience
within an orientation of curiosity, experiential openness, and acceptance”. Also, Bishop et al.’s definition
supports the decoupling of mindfulness from meditation. Indeed, as pointed out by Hayes and Shenk
(2004), if mindfulness is considered as a psychological mode or process, then any technique that is effective
in producing that mode or process can be considered as a mindfulness technique. As a consequence, new
mindfulness practices are emerging in addition or as an alternative to traditional meditation techniques.

In the following, we first summarize the most established mindfulness-based interventions followed
in medical and psychological contexts. Then, we illustrate new, recently proposed computer-based ap-
proaches.

2.1.1 Mindfulness-Based Interventions
Although they often include techniques taken from Eastern traditions, modern Western approaches to mind-
fulness are clinically oriented and emphasize standardization and manualization to facilitate scientific study
and empirical research (Chiesa and Malinowski, 2011). A large and growing number of studies assessed
the effects of these approaches on different aspects of well-being (Keng et al., 2011). The first standardized
approach to be introduced was the Mindfulness-Based Stress Reduction program (MBSR) (Kabat-Zinn,
1990) which was developed by Kabat-Zinn in 1979 and has been the subject of several studies among clin-
ical and non-clinical populations (Keng et al., 2011). MBSR is a group-based intervention for populations
with a wide range of stress-related disorders or chronic pain and is offered in hospitals and clinics around
the world, as well as in schools, workplaces, corporate offices, law schools, adult and juvenile prisons,
inner city health centers and a range of other settings (Kabat-Zinn, 2003). The program consists of an 8- to
10-week course in which a group of up to 30 participants meets weekly for 2- 2.5h sessions together with
an all-day (7-8 h) intensive session usually held around the sixth week. During the sessions, participants
receive instructions and training about three kinds of mindfulness techniques, which they have to practice
also at home: sitting meditation, body scan and mindfulness yoga (Baer, 2003). Sitting meditation con-
sists of different exercises, such as mindful breathing and distancing from thoughts. In mindful breathing,
participants learn how to direct their attention to the sensations of breathing. They have to notice when
their mind wanders away, observing it nonjudgmentally and bringing it back to breathing (Baer, 2003). In
distancing from thoughts, participants shift their awareness to the process of thinking itself. They have to
try to perceive thoughts as “events” in their minds. In particular, they have to note the thoughts’ charge
and possibly not be drawn into them, but just maintain the “frame” through which they are observing the
process of thought. Participants have to be aware that each individual thought does not last long, i.e. it is
impermanent, and that some thoughts keep coming back. Thus, participants have to act as a “non-judging
observer” and to note how they feel about their thoughts (Kabat-Zinn, 1990). The body scan technique
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requires instead participants to sequentially direct their attention to the different parts of their body. They
have to note the sensations arising from each part of the body and, as in the mindful breathing exercise,
bring their attention back when their mind wanders away. Finally, mindfulness yoga consists of a series of
postures to learn mindfulness of bodily sensations during gentle movements and stretching (Carmody and
Baer, 2008). Participants are instructed to practice the above techniques at home for at least 45 minutes a
day, six days per week, and are provided with CDs containing spoken instructions to be used as a support
to mindfulness practice in the early weeks (Baer, 2003). Finally, participants are encouraged to engage in
informal mindfulness practice by doing everyday activities (such as eating, walking, washing the dishes)
with full awareness of the associated movements, sensations, cognitions and feelings that may be present.
The goal of this out-of-class practice is to bring the capacity of mindfulness in everyday life, together with
its associated benefits (Carmody and Baer, 2008).

The same techniques of MBSR are included in the Mindfulness-Based Cognitive Therapy program
(MBCT) (Segal et al., 2002), which is an eight-week manualized intervention program developed to prevent
depressive relapse in formerly depressed individuals. Unlike MBSR, MBCT incorporates also techniques
and exercises derived from Cognitive Therapy that aim at helping participants view thoughts as mental
events rather than as facts and thus change one’s awareness of and relationship to thoughts and emotions
(Keng et al., 2011; Teasdale et al., 2000).

While MBSR and MBCT are meditation-oriented approaches to mindfulness, Dialectical Behavioral
Therapy (DBT) (Linehan, 1993a) and Acceptance and Commitment Therapy (ACT) (Hayes et al., 1999) do
not involve formal meditation (Chiesa and Malinowski, 2011; Keng et al., 2011). DBT was first developed
as an intervention for patients who meet criteria for borderline personality disorders and teaches mindful-
ness mainly in the context of group training as a way of helping patients increase self-acceptance and as
an exposure strategy aiming to reduce avoidance of difficult emotion and fear responses (Linehan, 1993b).
The exercises require visualizing thoughts, feelings and sensations as if they were clouds passing by in the
sky (i.e., a distancing from thoughts technique), observing breath by counting or coordinating with foot-
steps, which is similar to mindful breathing, and bringing mindful awareness into daily life activities (Keng
et al., 2011). ACT is aimed at fostering individuals’ acceptance of unwanted thoughts and feelings, and to
stimulate actions that contribute to an improvement in circumstances of living (Hayes, 2005). The program
is based on the premise that psychological distress is often associated with attempts to control or avoid
negative thoughts and emotions, which often paradoxically increase the frequency, intensity, or salience
of these internal events, and result in further distress and inability to engage in behaviors that would lead
to valued long-term goals (Keng et al., 2011). ACT consists of six core treatment processes: acceptance,
defusion, contact with the present moment, self as context, values, and committed action (Hayes et al.,
2006). Mindfulness is taught in the first four processes and consists of various exercises aimed at enhancing
awareness of an observing self and foster the deliteralization of thoughts and beliefs, such as being in non-
judgmental contact with environmental events as they occur (Keng et al., 2011). ACT has been delivered in
both individual and group settings, with duration varying from 1 day to 16 weeks (Keng et al., 2011).

In addition to the above described mindfulness-based interventions, other techniques aimed at promot-
ing mindfulness have begun to appear in non-clinical settings. In this chapter, we focus on computer-
supported mindfulness, with an emphasis on approaches that require a user to interact with the computer
application while practicing mindfulness techniques (in the following, interactive practices).

2.1.2 Studies of Computer-Supported Mindfulness
In most studies of mindfulness that involved computer support, mindfulness was a component of a broader
therapeutic intervention delivered at distance. In particular, some studies investigated the use of web pages,
e.g. (Boggs et al., 2014; Krusche et al., 2012, 2013; Thompson et al., 2010), web-enabled smartphones,
(Kristjánsdóttir et al., 2011; Nes et al., 2012) or smartphone apps (Ahtinen et al., 2013; Lappalainen et al.,
2014; Ly et al., 2014; Morris et al., 2010; Yang et al., 2014) for presenting mindfulness-related teaching
materials. However, such courses do not offer any interactive practice to users (in the following, we refer to
them as non-interactive practices).

Only the web-based course proposed by Glück and Maercker (2011) contained a small interactive prac-
tice. The web application showed participants a blue sky with a cloud that slowly wandered out of sight
when they pressed the spacebar. Participants had to recognize any distressing thought, feeling or sensation
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that arose in their mind, label it non-judgementally (e.g. acknowledge that one feels angry by simply label-
ing the internal image with “anger”) and imagine placing it on the cloud, watching it wandering out of sight.
However, participants found this interactive practice to be more difficult than the traditional non-interactive
techniques that were taught in the intervention. This could be due to the fact that this interactive practice
provided only a very primitive level of support, giving users the burden to carry out most of the assigned
task mentally.

Other studies employed virtual environments (VEs) to support mindfulness. Baños et al. (2012) in-
cluded a mindfulness technique in VEs for mood induction on elderly people aimed at increasing joy and
relaxation. The mindfulness technique required participants to watch the VE, paying full attention to ev-
erything they heard or saw. Moreover, participants were told that if any thoughts or feelings arose during
the practice, they should acknowledge and accept them, and that they should try to limit their attention
only to the stimuli of the VE. Results of the study indicated significant increases in joy and relaxation and
significant decreases in sadness and anxiety. Participants also reported low levels of difficulty of use and
high levels of satisfaction. The employed VEs did not provide users with interactive practices: participants
had to watch the VE without interacting with it during the practice.

Recently, the HCI community has started proposing computer-based approaches that include interactive
mindfulness practices.

The Meditation Chamber (Shaw et al., 2007) and Sonic Cradle (Vidyarthi et al., 2012) propose inter-
active practices for mindful breathing. They both consist of immersive installations in which users can
interact with their respiration (and also with other physiological parameters in the case of the Meditation
Chamber) to control visual or audio content respectively. In this way, they offer users a tangible target to
focus their attention on and invite its re-direction if it has driven away. The Meditation Chamber, which
comprises also muscle relaxation techniques, was shown to be effective at promoting relaxation, see (Shaw
et al., 2007), while the qualitative study described in (Vidyarthi and Riecke, 2014) pointed out that by using
Sonic Cradle participants experienced some subjective elements typical of mindfulness meditation, such as
reduced thought and clarity of mind. Moreover, participants described their experience with Sonic Cradle as
relaxing and desirable, while experienced meditators suggested it was easier to engage with Sonic Cradle.

The Mindfulness Sphere (Thieme et al., 2013) relies on heartbeat rather than breathing perception as an
object of user’s attention. The system is specifically aimed at introducing mindfulness in an intervention
targeting women with a dual diagnosis of Learning Disability and Borderline Personality Disorder. It con-
sists of a 12-cm diameter sphere that can sense the heartbeat of the user who touches it and translates it into
visual and tactile feedback though multicolor LEDs or soft vibrations. However, this interactive practice
was not formally evaluated and thus its effectiveness in promoting mindfulness remains unknown.

Finally, Yu et al. (2012) proposed two systems to support users in practicing walking meditation, i.e.
a mindfulness practice that focuses attention on breathing combined with walking. More specifically, the
technique requires users to slowly walk by lifting the foot with heel first while breathing in, and land the
foot with toes first while breathing out. The first system (Walking-Aware System, WAS) aims at enhancing
users’ awareness of walking and consists of a pair of shoes equipped with three force sensors, while the
second system (Breathwalk-Aware System, BAS) aims at fully supporting walking meditation by introduc-
ing also respiratory sensors. For both systems, the interactive practice is supported by a mobile app that
provides walking (WAS and BAS) and breathing (BAS) guidance and feedback. Results of two studies
(Yu et al., 2012) showed the effectiveness of WAS and BAS in increasing user’s awareness of walking and
support the practice of walking meditation, respectively.

Today, a number of mobile, smartphone-based applications aimed at supporting people in practicing
mindfulness is available on on-line markets, such as Apple’s App Store or Google Play, see (Plaza et al.,
2013) for a recent review on Android apps. However, none of these apps has been formally evaluated (Plaza
et al., 2013) and thus it is not possible to understand whether they are effective in helping people achieve
mindfulness, or could instead be ineffective or detrimental.

Recently, one of the publicly available apps, i.e. Mindfulness App (MindApps, 2014), has been used
in a literature study cited above, i.e. (Ly et al., 2014). However, the study was not aimed at evaluating the
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effectiveness of the app. Instead, it focused on comparing two smartphone-delivered psychological treat-
ments, one based on behavioral activation and other on mindfulness. In particular, the Mindfulness App
was employed in the mindfulness treatment only to present audio guides to participants.

In the following section, we briefly survey the mobile mindfulness apps that are currently available on
the app stores.

2.1.3 Smartphone-Supported Mindfulness
A high number of mobile apps related to mindfulness is available on on-line stores such as Apple’s App
Store and Google Play. We first focus our attention on the apps that do not target distancing from thoughts.
Such apps can be divided in two groups, i.e. those that do not include interactive practices (in the following,
non-interactive apps) and those that include interactive practices (in the following, interactive apps).

Some of the non-interactive apps offer only timers and sounds to time user’s meditation practices, e.g.
Lotus Bud Mindfulness Bell (Sager, 2014) and ZenFriend (Small-n-Tall, 2014). Other apps feature instead
audio guides for supporting several mindfulness techniques, such as mindful breathing or mindful walking.
Such guides are:

• adapted from the MBSR program or led by mindfulness teachers, e.g. in Mindfulness App (Min-
dApps, 2014) or Headspace (HeadSpace, 2014);

• targeted to the mental, physical and emotional status that the user enters, e.g. in Stop, Breathe &
Think (Tools for Peace, 2014);

• specific for a particular context or situation that the user can choose, e.g. if (s)he is walking or
exercising as in Buddhify2 (21awake, 2014);

• adapted for a particular health condition or behavior, e.g. losing weight as in Lose Weight (Ro-
driguez Fornies, 2014), or quit smoking as in Craving to Quit (Goblue International, 2014).

A few non-interactive apps offer video animations for helping users perform the mindful breathing exercise,
e.g. Universal Breathing: Pranayama (Saagara, 2014). Finally, several of the above mentioned apps allow
also users to set reminders to meditate, keep track of their mood and sessions as well as share them with
other users.

The three available interactive apps in this category are all focused on the mindful breathing exercise.
Such apps are:

• Mindfulness TS (Mindfulapps, 2012) that exploits the touchscreen to offer the interactive practice.
Indeed, it requires users to focus their attention on their breath and tap the screen each time they
breath out. The user can specify the length of the session, and at the end the application provides
him/her with summary statistics about his/her level of attention, based on the number of times the
user tapped the screen. In a similar exercise, the user has to think of a word or a short sentence
related to a positive feeling and has to tap the screen each time (s)he repeats it.

• BreathTheWaves Full (BreathTheWaves, 2013) that exploits instead the smartphone’s motion sensors.
For this reason, the app must be used when the user is lying down with the smartphone placed on
his/her abdomen. In the interactive practice, after several breaths, the app recognizes the user’s
breathing pattern and starts to create synchronized sounds to help him/her remain focused on it.
Users can set the length of the sessions and choose among different soundscapes, e.g. rolling wave
or whale sounds. Finally, they can visualize statistics on their respiration rate.

• Muse Calm (InteraXon, 2014a) that requires an external brain-sensing headband, i.e. Muse (Inter-
aXon, 2014b) to offer its functionalities. For the interactive practice, users must wear on the headband
and connect it to the smartphone through the Bluetooth. Then, they have to close their eyes and count
their breaths. The headband tracks the user brain activity and is able to detect if the user is focused or
distracted. If it detects that the user’s brain if focused, the app plays a gentle sound. Otherwise, if the
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headband detects that the user’s mind has wandered away, the app plays sound of winds and crashing
waves. This real-time feedback is aimed at helping the user identify the distraction and bring back
his/her attention to the breath. Also this app lets users specific the length of the meditation sessions
and offer statistics of their performance.

Overall, to offer an interactive practice, the above described apps are bound to physical cues, e.g. the
falling and rising of the belly, or on a fixed object of attention, e.g. the counting of the breaths. However,
such features are not suitable for supporting a mental practice as distancing from thought that requires users
to focus on intangible and impermanent objects, i.e. the thoughts. Finally, Muse Calm requires an ad-hoc
hardware for the interactive practice, i.e. the brain-sensing headband, which can be scarcely accessible to
the general population.

Considering the apps that focus on distancing from thoughts, one of them, i.e. Let Go (Araaya, 2012),
aims at helping users become aware of their negative feelings and the reactions they usually adopt for them.
To this purpose, the app offers a (customizable) list of predefined negative feelings, such as sadness and
anxiety, and when the user experience one of them, (s)he has to tap on the corresponding label. Then, the
app plays a piano melody and shows images of nature and quotes to help the user let go of the experienced
negative feeling. When the user taps again on the screen, the app shows a list of common reactions, such as
“letting go” or “keep a lot” and the user can select the one (s)he has adopted. Finally, the app offers users
statistics on the frequency of feelings they experienced and the reactions they chose.

Other apps aim instead at helping users let go of their thoughts or worries through some form of inter-
activity. However, two of these apps, i.e. Just Let Go (Wolffram and TrueSelfSoft, 2011) and ThoughtBox
(Hartnett, 2013), offer a limited support, requiring instead the user to do most of the task mentally. Indeed,
Just Let Go shows a mandala, i.e. a geometric figure representing the universe in Hindu and Buddhist
symbolism. The user has to think of a thought (s)he wants to let go and press the center of the mandala
while breathing out for five seconds. Then, (s)he has to release the mandala and breathe in. ThoughtBox
lets instead users enter their thoughts or worries. However, to let a thought go, users have to tap on it and
take a deep breath, as in Just Let Go.

Five other apps offer instead some animations for helping people let go of their thoughts or worries.
Such apps are:

• Throw Your Worry Away! (Keru, 2011) that lets user enter a text, which is supposed to describe a
worry, and associate it to a rocket. When the user touches the screen, the rocket is fired into the sky,
and is shown leaving Earth and going off-screen.

• Let It Go - stress relief (LIGSR) (Inside Outlier, 2014) in which users can enter a thought or a worry
on a label that is attached to a balloon. Then, they can release the balloon and see it fly away.

• Worry Bubble (Embodied, 2014) that lets users choose among seven worry domains, such as health
and money, and enter a related worry. Then, the app shows a bubble that contains an icon of the
chosen worry domain and a white dot that is supposed to be the worry entered by the user. The user
can touch such bubble to make it burst. In a subsequent screen, another animation shows the icon of
the chosen worry domain fly away.

• Worrydoll Lite (Dontworrycompany, 2011) in which users can enter and assign a text (which is
supposed to be a worry statement) to each of the four dolls displayed in the garden of a house. Once
tapped, each doll will go inside the house and start to worry for the user about the statement assigned
to it. Users can tap on the doll to see again their entered thought and know the amount of time the
doll has been worrying about it. This process lasts until the app is closed.

• Let It Go: Vent and Release (LIGVR) (Nature Applications, 2014) that allows users to enter a thought
or a worry on a list. The user can then choose to let it go and the app shows an animation of a beam
of light that goes up and down the screen. The length of such animation is randomly chosen by the
app and can last between 1 and 72 hours.

Overall, although the above described apps can offer users a metaphor for helping them let go of their
thoughts or worries, none of them lets users see their entered thoughts or worries while they are going away.
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The only app that offers users such visualization is The Shredder (Bowers, 2011). Indeed, it proposes to
use a virtual shredder as a fun way to reduce negative thinking, stress and anxiety. The user can enter texts
describing unpleasant thoughts, feelings or situations and drag them inside the virtual shredder to see them
destroyed. However, the user does not have control on the graphic process.

In conclusion, none of the available mindfulness app implements a metaphor for distancing from
thoughts that offer users both (i) the visualization of the entered thoughts while they are going away, and
(ii) the control of such process.

It must be noted that we started our survey of the available mobile mindfulness apps in the first half
of 2012. For this reason, some of the described apps are not available in stores anymore, i.e. Throw Your
Worry Away! and Worrydoll Lite.

2.2 The Proposed Application

In this section, we describe the motivations and the design process that led to the development of AEON.
Then, we illustrate the app in detail.

2.2.1 Design Process and Motivations

To design our interactive practice, we first studied the difficulties that naive meditators could encounter
when approaching mindfulness. To this purpose, in addition to a thorough analysis of the literature, we
enrolled in an actual mindfulness program to experience ourselves possible difficulties and to hear opinions
from other participants in the program. Considering the approaches described in Section 2.1.1, we first
looked for courses based on MBSR or ACT, because they do not target a specific set of individuals, while
MBCT is specifically addressed to people who suffer repeated bouts of depression and the aim of DBT is
to treat people with borderline personality disorders. Then, we chose MBSR because of its larger diffusion
and more generic scope than ACT. The mindfulness program we followed was held at our local hospital
and led by an expert neurologist and meditator. The program lasted 8 weeks with a weekly 1.5h session
and the participants were naive meditators. It included all MBSR techniques with the only exception of
yoga. At the end of each meeting, ample discussion time was devoted to allowing participants to share their
experience and the difficulties they encountered during the current and the homework mindfulness sessions.
Each author of this thesis participated to a different edition of the course. The organization of the course
and the instructor did not change, but the two groups of participants were different. In this way, we had the
opportunity to hear discussions involving a larger number of participants. Moreover, by not being together,
there were no opportunities to influence each other. We independently collected our observations on paper
and integrated them only at the end of the two courses.

In both courses, we observed that participants reported problems with practicing all the techniques they
were learning, but distancing from thoughts appeared more difficult than mindful breathing and body scan.
In particular, some participants explicitly reported that it was difficult to mentally visualize their thoughts
and feelings coming and going away, while for others it was difficult to be aware of their thoughts without
being drawn into them.

These observed difficulties could be explained by the fact that distancing from thoughts requires to
perform a more abstract task than the other two considered techniques. Mindful breathing and body scan
are grounded in bodily activities and physical sensations which could provide users with tangible targets
to direct their attention on. Indeed, in mindful breathing, the user can concentrate on interoceptive cues,
i.e. the feeling that the breath creates when passing through the nostrils or the physical rising and falling
of the belly with the in-breaths and the out-breaths. Body scan relies on a rich set of somatosensory cues,
combining tactile and thermal perception, nociception (i.e. perception of pain) in the different parts of the
body, and proprioception (i.e. the ability to sense the position of the body in physical space). Unfortunately,
distancing from thoughts cannot rely on any of the above summarized physical cues and requires mental
effort to be able to visualize and observe one’s thoughts.
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The difficulty of distancing from thoughts is also recognized in the literature. For example, Kabat-Zinn
(1990) acknowledges that the exercise requires great concentration and suggests that it should be done for
short periods of time in the early stages of mindfulness practice. Difficulties in trying distancing from
thoughts can foster a sense of failure, which is common in naive meditators (Kabat-Zinn, 2005) and could
discourage them to continue the practice. For these reasons, we chose to focus our work on distancing from
thoughts and to develop an interactive practice to support it.

We examined the interactive practices proposed in the literature that were available when we started
out research work on mindfulness (see Section 2.1.2) to define our initial design choices. The choice
of developing for a mobile platform was motivated by the following considerations about the literature.
Interactive practices such as (Glück and Maercker, 2011) that rely on a desktop computer with keyboard
and Internet connection limit the possibility of practicing to those situations in which the user is in front of
such a system. Applications which require more sophisticated software and hardware, such as touchscreens
to interact with a VE (Baños et al., 2012) or ad-hoc systems such as the Meditation Chamber (Shaw et al.,
2007) make it even more difficult for users to access the interactive practices. Mobile phones are instead
always available and can make it much easier for a user to initiate an interaction. Therefore, we chose to
focus on a mobile app to increase the number of opportunities to practice and the contexts in which it is
possible to be supported by the application in practicing mindfulness. This is especially important for naive
meditators, because they are not used to practicing regularly. Restricting the places and times in which a
naive meditator can practice can be detrimental to the goal of making his/her practice regular.

In designing our specific mobile interactive practice, we first examined in detail the available mobile
distancing from thoughts apps (described in Section 2.1.3), deriving the following considerations. Just Let
Go uses a mandala as a metaphor for distancing from thoughts and requires a user to think and keep in mind
the thought (s)he wants to let go. Considering the difficulties naive meditators often experience in mentally
visualizing their thoughts, we decided that the interface of our app should externalize thoughts to make it
easier to practice distancing.

Throw Your Worry Away, WorryDoll Lite and The Shredder allow a user to enter his/her thoughts or
worries in the application. However, the first two apps do not provide any means of visualizing the entered
thought while it is going away. In WorryDoll Lite, users see an animation of a doll which is supposed to
worry for them. They can only tap on the doll to see again their entered thought and know the amount of
time the doll has been worrying about it. Moreover, this process lasts for a long amount of time, i.e. until
the app is closed, and this could not give users the awareness of the impermanence of each thought. In
Throw Your Worry Away, after entering a thought, a user cannot see it on the screen, which only shows a
rocket leaving Earth and going off-screen. Moreover, the funny style of the graphics and the animation can
distract the user from his/her entered thought. For our app, in addition to showing the thought so that a user
can focus on it, we decided to visualize the process of progressive disappearance of the thought.

The Shredder allows a user to see his/her entered thought while it is destroyed by a virtual shredder.
Even if this app implements a metaphor which comprises both the thought and its disappearance, it does not
give the user control on the graphic process that makes the thought progressively disappear. Moreover, the
shredding sound might be perceived as unpleasant. Therefore, we decided that our app should give users
control on the disappearing of the entered thought and, at the same time, foster a pleasant experience.

To choose a metaphor that could foster a pleasant experience in which to remain focused on the thought
and its disappearance, we looked at natural elements. We were initially inspired by Linehan (1993b), who
pointed out that an important consequence of mindfulness practice is the realization that most sensations,
thoughts, and emotions fluctuate, or are transient, passing by “like waves in the sea” (cited in (Baer, 2003)).
Elaborating on the idea of waves, we then associated them to their ability of dissolving things as they pass
over them, as for example on the seashore. In our interactive practice, each thought is visualized as written
over a parchment placed under water and, as the waves pass over the thought, they progressively dissolve
the ink. Users control the process, by physically playing with water and causing the formation of waves.
In this way, the user can focus on each thought, observing it while (s)he makes it disappear at his/her own
pace. Moreover, the propagation of waves might metaphorically represent the detachment of thoughts from
their associated emotional charge, as the latter is symbolically carried away with them.
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2.2.2 The AEON App
The proposed application is organized in two screens. The “My Thoughts” screen (Figure 2.1) shows the
list of thoughts entered by the user and two status bars. The status bar at the top contains the buttons to
enter or delete thoughts from the list.

Figure 2.1: The “My Thoughts” screen.

A thought can be entered by pressing the “+” button and writing in the text-area that appears (Figure
2.2a), while it can be deleted from the list by tapping the “Edit” button and selecting the corresponding row
(Figure 2.2b).

The status bar at the bottom of the “My Thoughts” screen contains the “Practice” button, which starts
the distancing from thoughts practice. Before practice, the user has to select the thoughts (s)he wants to
distance herself/himself from, by touching the corresponding rows. A check is shown on each selected
thought (Figure 2.3).

When the user presses the “Practice” button, the app switches to the “Practice” screen, which displays
a parchment under water, with the first selected thought written in ink on the parchment (Figure 2.4).

The user can then interact with the water by touching any point on the screen and moving his/her
fingers anywhere over the screen. User’s actions trigger waves in the water that propagate over the entire
parchment. The simulated water behaves consistently with user’s experience of the natural element: the
wave triggered by a tap is circular (Figure 2.5) while waves triggered by moving the finger on the screen
are more chaotic (Figure 2.5). The user has control on the timing and speed of the process: (s)he chooses
when and where to trigger waves and how strong the waves are (dissolving more or less ink).

After the user has distanced himself/herself from a thought by making it completely disappear, the app
allows him/her to move to the next thought by swiping with two fingers from the right to the left border of
the screen. When the last of the selected thoughts has disappeared, the swipe action makes the app return
to the “My Thoughts” screen.
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(a) (b)

Figure 2.2: Entering a thought (a) and deleting a thought (b).

Figure 2.3: Selecting thoughts.
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Figure 2.4: “Practice” screen.

(a) (b)

Figure 2.5: Triggering a circular wave (a) or more chaotic waves (b) in the “Practice” screen.
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AEON can provide users with new opportunities for approaching and learning mindfulness. Indeed, as
mobile devices are always at one’s disposal, they can make it much easier for users to engage in practice
sessions. Moreover, in contrast with abstract distancing from thoughts techniques, an interactive practice
can provide a visual representation of thoughts, making the practice of distancing from thoughts easier for
users. Finally, by employing graphics and animation, these practices could offer an engaging and enjoyable
experience to users, which could persuade them to practice mindfulness more frequently.

However, we cannot exclude that our interactive practice could introduce possible elements of distrac-
tion, because a user could be more focused on the physical interaction with the device or on the water
simulation rather than on his/her entered thoughts. We also cannot know a priori if the interactive practice
is actually effective in supporting mindfulness and if it could possibly be more effective than traditional
practices.

To evaluate all the above mentioned aspects, we carried out three different studies of AEON. First, given
the novelty of our proposed approach, we wanted to assess if it could actually support naive meditators in
practicing mindfulness and achieving a mindfulness state. Thus, we contrasted it with two traditional mind-
fulness techniques not based on technology in a controlled lab setting. Such settings have the advantage
of more easily isolating mindfulness practice from other elements typically present in clinical intervention
programs, thus allowing greater control over independent variables, scientifically measure the outcomes
produce by the practice and draw stronger conclusions about causal effects (Keng et al., 2011).

Second, since AEON is intended to be used by people in their everyday contexts, we carried out an in
situ long-term qualitative study. Indeed, as pointed out by Klasnja et al. (2011), a critical contribution to the
evaluation of technologies for health and well-being is to deeply understand how a proposed system is used
by its target audience in situ and this understanding, together with the design knowledge that results from
it, is arguably the biggest contribution that HCI can make to the development of effective systems. To this
purpose, we carried out a 5-week study on a sample of naive mediators who were asked to practice with
AEON at least once a day. Then, we interviewed them at the end of the study period.

Third, we wanted to deepen the investigation of the long-term effects of AEON outside the lab and, at
the same time, extend the sample of our study. To this purpose, we employed a quantitative approach, by
including a mindfulness questionnaire into the app, and the research in the large methodology (see Section
1.2) to carry out a 4-week study. Participants could participate in the study by downloading the app from
Apple’s App Store and Google Play and answer the mindfulness questionnaire after the installation and the
acceptance of the study condition, two weeks after and four weeks after the acceptance of the conditions.

In the following, we describe the three evaluations of AEON that we carried out, i.e. (i) the lab quanti-
tative study (Chittaro and Vianello, 2014) (Section 2.3), (ii) the in situ long-term qualitative study (Section
2.4), and (iii) the in situ long-term quantitative study by employing the research in the large paradigm
(Section 2.5).

2.3 Quantitative Lab Study
To evaluate the effectiveness of AEON in helping naive meditators achieve mindfulness, we contrasted it in
a lab setting with two traditional distancing from thoughts techniques:

1. cloud imagery (CLOUD, for short), i.e. a mental imagery task in which people imagine their thoughts
as written on clouds floating in the sky, allowing them to occupy their own space and observe them
as they pass by (Wells, 2006);

2. card-tossing (CARD, for short), i.e. a task in which people pick up cards (with their thoughts written
on) one at a time, look at the thought on the card and then toss the card into a wastepaper basket
(Hayes et al., 1994; Leahy, 2006).

We chose to include the CLOUD technique in the study because it is a well-known traditional approach
for practicing distancing from thoughts. However, since naive meditators could find a mental technique
difficult to start with, we included in the study also a technique that is based on manual interaction and
offers thought externalization, i.e. CARD.
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The three techniques (AEON, CLOUD and CARD) were compared in a controlled laboratory setting.
This is consistent with a recent line of scientific research on mindfulness, which has examined the immediate
effects of brief mindfulness interventions on a variety of emotion-related processes - see (Keng et al., 2011).
In these studies, participants are typically asked to practice one or more mindfulness techniques. Then, after
each practice, they have to answer one or more questionnaires which assess the possible outcomes produced
by the considered techniques. For example, the studies described in (Feldman et al., 2010; Lau et al., 2006)
employed the mindful breathing technique, while Erisman and Roemer (2010) used an additional exercise
(mindfulness of emotions) which asked participants to be aware and let go of their emotions while the
experimenter read them a poem. In all of these studies, the level of decentering achieved by participants
was one of the assessed outcomes. Other studies employed distancing from thoughts, e.g. (Singer and
Dobson, 2007; Perlman et al., 2010), but without measuring decentering.

Considering that this study focuses on distancing from thoughts techniques, we considered the achieved
level of decentering as an important outcome to assess. As previously explained, the pleasantness and
the difficulty of the technique can influence the motivation of a naive meditator, so we included also their
assessment in the study.

2.3.1 Hypotheses
As already mentioned in Section 2.2.1, naive meditators tend to experience difficulties with traditional
mindfulness techniques. We hypothesize that the proposed interactive practice better supports naive medi-
tators with respect to traditional techniques, resulting in measurable higher levels of achieved decentering.
Moreover, we predict the interactive practice to be perceived as more pleasant and less difficult than the
traditional ones. As a result, we also expect the interactive practice to be preferred by participants.

2.3.2 Participants
Participants were recruited among graduate and undergraduate students through direct contact, asking them
if they were willing to participate in a study of three different techniques aimed at distancing from worries.
To identify naive meditators, first we provided candidates with a definition of meditation as in the study by
(Feldman et al., 2010). Then, we employed a questionnaire made of three items. The first item was the
question used in (Feldman et al., 2010), which asked participants about their meditation frequency. The
available responses were “I meditate at least once a day”, “I meditate at least once a week”, “I meditate
once per month”, “I do not meditate regularly”. Participants who chose one of the first three answers were
also asked the second and third questions which required them to specify when and how long they meditate
to define in this way a precise period of time regularly devoted to meditation. Following Thompson and
Waltz (2007), determining this period of time for participants who claim to meditate regularly is important
to distinguish participants with formal meditation practice.

Candidates who chose “I do not meditate regularly” (20 participants) or chose other responses but
then indicated very short periods of time devoted to meditation (2 participants) were considered as naive
meditators, and thus included in the study.

A total of 32 candidates were recruited, and the 22 (10 M, 12 F) of them who met the above described
criteria to participate in the study formed our sample. The age of participants ranged from 19 to 28 (M =
23.95,SD = 2.15). All of them were right-handed. On a self-report scale ranging from 1 (low familiarity)
to 7 (high familiarity), participants were very familiar with mobile devices (M = 6.36,SD = .73) as well as
mobile touchscreen devices (M = 5.95,SD = 1.13).

2.3.3 Measures
2.3.3.1 Decentering

The participants’ achieved level of decentering was assessed with the 7-item Decentering subscale of the
textitToronto Mindfulness Scale (TMS) (Lau et al., 2006).

The subscale asks participants to express how well what they experienced is described by items such
as “I experienced myself as separate from my changing thoughts and feelings” or “I approached each
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experience by trying to accept it, no matter whether it was pleasant or unpleasant”. Items are rated on a
5-point Likert scale (0=“not at all”, 4=“very much”). Scores on the subscale are summed and the total score
ranges from 0 to 28. The subscale was translated into Italian and its internal reliability was measured with
Cronbach’s alpha, α = .78 (CLOUD), .79 (CARD), .72(AEON).

2.3.3.2 Pleasantness

The degree of pleasantness of each technique was measured with the Pleasure dimension of the Self-
Assessment Manikin (SAM) (Bradley and Lang, 1994), which employs 5 graphic depictions that range
from a smiling, happy figure to a frowning, unhappy figure. Pleasantness is rated on a 9-level Likert scale,
composed by the 5 depictions and the 4 spaces between them, where the happy figure corresponds to 9 and
the unhappy figure to 1.

2.3.3.3 Difficulty

The level of difficulty of each technique was assessed by a three-item questionnaire (“I found it difficult
to practice this technique”, “I found it demanding to practice this technique”, “I found it complicated to
practice this technique”), rated on a 7-point Likert scale (1=“strongly disagree”, 7=“strongly agree”). To
obtain a composite measure, the sum of the three items was averaged for a single mean score, α = .90
(CLOUD), .80 (CARD), .70 (AEON).

2.3.3.4 Preference

Preference was assessed by a question that asked participants to indicate which was the technique they
preferred to practice.

2.3.4 Materials and Apparatus
To allow participants to practice the CARD technique, decks of 21× 10cm cards were prepared. Each
deck consisted of three numbered white cards interleaved by two card-shaped sheets of carbon paper. Each
deck was held together by two removable clips. Each participant received a deck in which the cards were
numbered with a “1”, a deck numbered with a “2” and a deck numbered with a “3”. Usage of these materials
is described in Section 2.3.5

The AEON app was run on an Apple iPhone 4S equipped with a 3.5”, 960× 640 pixel touch screen.
During usage, the device was in portrait mode and placed over a mat to avoid sliding. Participants interacted
with the device by using the fingers of their dominant hand. During the evaluation, participants were seated
in a 44cm-high chair in front of a 72cm-high table.

2.3.5 Procedure
The study was based on a within-subjects design with distancing from thoughts technique (CLOUD, CARD,
and AEON) as independent variable. The order of presentation of the experimental conditions was coun-
terbalanced to prevent learning effects.

Participants were individually taken to a quiet room and briefed about the nature of the experiment.
Afterwards, they were instructed to think of three worries they had been having in that period of their
life, without disclosing them to the experimenter. Participants were then provided with the three decks of
cards and asked to write the first worry on the upper card of deck numbered “1”, the second worry on the
upper card of deck numbered “2” and the third worry on the upper card of deck numbered “3”. Thanks to
the carbon paper in the decks, this produced three written cards for each worry. Participants had then to
remove the clips on each deck and organize the cards in three new decks, each one made by three cards
with the first worry on top followed by the second and the third worry beneath. All the written worries
in each deck faced downward and the three identical decks were placed on the table separately. To let
participants freely express any kind of personal worry, they were previously informed that the experimenter
would have been seated in a position from which it was impossible to read the worries on the cards and
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they could take away all the cards with them at the end of the experiment. After the preparation of the
decks was completed, the experimenter showed participants the AEON app and explained to them how to
enter worries and delete them. They were then asked to enter their three worries following the same order
followed with the cards. Also in this case, the experimenter was unable to see the worries they entered and
participants were informed that at the end of the experiment they could delete the worries from the app.
These preparation activities were carried out before the execution of the experimental tasks so that at the
beginning of each condition participants had all the necessary materials ready to practice distancing from
thoughts. Before each condition, the experimenter explained in detail the technique to practice and was
available to clarify possible doubts.

Participants were asked to practice the technique on the three worries for three times: following in each
repetition the same order they decided for the worries at the beginning of the experimental procedure. As a
result, in each condition they practiced the distancing from thoughts technique three times on each worry.
Since in the CLOUD condition the experimenter had no way of observing if participants possibly skipped
a repetition of the three worries, they were asked to say the number of each completed repetition at the end
of it. To avoid introducing a confounding factor in the experiment, they were asked to do the same also in
the other two conditions. For the CARD condition, in each repetition, participants used one of the deck of
cards they had previously organized, picked up one card at a time from it, looked at the worry on the card
and then tossed it into a wastepaper basket.

At the end of each session, participants were asked to fill out on a computer the questionnaires for
measuring decentering, pleasantness and difficulty. At the end of the last condition, participants were also
asked to indicate their preferred technique. We collected questionnaire data with the computer to avoid
possible transcription errors. Moreover, to ensure participants’ privacy, at the beginning of the procedure
each participant picked up a printed random-generated code from a box and entered it into the computer as
a unique identifier. In this way, the collected data was stored in anonymized form.

Finally, participants were briefly interviewed to possibly get comments on the techniques. More specifi-
cally, they were asked to freely express any difficulty or impression concerning each technique. The relevant
comments are illustrated in the Discussion section. After thanking participants for their participation, to re-
assure them that the worries they wrote remained private, they were invited to take with them the cards they
had previously tossed in the basket and to delete their worries from the application. Overall, carrying out
the procedure took about 45 minutes per participant.

2.3.6 Results

2.3.6.1 Decentering

Figure 2.6 shows the mean achieved level of decentering for the three conditions. The data was sub-
jected to a Shapiro-Wilk test of normality, which revealed no significant deviation from the normal dis-
tribution. A one-way ANOVA was then carried out, which pointed out a significant effect (F(2,42) =
3.50, p < .05,η2 = .14). The effect was then investigated by carrying out a t-test pairwise comparison with
Bonferroni correction. The post-hoc analysis revealed a significant difference (p < .05) between CARD
(M = 13.64,SD = 5.44) and AEON (M = 17.18,SD = 4.99), with participants achieving a higher level of
decentering with AEON. The average decentering for CLOUD (M = 15.55,SD = 5.25) was in between
CARD and AEON.

2.3.6.2 Pleasantness

Figure 2.7 shows the mean degree of pleasantness for the three conditions. The scores were analyzed with
Friedman’s test, which pointed out a significant effect, χ2(2,N = 22) = 15.90, p < .001,W = .36. We then
employed a Wilcoxon signed-rank test pairwise comparison with Bonferroni correction to investigate the
effect. The analysis pointed out a significant difference (p < .01) between AEON (M = 6.69,SD = 1.64)
and CLOUD (M = 5.22,SD = 1.77) and a significant difference (p < .01) between AEON and CARD
(M = 5.34,SD = 2.12), with participants perceiving AEON as more pleasant to practice than the other two
techniques.



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

26 2. Design and Evaluation of Mobile Mindfulness Apps

Figure 2.6: Mean achieved level of decentering (capped bars indicate ±1SE).

Figure 2.7: Mean degree of pleasantness (capped bars indicate ±1SE).

2.3.6.3 Difficulty

Figure 2.8 shows the mean level of difficulty for the three conditions. The data was subjected to a Shapiro-
Wilk test of normality, which revealed a significant deviation from the normal distribution. Thus, we em-
ployed Friedman’s test, which pointed out a significant effect, χ2(2,N = 22) = 34.82, p < .001,W = .79.
We then performed a Wilcoxon signed-rank test pairwise comparison with Bonferroni correction. The
post-hoc analysis revealed a significant difference (p < .001) between CLOUD (M = 3.64,SD = 1.84)
and CARD (M = 1.33,SD = .50) and a significant difference (p < .001) between CLOUD and AEON
(M = 1.15,SD = .32), with participants perceiving AEON and CARD as less difficult to practice than
CLOUD.

2.3.6.4 Subjective Preference

A Chi-Square test was performed on subjective preference data (frequencies are shown in Figure 2.9). The
analysis revealed a significant effect (χ2(2,N = 22) = 9.90, p < .01,w = .67), and AEON was the preferred
approach.
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Figure 2.8: Mean level of difficulty (capped bars indicate ±1SE).

Figure 2.9: Preference frequencies.

2.3.7 Discussion

2.3.7.1 Difficulty

AEON received the best ratings in terms of difficulty and the post-hoc analysis showed that AEON was

perceived as significantly less difficult to practice than CLOUD. A possible explanation of this result is that,

compared to CLOUD, AEON could provide a higher degree of computational off-loading. This term refers

to “the extent to which different external representations reduce the amount of cognitive effort required to

solve informationally equivalent problems” (Rogers, 2004) and is part of the theory of external cognition

(Scaife and Rogers, 1996). In particular, the better performance of AEON could be especially related

to the temporal and spatial constraining dimension of computational off-loading, which regards the way

different representations can make relevant aspects of processes and events more salient when distributed

over time and space (Rogers, 2004). Indeed, AEON allows a user to see his/her worries, interact with

them and visualize them as they progressively disappear. On the contrary, CLOUD requires a user to

mentally visualize his/her worries as clouds passing by. This consideration is reflected in most participants’

comments, which pointed out that it was hard to visualize the clouds. Participants were also very familiar
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with mobile touchscreens which could have contributed to further make them at ease with AEON.
This result looks apparently in contrast with (Glück and Maercker, 2011), in which participants found

the interactive practice to be difficult. However, in that study, the interactive practice required participants
to mentally label their thoughts and then imagine the labels as if they were written on the clouds on the
screen, and thus provided less support than AEON to participants.

The post-hoc analysis pointed out that also CARD was perceived as less difficult to practice than
CLOUD. Again, this result could be explained by a higher degree of computational off-loading that CARD
could provide with respect to CLOUD. Indeed, CARD lets a user see his/her worries externalized on the
paper cards.

Although the difference between AEON and CARD was in the hypothesized direction, it was very
small and the post-hoc did not reach statistical significance. This could be due to the fact that, as mentioned
above, the two techniques were both able to provide a good degree of computational off-loading. In par-
ticular, considering the cognitive tracing design concept of computational off-loading, i.e. “the way users
develop their own understandings and external memories of a representation of a topic by being allowed
to modify and annotate it” (Rogers, 2004), both AEON and CARD provided users with a concrete way to
externally manipulate their worries, by means of different types of manual interaction. This is reflected in
the comments of some participants, for example one emphasized that he felt to have a more direct contact
with his worries with AEON and CARD rather than with CLOUD.

2.3.7.2 Decentering

Participants achieved the highest level of decentering while using AEON and the post-hoc analysis showed
that AEON was significantly more effective than CARD. In mindfulness practices, the ability to focus
attention without being distracted, i.e. to maintain a sustained attention, is one of the necessary components
to gain awareness on the current experience (Bishop et al., 2004; Shapiro et al., 2006). Through multimodal
interaction, AEON could have involved participants more in carrying out the practice and attracted more
their attention to the worries on the screen, helping them in keeping focused. The water simulation also
provided visual feedback on the distancing process. Perception of the effectiveness of AEON emerges
clearly in some participants’ comments. In particular, one user pointed out that AEON made his worries
seem less important, while the manual activity of CARD mainly focused him on the will to actively drive
away worries (rather than changing his perception of worries). Another user stated that AEON gave him
the feeling of actually deleting his worries.

On the contrary, CARD could have at times focused participants attention more on the control of the
motor activity required to successfully toss the cards into the wastebasket without missing it (and on the
associated perception of the room environment) rather than on the worries themselves. This is reflected
in some participants’ comments. For example, one participant explicitly pointed out that he found more
difficult to concentrate when practicing CARD and CLOUD than AEON. Another participant suggested
that for her the manual activity of CARD might be more suited for other purposes such as letting go of
anger.

Although the difference between AEON and CLOUD was in the hypothesized direction, the post-hoc
did not reach statistical significance. CLOUD might not have suffered from the problem of CARD above
described, thus letting users remain focused on their worries. We also observed that most participants
closed their eyes during the practice of CLOUD, thus limiting the possibilities of being distracted by the
environment.

2.3.7.3 Pleasantness

AEON was perceived to be significantly more pleasant to practice than the other two techniques. In addition
to the considerations about computational off-loading, other factors that could have contributed to this result
are the visual stimuli provided by the application which could be aesthetically pleasing, and the possibility
to tactilely interact with a simulated natural element (water) to dissolve worries. This would be consistent
with several users’ comments, which described the water simulation as beautiful, relaxing and enjoyable.
In particular, one participant stated that he found himself smiling while practicing this technique, while
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another one claimed that it fostered a feeling of personal wellbeing. Similarly, one participant claimed that
AEON helped him a bit to let off steam.

The other two techniques could not have elicited the same feelings in users, due to their required abstract
mental task (CLOUD) or less attractive motor activity (CARD). In one case, a participant reported that
CARD made her nervous even after the practice ended.

This result, together with the fact that AEON was also perceived as less difficult, can be an impor-
tant factor in helping naive meditators approach mindfulness as well as encourage its prolonged practice.
Providing a simple and pleasant way to practice can help overcome the barriers naive meditators could
encounter.

2.4 Qualitative In Situ Long-Term Study
The quantitative lab study we described in Section 2.3 shows that AEON obtained better results in terms of
level of mindfulness achieved, perceived level of difficulty and degree of pleasantness than the two tradi-
tional techniques, suggesting that it could be a novel and effective way to help naive meditators approach
mindfulness. However, as we outlined above, a critical contribution to the evaluation of technologies for
health and well-being is to deeply understand how a proposed system is used by its target audience in situ
(Klasnja et al., 2011).

For these reasons, we conducted a second study of AEON, which differs from the previous one in
various ways: it is qualitative rather than quantitative, it was carried out in situ instead of the lab, it is aimed
at investigating users’ experience over a five-week period rather than a strictly structured use in a short
lab test. Thus, while the quantitative study was aimed at finding if the app could actually help people in
achieving a mindful state, this study is aimed at gaining a deeper understanding of users’ perceptions in
using the app for ameliorating worry, as well as discovering possible different patterns of use and design
opportunities.

The five-week in situ study described in this section was carried out on naive meditators, who are the
target users of AEON. Participants were asked to use the app with their worries at least once a day. Then,
they were interviewed at the end of the five weeks.

2.4.1 Participants
Participants were recruited through direct contact. They were asked if they were willing to try a mobile app
that might help in attenuating worries, on their mobile phones for a period of five weeks. They were in-
formed that the app could run on iPhones (iOS 5 or higher) or Android smartphones (Android 2.2 or higher),
and that they could keep the app as compensation for their participation. To identify naive meditators, we
followed the criterion by Lau et al. (2006), who screened participants to ensure that they had no experience
with any form of meditation (including yoga, tai chi, and qi-gong). They defined experience with mindful-
ness meditation as having at least 8 weeks of experience of daily practice. Thus, we asked participants if:
(i) they have ever attended a course on or are practicing any form of meditation, e.g. mindfulness, yoga,
tai-chi, qi-gong; (ii) they have ever practiced or are practicing daily meditation techniques for at least eight
weeks. Participants who answered affirmatively both questions were not considered naive meditators and
thus not eligible for enrollment in the study.

In total, we recruited 21 participants and 18 of them met the previously described criterion, thus forming
the sample of our study. After five weeks of usage of AEON, they were contacted again for the interviews
through the email address, Facebook contact or phone number they were asked to give us at the beginning
of the study, but three of them did not show up: one participant told us that he did not use the app at
all, one participant had accepted a job in another city, and one participant did not answer to our requests
sent to her contact address. Among the 15 participants (5 M, 10F) who showed up for the interviews, 12
were students (5 undergraduate, 4 graduate, 3 PhD students; 9 computer science, 1 engineering, 1 business
administration, 1 foreign languages), two had other occupations (primary school teacher, psychologist), and
one was unemployed at the time of the study (his level of education was diploma of secondary education).

The age of participants ranged from 22 to 29 (M = 25.47,SD= 2.39). Two participants were left-handed
and 13 were right-handed. On a self-report scale ranging from 1 (low familiarity) to 7 (high familiarity),
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participants reported to be very familiar with mobile touchscreen devices (M = 6.47,SD = .83).

2.4.1.1 Materials and Apparatus

The AEON app was originally developed for the iOS platform as described in Section 2.2.2. To have more
recruitment possibilities, we ported it to the Android platform before starting the recruitment of participants
for the current study. Figure 2.10 shows the “My Thoughts” screen in the Android version of the app.

Figure 2.10: “My Thoughts” screen in the Android version of the app.

To make this screen as familiar as possible to users, we used the default themes and widgets (e.g.
buttons) available in the Android development platform. Although this screen presents some differences in
visual appearance on the two operating systems (see Figure 2.1 for the iOS version), the functions it offers
and the way they are used are the same, as we described in Section 2.2.2. We made only two small changes
in both versions of the app: (i) we added a button at the bottom right of the screen to allow users receive
information about app usage (shown in a “Help” screen), and (ii) we restricted the length of the thought
that a user could write to a maximum of 140 characters. This choice was inspired by the length that popular
communication tools, such as Twitter, offer for entering single thoughts in a computer.

Unlike the “My thoughts” screen, the visual appearance and behavior of the interactive practice are
identical in the iOS and the Android versions of the app. In particular, the behavior of the “Practice” screen
is the one that we described in Section 2.2.2 with the only addition of a gesture that allows the user to return
back to the “My Thoughts” screen at any moment, i.e. by swiping with two fingers from the bottom to the
top border of the screen. Finally, to ensure that the interactive practice was the same for both versions of
the app, we disabled the back button (available on Android devices) in the “Practice” screen.

The AEON app was installed on the participants’ own mobile phones. Nine participants had an iPhone
and six had an Android smartphone. Table 2.1 shows the main specifications of the devices used by partic-
ipants.
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Table 2.1: Main specifications of the device used by each participant.

Participant Device model Operating sys-
tem

Screen size (in
inches)

Resolution (in
pixels)

P1 LG Optimus
Pro

Android 2.8 240×320

P2 iPhone 4 iOS 3.5 640×960
P3 Sony Xperia S Android 4.3 720×1280
P4 Samsung

Galaxy Next
Turbo

Android 3.14 240×320

P5 iPhone 4 iOS 3.5 640×960
P6 iPhone 4S iOS 3.5 640×960
P7 iPhone 4S iOS 3.5 640×960
P8 iPhone 5 iOS 4 640×1136
P9 Samsung

GT-S5369
Android 3 240×320

P10 Samsung
Galaxy S3 mini
(i8190)

Android 4 480×800

P11 iPhone 4 iOS 3.5 640×960
P12 Samsung

Galaxy Gio
Android 3.2 320×480

P13 iPhone 4S iOS 3.5 640×960
P14 iPhone 4S iOS 3.5 640×960
P15 iPhone 3GS iOS 3.5 320×480

During the study, AEON collected usage time for each session of app use, and number of different
thoughts used in the “Practice” screen during the entire period. Data was saved on the mobile device during
the study and sent to a secure server when participants came to the interview.

2.4.1.2 Procedure

The experimental design included two meetings, one at the beginning and one at the end of the study period,
and five weeks of usage of AEON in situ.

In the first meeting, participants were individually taken to a quiet room. They were informed that the
study had the purpose of evaluating a mobile app which might help them attenuating their worries. No
specific mindfulness concepts such as decentering were introduced or mentioned because we wanted to
assess if users could possibly report the perception of such mindful state even if that was not an explicitly
stated goal. Participants were also asked to sign a written consensus which, together with the purposes of the
study and a description of the collected data, explained the measures we adopted to guarantee their privacy
(data anonymization and safe server storage). Then, the experimenter installed AEON on the participants’
mobile device, showed how to use it and remained available to clarify possible doubts. The experimenter
also reassured participants that their entered worries were going to remain private and we had no way to
receive or see them. This decision was taken because, while making the entered worries available to the
experimenters would have been useful for further analyses, we reasoned that it could have prevented some
participants from taking part in the study and could have led other participants to use the app in a limited,
less natural way to avoid having other people read their more intimate worries.

Participants were then asked to pick up a printed randomly generated code from a box and enter it into
the app. They were also asked to enter the same code on a computer and then fill out the demographic
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questionnaire. We collected questionnaire data with the computer to avoid possible transcription errors.
After the completion of the demographic questionnaire, the computer generated and showed another code
which participants had to enter into the AEON app to start the study. These codes were used to avoid
storing the names of the persons in our database and into the app for data collection. Participants were
encouraged to use AEON at least once a day and to contact the experimenter if they had any doubt or
question. Participants were informed that after five weeks the app would stop working, showing them a
screen (the “End Study” screen) inviting them to contact the experimenter to conclude the study.

Five weeks later, participants were taken again to a quiet room for the second meeting. They were
asked to enter on a computer the code shown on the “End Study” screen of the AEON app. In response,
the computer displayed another code which participants had to enter in the “End Study” screen. This made
the “Send” button appear on the mobile device. Participants were then asked to press that button in order
to send the data collected by the app to our server. They were informed that AEON was going to stop
collecting data at that moment, but the app would remain available and working on their phones.

Participants were interviewed following a semi-structured approach to gather information about their
experience (see Appendix A for the interview protocol). If necessary, to examine interesting issues sponta-
neously raised by participants, further questions were asked. Participants were asked if they agreed to have
their interview recorded. To ensure participants’ privacy, the interviews were saved with the code showed
on the “End Study” screen. At the end of the interview, participants were thanked for their participation and
reminded that they could keep AEON as compensation.

2.4.1.3 Data Analysis

The interviews we collected were transcribed verbatim. We then employed thematic analysis to identify
and organize common and salient themes which emerged from the transcripts, following the steps outlined
in (Braun and Clarke, 2006). We adopted an inductive approach as no assumptions were made prior to
analysis on the themes that might emerge. The analysis involved: (i) reading and re-reading the transcripts
to familiarize with the data, (ii) coding interesting features in all the dataset and collating data relevant to
each code, (iii) combining all the codes into potential themes, gathering all data relevant to each potential
theme and organizing themes into different levels (e.g., main overarching themes or sub-themes within
them), (iv) checking if the themes and sub-themes made sense in relation to the coded extracts and to the
entire data set, and (v) refining each theme and sub-theme, generating clear definitions and names. For step
(iii), a theme was divided into one or more sub-themes when it was particularly large or complex.

These steps were carried out by the two authors of the thesis. Themes and sub-themes were reviewed
together following an iterative process which ended when we reached agreement.

To assess the validity of the themes we identified, we then involved two external and independent coders.
We created a codebook that they used to code the data, following (DeCuir-Gunby et al., 2011). The codes in
the codebook identified the themes and sub-themes that were pointed out by the thematic analysis. For each
code, we provided a label, a full definition, i.e. an extensive definition that provides inclusion and exclusion
criteria, and an example extracted from the data set. The independent coders were briefly introduced to the
concept of decentering. They were also told that they could apply two or more codes to the same fragment
of text. Finally, as the coding process was carried out with a Computer Assisted Qualitative Data Analysis
Software (CAQDAS), the independent coders were instructed to use a specific tool, i.e. Coding Analysis
Toolkit (CAT) (Texifter, 2007), an open-source web-based CADQAS. In total, there were three coders, as
we counted as one.

2.4.2 Results

2.4.2.1 Collected Data

We removed sessions shorter than 5 seconds, because we had previously determined that to launch the
application, consider at least one thought, and exit the application requires more than that time. Sessions
shorter than 5 seconds indicate that the user launched and then quickly exited the app, without practicing
distancing from thoughts. Table 2.2 shows the resulting usage data for each participant. Figure 2.11 shows
the distribution of the percentage of sessions throughout the day. Such percentage reaches the highest value
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during evening hours (10.9% of sessions during 22:00-22:59) and 46.8% of sessions occur from 19:00 to
02:59. Figure 2.12 shows the trend of the app mean usage per day over the five weeks of the study. The
mean usage shows a quick drop after the first 3 days and then decreases only slowly until the end of the
study.

Table 2.2: Usage data for each participant.

Participant Usage
(days)

Usage (sec) Mean us-
age per
day

Considered
thoughts

Sessions Mean us-
age per
session

P1 14 3018 215.57 16 24 125.75
P2 2 106 53.00 1 2 53.00
P3 35 8947 255.63 95 125 71.58
P4 29 7448 256.83 37 39 109.97
P5 32 12753 398.53 71 40 318.26
P6 18 7693 427.39 25 65 118.35
P7 12 1146 95.50 10 19 60.32
P8 10 1287 128.70 5 20 64.35
P9 24 2546 106.10 7 53 48.04
P10 20 3174 158.70 34 30 105.80
P11 4 580 145.00 5 5 116.00
P12 26 4235 162.88 21 45 94.11
P13 20 4233 211.65 17 35 120.94
P14 8 1173 146.63 13 12 97.75
P15 21 10020 477.14 67 57 175.79
Mean M = 18.33 M =

4557.27
M = 215.95 M = 28.27 M = 38.10 M = 117.44

Standard
Dev.

SD = 9.96 SD =
3895.28

SD =
127.11

SD = 28.13 SD = 30.42 SD = 69.53

Usage (days): number of different days in which AEON was used; Usage (sec): total amount of AEON
usage in seconds; Mean usage per day: Usage (sec)/Usage (days); Considered thoughts: number of different
thoughts on which the user has practiced distancing from thoughts; Sessions: total number of sessions (after
excluding those shorter than 5 seconds); Mean usage per session: Usage(sec)/Sessions.
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Figure 2.11: Distribution of the percentage of sessions throughout the day.

Figure 2.12: App mean usage per day. The red line indicates the trend of the mean.
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2.4.2.2 Qualitative Data

Prior to thematic analysis, we looked at the usage statistics for each participant (Table 2.2). We discarded
the interview data from participant P2, because she used AEON in an extremely limited way in terms of
time (less than two minutes, split over 2 days) as well as considered thoughts (just 1). Moreover, during
the interview, she provided only a few generic words that sounded as they were aimed at pleasing the
interviewer.

After the coding of the dataset, we analyzed the level of agreement among coders using Fleiss’ kappa
(Fleiss, 1971). Results pointed out an overall kappa coefficient of .68, which indicates substantial agreement
(Landis and Koch, 1977).

In the following, we present the results of the thematic analysis, organizing them into four topic areas: (i)
“Decentering”, which contains the themes that concern decentering from worries described by participants,
(ii) “Feelings”, which contains the themes that capture the feelings elicited by AEON in participants, (iii)
“Patterns of use”, which contains the themes that describe participants’ particular patterns of use of AEON
during the study, and (iv) “App features”, which contains the themes that regard participants’ perception of
AEON features, including the problems they encountered and their suggestions for improvement.

In the following sections, we describe each theme providing sample extracts from the interviews. In
the extracts, the parts in round brackets are the additional questions raised by the experimenter who led the
interview, while the parts in square brackets are words or phrases added to clarify the meaning.

Decentering

Table 2.3 summarizes the themes and sub-themes that belong to the “Decentering” topic area. For each
theme or sub-theme, the table indicates the participants to which it applies.

Table 2.3: Themes and sub-themes of the “Decentering” topic area. The last column indicates the partici-
pants for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Focus on worries AEON helped participants focus on their

worries.
Focus on entered
worries

When using AEON, participants thought
about the worries they were entering into
the app or about those worries already en-
tered.

P1, P5, P6,
P11, P15

Focus on nega-
tive thoughts of
the day or on
seriously worry-
ing thoughts, but
not already en-
tered into the app

When using AEON, participants focused
on worries, bad feelings or emotions of the
day, or on something that really worried
them, but not already entered into the app.

P3, P4, P12,
P14

Focus on how to
solve worries or
to ease the ten-
sion

When using AEON, participants focused
on how to solve the problems related to the
worries they entered into it or on how to
ease the tension caused by them.

P9, P13

Participants
experienced
decentering

AEON helped participants experience de-
centering from their worries. Participants
point out different aspects of decentering.

Externalization,
acceptance

AEON helped participants see their wor-
ries as external. Moreover, AEON helped
participants better accept their worries.

P4, P8, P9,
P10, P13,
P14, P15
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Table 2.3: Themes and sub-themes of the “Decentering” topic area. The last column indicates the partici-
pants for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Letting go AEON helped participants let go of their

worries.
P1, P4, P6,
P13

Impermanence of
thoughts

AEON evoked in participants a reflection
on the impermanence of worries.

P4, P12

Participants
experienced de-
centering slightly
or for a short
time

AEON helped participants experience a
stance of objectivity only slightly or only
for a short period of time.

P3, P5, P8,
P11

Participants did
not experience
decentering

AEON did not help participants experience
decentering from some or all their worries.

No decentering Using AEON, participants did not experi-
ence decentering from their worries.

P3, P7, P12

No decentering
with serious or
long term worries

Using AEON, participants did not experi-
ence decentering from their serious or per-
sistent worries. Participants provide an ex-
planation.

P4, P6, P7,
P13, P14

Focus on Worries
The majority of participants reported that, when using AEON, they focused on their worries. In particular,
five of them said that they focused on the worries they were entering into the app or on those already entered.
For example:

[When using AEON] I thought of my worries, mostly...yes [I thought] of what I was entering into it. -
P5
Similarly:

[When using AEON] I thought about what was...into the app, [about] the worries I had entered into it.
- P15
Instead, other four participants reported that, when using AEON, they focused on the worries, emotions or
feelings of the day not already entered into the app. For example:

I thought about the bad feelings, the worries I had during the day. - P3
Two of these participants also referred to the difficulty to find thoughts to enter:

First of all, I had to think of something that really worried me, sometimes it was easier, like, I don’t know,
when I was more stressed, then in the days I was more normal it was more difficult to find the sentences to
enter into [AEON], It was a burden. - P14
Finally, two participants pointed out that they thought about how to solve the problems related to the worries
they entered into AEON or about how to ease the tension caused by them. For example:

[I thought] about what I had written [into the app] and [I thought] about how to solve it in real life
more than in the technological life of... of the app. - P13

Participants experienced decentering
Almost all participants highlighted that they experienced decentering from their worries when using AEON.
In particular, seven participants explicitly reported the experience of a stance of acceptance and objectivity.
For example:
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I would say I learned to stop worrying so much, I mean, I was aware of the worries I had, but, I would
say that I handled them with more philosophy like... I was more quiet. - P8
Similarly, P15 said she was more confident to accept and overcome those difficulties she previously consid-
ered much more negatively.
For three participants, AEON was useful to experience decentering with worries they considered to be less
serious. For example:

For stupid things, which however really bother me, like things related to my work, maybe yes [I related
to my worries in a different way]. - P14
Similarly, P4 pointed out:

[. . .] while for other worries, those on affectivity or interpersonal relationships, you write [them inside
the app] and then maybe you forget them, you. . . I don’t know what it is due to, it’s like either [the worry]
was something external, something that wasn’t part of you anymore, you see it farther, more objectively, or
it’s like digesting it and then saying ok, there was it [the worry] but I can go on, I can overcome it.
Like P4, P9 explicitly highlighted that her experienced stance of objectivity and acceptance was due to the
fact that with AEON she could see her worries externalized. Indeed, she said:

[. . .] maybe seeing it [a worry] written is different than only thinking about it, maybe reducing it to
one or three words, you say "ok, it’s nothing to write home about" [...] as I said before, maybe seeing them
[the worries] written, they were something more, ..., more concrete than you may expect.
In a subsequent moment of the interview, P9 reported also that the externalization of worries helped her to
be less anxious.
The interviews revealed also that AEON helped four participants not to react in response to some thoughts,
but to let them go. For example, P13:

[. . . ] there were less difficult problems, that, without knowing how to deal with them, I was not able
to solve, but dissolving a thought with the water, it was easier, sometimes even without writing it into the
app, but just by thinking about how the app worked - I was able to let some thoughts go away more easily
compared to other thoughts without using the app. I had the idea of the app in my mind.
Interestingly, P6 said that he used AEON to help him in letting go his urge to smoke:

In that period, I quit smoking and perhaps every time I had the urge to smoke, I wrote the thought “no
smoking” and it could be a deterrent, in short, it could help me, I dissolved the thought, I imagined myself
and I let go the urge to smoke (Are you saying that AEON helped you a little bit to quit smoking?) yes,
because you’re focused in that minute while you are dissolving "I want to smoke" and you intensively think
about the cigarette and when you’ve finished thinking and dissolving, maybe you would focus on something
else you need to do and the urge to smoke has gone.
Finally, two participants pointed out that the list of the entered worries shown in the “My Thoughts” screen
evoked a reflection on their impermanence. For example:

[. . .] having the history of all the worries I had in the five weeks, it was useful to see how those which
were giant worries two weeks ago, at the end were gone by. - P12

Participants experienced decentering slightly or for a short time
Two participants said that, when using AEON, they experienced a decentered stance on their worries only
slightly, mainly due to their low interest and confidence in the approach offered by the app. For example:

It [AEON] helps a little bit to minimize [a worry] but maybe [. . .] I believe that if a person tends to
worry too much on things, he would not say “ok it [AEON] completely calmed me”, maybe it helps a little
bit but not too much. - P3
Similarly, P11 pointed out:

I detached myself [from my worries] a little bit, but, maybe it’s because I’m not influenced by these
methods, but I did not... I detached myself a little bit, but it is not that... (so, did you detach a little bit
from your worries?) yes, I detached myself a little bit, but it is not that I did not think of them [my worries]
anymore [. . .]
Three participants (P11, P5, P8) said that the sense of detachment lasted for a short period of time, e.g.:

[I detached] when I was using it [AEON], i.e. just after I used it, but, it [the feeling of detachment]
lasted about 10 minutes. - P11
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Participants did not experience decentering
Seven participants pointed out that, when using AEON, they did not experience decentering from their
worries, or from some of them. For example, P3, who reported the experience of a slight decentering for
some worries, said:

Maybe I try to let myself go.. but at the end my approach to the worry did not change at all.
Similarly, P12, who highlighted a reflection on the impermanence of her worries, said that when using
AEON she did not change her approach to the most two recent worries she entered. She suggested that this
could be due to the fact she was stressed during the period of the study:

The application was one of the things to throw in during these days, however, I did not felt relieved by
the application, I was a little bit stressed in general.
Five of the seven participants pointed out that they did not experience a decentered stance on their serious
or long term worries when using AEON. For example, P4, who was almost at the end of her PhD, said:

[...] instead, worries related to my studies remain, in my opinion.
Two of these participants explicitly expressed their skepticism on the method offered by the app to attenuate
their worries, for example:

I do not think that it [AEON] can actually drive away a worry unless it is only a trivial one, let’s say,
by simply swiping your finger on the screen and letting a sentence poetically go away with the water, to be
honest it [AEON] does not make [a worry going away] a lot. - P7
Similarly, P6, who found AEON useful in helping him let go of his urge to smoke, said:

I always approached things as they were, I do not know, (and by writing and dissolving them?) To be
honest as usual, because if I’m looking for a job, which is my worry, although I write and dissolve it, my
interest to look for a job remains, and not having a job gets me down.

Feelings

Table 2.4 summarizes the themes and sub-themes that belong to the “Feelings” topic area. For each
theme or sub-theme, the table indicates the participants to which it applies.

Table 2.4: Themes and sub-themes of the “Feelings” topic area. The last column indicates the participants
for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Positive feelings AEON elicited positive feelings in partici-

pants for a short period of time (when they
were using AEON and/or immediately af-
ter), attributed to its graphics or water sim-
ulation.

Types of positive
feelings

AEON elicited a feeling of relaxation,
well-being, pleasantness, and enjoyment in
participants.

P1, P3, P4,
P8, P9, P10,
P12, P13,
P14

Causes of the
positive feelings

The positive sensations elicited by AEON
were attributed to its graphics or to the sim-
ulation of the natural element.

P4, P8, P9,
P12, P14

No feelings AEON did not elicit any particular feeling
in participants when they were using it or
in general during the period of the study.

P3, P7, P11,
P14

Negative feelings AEON elicited negative feelings in partici-
pants when they were using it.

Worries The negative feelings were elicited by
thinking about the worries entered into
AEON.

P1, P4, P5,
P13, P15
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Table 2.4: Themes and sub-themes of the “Feelings” topic area. The last column indicates the participants
for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Burden The negative feelings were due to the fact

that they had to force themselves to use
AEON.

P4, P6

Positive feelings

The usage of AEON elicited a range of positive sensations in nine participants. The majority of them
referred to relaxation, such as P1:

I was quite relaxed, although the app is meant to be used to write sad thoughts.
Another participant, P10, pointed out that the sense of relaxation helped her fall asleep during the evening,
while P9 said that the usage of AEON was also enjoyable.
Other two of these participants referred instead to a sense of well-being:

[sometimes] it was like a relief valve, I liked a lot thinking that by deleting a thought I was able to get
over some aspects of my life. - P13
P4 provided instead this explanation:

[. . .] But then I felt better, that is, once you focused on a worry and also played with it, in the end I
would not say that it is like overcoming it but, maybe at the end of the day you say “I made it, I’m ok” (so,
was it a good feeling?) yes, it was a nice sensation, almost relaxing, yes, like “I’m closing a bad thing and
maybe I do not burden other people.”- P4
Interestingly, five of these participants said that the positive sensations elicited by AEON were due to
its graphics and the simulated natural element. For example, P14 explicitly mentioned the beauty of the
graphics, while P8 indicated the water simulation:

I thought to be calm where I was sitting and I thought about the waves which were moving, thus it gave
me a sense of relaxation.
Finally, the experience described by P12 is worth noting:

[. . .] it was..., the water was mesmerizing, indeed, although the written thought disappeared, I
continued to move my finger because it was wonderful [. . .] I don’t know if this mesmerizing was due to
the thought I was dissolving but, actually, I felt attracted.

No feelings

Four participants pointed out they did not experience any particular feeling during the usage of AEON
or in the long term. In particular, P3, who described a pleasant experience when using the app, reported that
she was more worried in the period of the study, but said it depended on external circumstances unrelated
to the app. Similarly, P14, who highlighted that the usage of the app was relaxing, pointed out that it could
be difficult to understand whether she was more or less relaxed in general. Unlike these two participants,
P11 provided this explanation:

I did not feel attracted, maybe it’s because I’m very introverted, let’s say, I tend to keep my worries for
myself, I tend to tell them to nobody [...].
Similarly, P7, who pointed out he felt indifferent during the period of the study, also revealed to be skeptical
about the approach offered by the app to attenuate his worries.



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

40 2. Design and Evaluation of Mobile Mindfulness Apps

Negative feelings

Six participants reported that the usage of AEON elicited in them negative feelings. For four partici-
pants, these negative feelings were due to the worries they entered into the app. For example, P5 pointed
out that she felt worried about the things she had to do in her life, which were the worries she entered into
the app, while P1 said that sometimes her happiness turned to sadness when she read the worries she had
previously entered into AEON. In line with these negative feelings, P13, said: “70% of times [when I was
using AEON] I felt depressed, due to the worries I was writing”, while in “the other 30% of times” he felt
a sense of well-being.
Another participant, i.e. P15, pointed out that she felt nervous when distancing from thoughts:

I felt a little bit nervous due to the fact of seeing the thoughts [written]... maybe dissolving them made
me feel a little bit less nervous, but still, making contact... having to write them made me nervous [. . .] not
always, but very often [. . .] I am not able to tell why [. . .]
Unlike these participants, P4 indicated the time needed to dissolve some worries in the “Practice” screen to
be the cause of the negative sensations she felt (the necessary time needed to dissolve a thought in the app
does not actually change with the thought). She pointed out:

[. . .] other [worries] needed instead more time [to be dissolved] and they elicited a little anxiety in me.
Other two of these participants pointed out that the negative feelings they felt were due to the fact that they
had to force themselves to use the app. For example, P6, who at the beginning of the study felt confident
about the possibility of alleviating his worries by using AEON, pointed out:

It [the usage of AEON] was a little bit boring at the end. I had to force myself to use it, because I used it
when I had 5 minutes in which I did not know what else to do, but it was not the case that I woke up thinking
“I have to use the app”.
On the contrary, for P4 these feelings were elicited only at the beginning of the study, while towards the
end the usage of AEON became a pleasant habit.

Patterns of Use

Table 2.5 summarizes the themes and sub-themes that belong to the “Patterns of use” topic area. For
each theme or sub-theme, the table indicates the participants to which it applies.

Table 2.5: Themes and sub-themes of the “Patterns of use” topic area. The last column indicates the
participants for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Particular uses AEON was used in particular moments and

with particular strategies.
Use during the
evening

AEON was mainly used during the
evening, at the end of the day.

P3, P4, P5,
P12

Use during free
time or anxious
periods

AEON was mainly used during free time
or anxious periods.

P1, P9

Use as a diary or
record of worries

AEON was used as a diary, to keep record
of worries.

P4, P5, P12,
P15

Forget to use Participants forgot to use AEON. P4, P7, P8,
P9
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Particular uses
Six participants pointed out that they used the app during particular moments. For example, one participant
revealed that she used the app when she was more anxious:

I noticed that I used it [AEON] more, even like two or three times per day, when . . . when there were
those days of total anxiety. - P9
Unlike P9, P1 said that she used the app during the empty moments of the day. Other four of these par-
ticipants revealed they mainly used AEON during the evening and, for two of them, the app was useful to
summarize the day they just spent. For example:

I used it [AEON] during the evening, because usually I did not have enough time [during the day], so
it’s when you review the things you’ve done during the day, so I would still use it during the evening. - P5
Considering how they used the app, it came out from four participants that they employed it for a purpose
that was not part of the original design, i.e. they used the list of entered worries in the “My Thoughts”
screen as a diary of their worries, for example:

It was like a diary [. . .] I saw this app as a diary. - P5
For two of these participants, i.e. P4 and P12, the list stimulated a reflection on the impermanence of their
worries (as already described in the ”Decentering” topic area).

Forget to use
Four participants revealed that sometimes they forgot to use the app and two of them provided an explana-
tion. Indeed, P8 pointed out that this could be due to the period in which he tried the app, though he did not
explain why the period was so peculiar. Instead, P4 said:

[. . .] I had to remember to use the app, because I did not use it exactly when there was a stressful
moment, as in those moments I had to manage other things [. . .].

App Features

Table 2.6 summarizes the themes and sub-themes that belong to the “App features” topic area. For each
theme or sub-theme, the table indicates the participants to which it applies.

Table 2.6: Themes and sub-themes of the “App features” topic area. The last column indicates the partici-
pants for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Beautiful and
easy-to-use app

AEON is a beautiful and easy-to-use app. P1, P4, P5,
P8, P9, P10,
P11, P12,
P13, P14

Usability issues Usability issues.
Length of water
simulation

The time required to delete a worry is too
long.

P4, P6, P7

Gestures Problems related to the gestures needed
in the “Practice” screen to go to the next
worry or back to the “My Thoughts”
screen.

P4, P7, P9,
P12

Other Other usability issues. P3, P5, P12
Suggestions for
improvement

Suggestions for improvement.

Effects/Animation Provide new effects or animations to dis-
solve worries.

P5, P10, P13,
P14

Background Provide the possibility to change back-
ground color or image inside an effect.

P4, P5, P10,
P11
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Table 2.6: Themes and sub-themes of the “App features” topic area. The last column indicates the partici-
pants for which each theme or sub-theme applies.

Theme Sub-theme Description Participants
Music Provide background music or ambient

sounds.
P6, P7, P13

Other Other improvements. P4, P5, P8,
P9, P13

Beautiful and easy-to-use app

Eight participants pointed out that they liked the app. Some of them referred to the overall app, as, for
example P11:

Interesting, let’s say it’s a novel app, a novel idea [. . .] maybe I will use it in the future.
Other participants explicitly referred to its graphics or to the animation:

The interface is nice and, in my opinion also the idea of water. - P14
Similarly, P4 said:

[. . .] the water effect is wonderful!
P4 and P14, together with other three participants, also pointed out that the app was easy to use. In particular,
P4 highlighted the fact that the “Help” screen was useful to assist her when she did not remember how to
use the app, while P13 said:

It’s a nice idea [. . .] more than anything else, the strength of this app relies in the fact that it’s simple
to use.

Usability issues

Some participants pointed out they encountered usability issues when using the app. One concerned the
water effect. Indeed, P4 said she had the subjective impression that sometimes the deletion of a worry lasted
for a long time, while for other times it was shorter. She also pointed out that she felt a little bit anxious in
the former case.
Other two participants suggested that the deletion of a worry should be shorter. For example, P6 said:

[. . .] maybe the deletion of a worry should be a little bit shorter, I mean, the water effect is too strong,
the water should calm down in a shorter time.
Other problems were related to the gestures required to go to the next selected worry or to go back to the
“My Thoughts” screen. For example, for three participants these gestures were not intuitive and thus were
often performed in the wrong way. As a result, these participants triggered other waves instead of going
back to the “My Thoughts” screen or go to the next selected thought.
P12, who was a Computer Science master student, formulated this hypothesis:

I think there is a usability problem [in the Practice screen], If I may say so, because I’ve a Samsung
but that screen requires iPhone’s gestures. I did always the wrong gesture to close [go back to the “My
Thoughts” screen], because the Samsung requires the arrow [the button] [. . .] and also the scrolling [of
the worries], because I’m not accustomed to use two fingers on the screen, maybe for those who use the
iPhone it’s normal, but it is not for those who use the Samsung.
P12 revealed also that she did not like the fact that every time she launched the app some worries were
already selected in the list:

[. . .] because if I don’t notice that the last worry in the list is selected, I then later notice there are
more worries [in the Practice screen] than those I selected.
Similarly, when she pressed the “Delete” button in the “My Thoughts” screen:
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When I had to delete [some worries], they were already selected... The list should have been empty.
Problems related to the list emerged also from another participant. Indeed, P3 said that she would have
liked to have a worry automatically deleted from the list when she dissolved it in the “Practice” screen.

Suggestions for improvement

Participants provided different suggestions to improve the app. One of these is the possibility to use
simulations of other natural elements to dissolve a worry. In particular, P5 and P13 suggested using fire.
However, P5 said that fire could not be useful to provide relaxation, while P13 said:

An idea could be to use fire, but in my opinion, with fire the app could lose the aim for which it has been
created.
Another suggestion, given by four participants, referred to the possibility to select among different colors
or images for the background. For example, P4 would like to have a cyan background, while P11, explicitly
suggested:

[I’d like to have] a little stones background rather than the parchment.
For three participants, background music or ambient sound could be an interesting feature. In particular,
P13 suggested that a water sound might be relaxing.
Other suggestions were related to the worries. Indeed, P5 would like to have the possibility to enter longer
worries, while P4 would like to enter and delete also positive thoughts. P9 suggested instead visualizing the
worries in a different style in the “Practice” screen:

I would put the worries in bold, so you notice them more on the parchment and they stand out better
when you are dissolving them.
P13 suggested sharing the worries with other users:

I would have shared some stupid worry with a friend of mine. For example, I would have said to [the
person] “dissolve this thought with me!”
This participant pointed also out that the possibility to organize worries in categories could be an interesting
additional feature.
Another participant wanted more privacy for the worries she entered:

When you launch the app you have all your thoughts and I think it would be appropriate to protect the
app with a password... because you could leave the phone unlocked and someone launches the app and
sees all your thoughts and... because I see the app as a diary, I would not want someone else to see them. -
P5
Finally, P8 suggested that the app could provide some usage statistics, which could persuade people to use
it more:

I would provide some data about the usage, which could give benefits to users [. . .] maybe an analysis
of stress based on how a user moves his/her finger on the screen, maybe after one month you see that a user
behaved in a different way [. . .] giving something more [usage statistics] could persuade users, because I
forgot sometimes to use the app. - P8

2.4.3 Discussion and Design Opportunities

2.4.3.1 Mean Daily Usage

The analysis of the temporal data collected by the app over the five weeks pointed out that mean daily usage
saw a quick drop after the first three days and then it decreased but very slowly until the end of the study
period (see Figure 2.12). The longer time of daily usage in the first days of the study could be partially
explained by the fact that participants had to enter their worries that were memorized in the app for later use
as well as familiarize with the app itself. The app’s novelty effect on participants could also have contributed
to this result. The fact that mean daily usage does not increase towards the end of the study excludes the
parking lot compliance effect (Stone et al., 2003), i.e. participants did not try to create the appearance of
complying with the study protocol.
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2.4.3.2 Decentering

The analysis of the interviews pointed out that AEON helped participants focus on their worries, which
are part of their internal experience. Indeed, when using the app, some participants focused on the worries
already entered, while others focused on something that really worried them but was not entered yet into
the app. This result suggests that the usage of AEON can help naive meditators focus on their internal
experience, which is the first step to achieve decentering from it. As pointed out by Shapiro et al. (2006),
the capacity to bring attention to internal experience is a fundamental component of mindfulness and its
practice could enhance the ability to inhibit secondary elaborative processing of thoughts, feelings and sen-
sations, that is the ability to achieve decentering. In our case, the interviews pointed out that 13 participants
experienced decentering from their worries or from some of them when using AEON. In particular, some
participants referred to a stance of objectivity and acceptance toward their worries, while others pointed
out that the usage of the app helped them let go of their worries. Four of these participants experienced
decentering only slightly or for a short period of time, but also this result is interesting if we consider the
fact that they were unfamiliar with mindfulness and decentering.

In addition to the considerations about the focus on internal experience, another factor that could have
contributed to participants’ experience of decentering is the high degree of computational off-loading that
the app can offer to users. Computational off-loading refers to “the extent to which different external rep-
resentations reduce the amount of cognitive effort required to solve informationally equivalent problems”
(Rogers, 2004) and is part of the theory of external cognition (Scaife and Rogers, 1996). As pointed out
by some participants, AEON offered them a way to see their worries and their progressive disappearance
through an external visualization, which was helpful to perceive their worries as distant objects. This spe-
cific result is in line with the comments that participants provided in our lab evaluation of AEON (see Sec-
tion 2.3) and suggests that the usage of AEON can help naive meditators in achieving a detached awareness
of their internal experience, which according to Wells (2006) is one fundamental component of decentering.

Two participants pointed out that the list of the entered worries shown in the “My Thoughts” screen
evoked in them a reflection on the impermanence of worries. This was an unexpected result, as the list was
designed to be only a support for users to conveniently select the worries on which to practice. As suggested
by the two participants, a possible explanation of this finding is that, when looking at the older worries, they
realized that those worries were no longer important for them as they were tied to the particular past pe-
riod in which they were entered into the app. This suggests that a more explicit highlighting of temporal
information in the list of worries could be another factor that can help users experience decentering from
their worries, as the awareness that thoughts and feelings are impermanent is one of the desired outcomes of
mindfulness (Linehan, 1993b) and particularly decentering (Safran and Segal, 1996; Teasdale et al., 2002;
Wells, 2006).

The analysis also pointed out that seven participants did not experience decentering from their most
serious or persistent worries or from all their worries. Some of these participants explicitly pointed out
their skepticism about the approach offered by AEON to attenuate their worries, which could explain this
outcome. Indeed, this attitude might have had a negative impact on their intentions for using the app. As
pointed out by Shapiro et al. (2006), the intention to practice is another necessary component of mindful-
ness, which sets the stage to achieve benefits from practicing. In addition to this consideration, it must
also be noted that to experience decentering from serious or persistent worries a disciplined formal as well
as informal mindfulness practice is needed on a daily basis, see e.g. (Kabat-Zinn, 2003). In this context,
AEON is designed to be of help to naive meditators in one of the set of activities that need to be learned
in the early stage of the practice of mindfulness, and the fact that the majority of participants in the study
experienced decentering from some of their worries using the app is an encouraging result.

2.4.3.3 Feelings

AEON elicited different feelings in participants, both positive and negative. Considering the positive ones,
when using the app nine participants felt a sense of enjoyment, well-being or relaxation, which was the most
frequent feeling (reported by six of the nine participants). Interestingly, five of these participants explicitly
pointed out that the positive feelings they felt when using the app were due to its graphics and simulation
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of the natural element.
This result can be explained by the fact that experiences with nature and natural elements, including

passive ones, such as staring out a window or at a computer screen that displays images of nature, can have
a restorative impact on people, e.g. stress reduction, relaxation and an overall restoration in energy and well-
being (Bates and Marquit, 2011). Thus, in our case, the water simulation can have provided participants
with a virtual experience of the corresponding natural element that was able to bring its restorative effect.
Moreover, AEON allowed participants to interact with the simulated natural element with their hands, a
factor that could have contributed to make the experience more realistic and pleasant.

This result suggests that the simulation of a natural element can be appropriate for the purposes of mind-
fulness apps. Moreover, the pleasant experience users derive from the interaction could persuade them to
practice mindfulness more frequently.

On the other hand, for five participants the usage of AEON elicited negative feelings (worry, sadness,
nervousness or anxiety), which were due to the worries they entered into the app. As pointed out by Baer
(2003), the mental observation of internal conditions might induce phenomena in contrast to relaxation,
such as autonomic arousal or racing thoughts. In our case, AEON could have offered participants a new and
more concrete way to be in touch with their worries, and this might contribute to eliciting negative feelings.
However, it must be noted that these participants also reported the experience of decentering from their
worries or from some of them when using AEON. Thus, these negative feelings could be only an initial side
effect that could be mitigated as users learn to practice mindfulness.

Finally, four participants pointed out that they did not experience any particular feeling when using
the app or in general during the period of the study. In particular, two of them pointed out that they were
skeptical about the method offered by AEON to attenuate their worries. This attitude towards the app might
explain their low involvement.

2.4.3.4 Patterns of Use

Results pointed out different patterns of use of AEON. In particular, four participants indicated that they
mainly used the app during the evening. This result is consistent with the data collected by the app (see
Figure 2.12), and, as explicitly pointed out by two of these participants, this can be due to the fact that the
evening is seen as a right time to briefly summarize what happened during the day. Moreover, this finding
is in line with the suggestions of some mindfulness teachers, e.g. (Gunaratana, 2002; Kabat-Zinn, 2005),
who point out that evening is a good moment to practice mindfulness, as it can help people to free their
mind from the burden they accumulated during the day. Also, it can help them sleep better, and this was
explicitly remarked also by one of the study participants.

The analysis revealed that four participants used the app, and in particular the list of worries in the “My
Thoughts” screen, as a diary or a record of their worries. As pointed out in Section 2.4.2.2, for two of these
participants looking at the list evoked a reflection on the impermanence of worries.

This unexpected result has interesting implications, suggesting that a distancing from thoughts app
should offer users an easy way to record and see all the thoughts they entered also from a temporal point of
view. A possible solution could be to organize the list with a calendar view. Indeed, as recently proposed
by Hund et al. (2014), a continuous list representation of successive days (Figure 2.13) could let users be
faster in searching for dates and for specific days when they are highlighted rather than with the standard
grid layout, e.g. the one offered by iOS or Android.

In our case, the list view calendar could be useful to highlight the days in which users entered thoughts
or practiced mindfulness with them (see Figure 2.14 for a possible adaptation).

Moreover, the list view could offer users the possibility to select a thought and trigger an animation
which shows on a timeline when and for how long they practiced or not mindfulness with it. The animation
could begin from the day in which the user entered the thought into the app (Figure 2.15a). While the
timeline is scrolling, the animation could highlight the periods of time during which the user did not practice
mindfulness with the selected thought (see example in Figure 2.15b) as well as the periods of time during
which (s)he practiced on the thought (see example in Figure 2.15c). As a result, the animation could offer
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Figure 2.13: List view calendar (Hund et al., 2014)

users a simple way to see how the practice with their thoughts changed over time, which can foster a
reflection on their impermanence.
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Figure 2.14: Possible adaptation of the list view calendar for a mindfulness app. The calendar shows the
days in which the user entered thoughts (first icon) or practiced mindfulness with them (second icon).

(a) (b) (c)

Figure 2.15: Example of the timeline animation. (a) The animation begins from the day in which the
selected thought has been entered into the app by the user. This day is highlighted in the timeline. (b) While
the timeline is scrolling, the animation informs the user about the number of days in which (s)he has not
dissolved the selected thought. (c) The animation reaches the first of the three consecutive days in which
the user dissolved again the selected thought. These days are highlighted in the timeline.
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Finally, the analysis pointed out that sometimes participants forgot to use AEON. This result could be
due to the fact that, as the app proposed users a novel behavior, they were not being triggered to perform
the behavior (Fogg, 2009). Although some participants pointed out that they mainly used AEON when they
were more anxious, the addition of automatic prompts to use the app could be useful to help users develop
a regular mindfulness practice.

To make the prompts effective, one should consider that users already receive a large number of noti-
fications from their apps, which can be interrupting and frustrating. Thus, as suggested by Sahami Shirazi
et al. (2014), it is necessary to find a balance between disrupting the user and providing valuable informa-
tion. In our case, a possible solution could be based on two (optional) notifications per day which invite
users to practice mindfulness. In general, a mindfulness app could provide users with some hints for setting
notification times, following the suggestions of Gunaratana (2002) and Kabat-Zinn (2005), who point out
that two good moments to practice mindfulness are at the beginning and at end of a day. Thus, for the first
daily notification, the app could suggest users to indicate a time which closely follows the one they set for
their smartphone’s alarm clock. In this case, the notification could prompt users with messages like: “Begin
your day with a mindful attitude”. However, if users choose another time for the notification, as for example
an afternoon hour, the prompt could be: “This is the moment you chose to practice mindfulness, take your
time and begin the observation of your thoughts”.

For the second daily notification, the app could suggest users to indicate a period of time just before
they usually have dinner or before they go to bed. In these two cases, the prompts could respectively be like
“Let’s free the mind of the mental stress you accumulated during your day” and “Let’s get rid of the burdens
before you sleep”. Overall, allowing the user to choose how many notifications to receive and tailor their
time could persuade users to use more the app, as pointed out for such kind of tailoring by (Fogg, 2009).

2.4.3.5 App Features

The analysis pointed out that almost all participants liked the app. This could be due to the fact that AEON
offered users a visual experience that could be aesthetically pleasing and, as pointed out before, provided
them with the possibility to tactilely interact with the simulated natural element. Participants also found
AEON easy to use probably because it requires just a few simple steps to enter a thought and practice
distancing from it.

The analysis also pointed out that participants experienced some problems when using the app. One
of them concerned the gestures required by the app to change worry or to go back to the “My Thoughts”
screen, which four participants considered as counterintuitive. Interestingly, all but one of them had an
Android device. These participants could be more familiar with the use of a physical button to navigate
between different screens of an app, typical of Android devices, than swipe gestures. However, we did not
want to introduce differences in the distancing from thoughts practice in the Android and iOS versions of
the app used in the study. More tailoring to the platform conventions should be considered for interactive
practice that reach the commercial phase. In distancing from thoughts, different methods should be used
to implement the gestures to change thought or to exit from the practice. For example, a possible solution
could consist in the gradual appearance of two buttons at the bottom of the screen, i.e. one to change worry
and one to exit the practice, when a thought has completely disappeared. Although these buttons could be
perceived as extraneous elements unrelated to the practice of mindfulness, they could make the usage of the
app easier.

Other suggestions for improvement emerged from the analysis. Most of them concerned the possibility
to select among different simulations of natural elements to dissolve a worry or to choose among different
background images or colors. Finally, other participants suggested using a background music or an ambient
sound. For example, the simulation of wind could provide an alternative to water: a thought could be
displayed as written on the sky with a cloudy style; then, as users move their fingers on the screen, they
trigger gentle air blows which make all the words of the thought spread out on the sky and progressively
disappear.

However, the effectiveness of new natural element simulations in helping users achieve decentering will
have to be carefully evaluated.
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Another suggestion concerns the possibility to provide users with usage statistics. This could be an
interesting feature for a mindfulness app and, for this purpose, we can take inspiration from personal in-
formatics and quantified self systems, i.e. tools that help people collect personally relevant information for
the purpose of self-reflection and gaining self-knowledge to help people become more aware of their own
behavior, take better decisions, and change behavior (Li et al., 2010, 2011). However, a trade off must be
found between the mainly qualitative experience of mindfulness and the quantified self-tools that can be
included in the app. Indeed, the introduction of such monitoring capabilities could focus users mainly on
the process of data collection and data analysis, striving for an improvement of such data. Unfortunately,
as pointed out by Kabat-Zinn (1990), a striving attitude could undermine the cultivation of mindfulness.
Therefore, a mindfulness app should collect and display data in ways that are consistent with its purpose,
i.e. helping users achieve a state that requires time to be cultivated. For example, the app could record the
time users spent dissolving their thoughts and offer them the possibility to assess their level of decentering
no more than weekly, e.g. by using the EQ questionnaire (Fresco et al., 2007). Interestingly, as pointed
out by (Plaza et al., 2013), none of the current mindfulness apps provides assessment features based on
recognized questionnaires. Then, the app could analyze the collected data, for example by correlating time
of use and changes in the level of decentering from week to week or month to month, to assess if decen-
tering increased when users practiced more with the app. In describing the results to users, the app could
follow the qualitative method described in (Bentley et al., 2013), which employs natural language to present
significant connections between the data collected by a mobile app, e.g. users’ weight, sleep hours, weather
and mood. Results of the study described in (Bentley et al., 2013) pointed out that this method helped users
in increasing self-understanding that led to focused behavior changes. In our specific case, once enough
data is collected and the result of a new statistical analysis is available, the app can present users a message
in the form: “You were more mindful last week, when you used more the app” or “Your level of decentering
increased this month”, which could help them gain a better understanding on how they are performing the
learning and practice of mindfulness.

Lastly, another suggestion that emerged consists in the possibility for users to share the process to
dissolve a worry together with other users. This could be an interesting feature to implement, as it allows
leveraging the principle of social facilitation, i.e. the fact that people are more likely to perform a target
behavior if they can discern via technology that others are performing the behavior along with them (Fogg,
2002), and thus persuade people to use more the app. However, as learning mindfulness involves the
training of attention (Shapiro et al., 2006), this feature introduces a risk of possible distraction to users
when practicing and should be carefully evaluated.

2.5 Quantitative In Situ Long-Term Study
The purpose of the qualitative study described in Section 2.4 was to thoroughly investigate users’ experi-
ence with AEON. In particular, we were interested to gain a deep understanding of users’ perceptions in
using the app for ameliorating worry, as well as discovering possible different patterns of use and design
opportunities. Results point out that several participants experienced decentering from their worries when
using the app, suggesting that the prolonged use of AEON might be beneficial for people.

With the study described in this section, we aim at quantitatively investigating the effectiveness of
AEON when used by people in their everyday contexts for a prolonged period of time, as well as extend
the study sample. For such purposes, we included into the app a questionnaire to assess mindfulness and
employed the research in the large methodology (see Section 1.2) to carry out a 4-week study. Interestingly,
no interactive practice has been evaluated in participants’ natural settings over a prolonged period of time.
Indeed, the review of the literature on computer-supported mindfulness included in Section 2.1.2 highlights
two different situations. On one side, there are a few studies that showed the efficacy of interactive practices
in helping naive meditators achieve mindfulness, but they consist of evaluations carried out in a lab or in a
similar artificial setting that assess only short-term effects. On the other side, there are studies conducted
over a prolonged period of time in everyday settings, but they analyze traditional practices taught without
computers, see (Keng et al., 2011) for examples, or using computers only to provide teaching materials at a
distance.
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The research methodology we employ for this evaluation has been previously used in mindfulness stud-
ies. Indeed, Killingsworth and Gilbert (2010) used research in the large to collect happiness and mindful-
ness reports from a large number of users, while Runyan et al. (2013) employed it to deliver a behavioral
assessment and intervention aimed at increasing self-awareness. However, the mobile apps used in such
studies were only aimed at prompting specific questions to participants and did not provide any support to
mindfulness practice.

To the best of our knowledge, no study employed research in the large to evaluate a mobile mindfulness
app. This research approach would allow the obtained results to have a greater ecological validity than
those of the evaluations carried out so far (Miller, 2012).

Participants could take part in this study by downloading AEON from Apple’s App Store as well as
Google Play and accepting the study conditions that were shown after the first launch of the app. To
measure the level of participant’s mindfulness, we included into the app a mindfulness questionnaire that
assessed decentering. Participants were asked to answer the mindfulness questionnaire three times: (i) after
acceptance of the study conditions (START), (ii) two weeks after (2WEEKS), and (iii) four weeks after
(4WEEKS) the acceptance of the conditions. Finally, at the end of the four weeks, the app proposed to fill
out an optional qualitative questionnaire.

Since AEON was designed with naive meditators in mind, we also included a short initial questionnaire
to distinguish naive meditators from people with experience with meditation (in the following, experienced
meditators). This distinction allows us to investigate possible differences between the two categories of
participants.

2.5.1 Hypothesis
Since our previous evaluation of AEON pointed out that the app can help people achieve decentering during
a short usage session (see Section 2.3), we hypothesize that the prolonged use of the app could help them
cultivating such mindful state and improving it over time. In particular, we expect that participants’ level of
decentering will grow after two and then after four weeks of app use.

The study of effects on experienced meditators is instead more exploratory in nature. Indeed, experi-
enced meditators might already show high levels of decentering at the beginning of the study, and using
the mobile app might not necessarily be beneficial to them, also because, if they are already well trained in
mentally practicing distancing from thoughts, a technological adjunct that introduces to the practice might
be more hindrance than help.

2.5.2 Materials and Apparatus
For this study, we ported the app to the Unity development environment (Unity Technologies, 2013) to
make it multi-platform (Android and iOS) as in the study described in Section 2.4. This choice allowed us
to (i) extended the potential population of participants, as the two platforms might have different types of
users (Cramer et al., 2010), and (ii) provide an identical visual appearance and behavior of the app on the
two operating systems.

Figure 2.16 shows the “My Thoughts” screen of the Unity version of the app. The behavior of this
screen is the same as the one described in Section 2.2.2 and in Section 2.4.1.1 Moreover, we provided users
with a quick tutorial shown the first time they launched the app (see Figure 2.17a and 2.17b).

We provided users with a quick tutorial also the first time they entered the “Practice” screen (see Figure
2.18a), whose appearance and behavior is the same as the one described in Section 2.2.2, and the first time
they dissolved a thought, to illustrate the swipe actions (see Figure 2.18b).
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Figure 2.16: “My Thoughts” screen.
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(a) (b)

Figure 2.17: Tutorial of the “My Thoughts” screen. First page (a); Second page (b).
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(a) (b)

Figure 2.18: Quick tutorials for the “Practice” screen (a) and for the swipe actions (b).
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2.5.3 Measures
2.5.3.1 Demographics and Usage Data

A short initial questionnaire included into the app (see Figure 2.20) was used to collect participants’ age
and gender, and to identify naive meditators. To this purpose, we followed the criteria by Lau et al. (2006),
who considered as naive meditators those participants having no experience at all or less than 8 weeks of
experience of daily practice with mindfulness or any form of meditation (including yoga, tai chi, and qi-
gong). Thus, we asked participants if: (i) they had ever attended a course on or were practicing any form
of meditation, e.g. mindfulness, yoga, tai-chi, qi-gong; (ii) they had ever practiced or were practicing daily
meditation techniques for at least eight weeks. We considered as naive meditators those participants who
answered (i) negatively both questions, or (ii) affirmatively only the first one. On the contrary, participants
who answered affirmatively both questions were considered experienced meditators.

During the study period, AEON logged the total amount of time participants spent in the “Practice”
screen (hereinafter, practice session) and the total number of different thoughts they practiced on. The
app collected also some device characteristics, i.e. the operating system, the language that participants set
in the device and the screen resolution. Finally, the app assigned a unique and anonymous code to each
participant, generating it from the device identifier.

All data was saved on the mobile device during the study and sent to a secure server when an Internet
connection was available.

At the end of the study, the data collected by the app was used to derive the values of the following
variables for each participant:

• total practice time: total amount of time (in seconds) the participant practiced distancing
from thoughts;

• daily practice times: practice time during each day of the study. If a practice session spans two days,
the practice time is associated to the day in which the session started;

• distribution of practice sessions throughout the day: how the total number of practice sessions in a
day is distributed (in percentage) on each of the single hours. If a practice session spans two hours,
the session is associated to the hour in which the participant started practicing;

• total days of practice: total number of days in which the participant practiced distancing from
thoughts during the study period;

• total number of thoughts: total number of different thoughts on which the participant practiced dis-
tancing from thoughts during the study period.

2.5.3.2 Decentering

Decentering was measured with the 11-item Decentering Subscale of the Experience Questionnaire (DEQ)
(Fresco et al., 2007), which was included into the app (see Figure 2.21). The subscale includes items such
as “I am better able to accept myself as I am” or “I am not so easily carried away by my thoughts and
feelings” - the full list of items is available in (Fresco et al., 2007). Items are rated on a 5-point scale
(“never”, “rarely”, “sometimes”, “often”, “all the time”) where “never” corresponds to 1 and “all the time”
to 5. Ratings are summed to obtain an overall score that can range from 11 to 55. We measured internal
reliability with Cronbach’s alpha, α = .86 (START), .88 (2WEEKS), .93 (4WEEKS).

2.5.3.3 Qualitative Feedback

The optional qualitative questionnaire presented at the end of the study contained six open-ended questions
that asked participants about their experience with the app (see Table 2.7). The questionnaire was included
into the app and participants could write their answers in the text area that was available below each the
question (see Figure 2.22).
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Table 2.7: Questions of the qualitative questionnaire.

N. Question
1 What did you think while you were using the app?
2 How did you feel while you were using the app?
3 Did you notice anything new in your days or in yourself during

the period of the study?
4 Did you relate to your worries or think about them differently

during this period?
5 Now that you are familiar with the app, what do you think about

it?
6 Is there anything that you would change or improve in the app?

2.5.4 Method and Procedure
The study was based on a within subjects design with the assessment point (START, 2WEEKS and
4WEEKS) as independent variable.

We released AEON on Google Play the 21st of February 2014 and on Apple’s App Store on the 11th of
March and participants with devices running at least Android 4.0.3 or iOS 7 could download it for free. On
both app stores, the app was listed under the “Health & Fitness” category with the title “AEON Mindfulness
app”. In this way, participants could find it both by browsing the app category or by searching for apps using
“mindfulness” as keyword.

The language used by the app menus and tutorial was English, but participants were able to enter their
thoughts for the interactive practice in their preferred language. To encourage participants in using the app
and answering the mindfulness questionnaire during the study period, we defined an incentives mechanism,
following the general suggestions of previous studies that employed a research in the large paradigm, e.g.
(Ferreira et al., 2012; Henze et al., 2011a; Miluzzo et al., 2010). In the following, we describe the incentives
mechanism and the whole experimental procedure. When launched for the first time, the app informed
participants that by using it they would participate in a study. Purpose of the study, data collected and
anonymization measures were briefly explained. Additional information on the app and the terms and
conditions of use were available to participants through two optional screens. Participants were then asked
to use the app for a period of four weeks. As an incentive, the app informed participants that at the end of
the study it was going to: (i) remain free to use, and (ii) unlock new “cool” features (see Figure 2.19).

When participants gave their consent to participate in the study, the app asked them to fill (i) the initial
short questionnaire depicted in Figure 2.20 and (ii) the mindfulness questionnaire (see Figure 2.21).

The app exploited the notification system of the smartphone to ask participants to fill out again the
mindfulness questionnaire two and four weeks after they filled it the first time. Each time, participants were
remembered that by answering the questionnaire they were going to receive new app features at the end of
the study.

After receiving the notification, participants could answer the questionnaire within three days. This was
done to give participants the opportunity to answer the questionnaire at a convenient time when they were
not in a rush and, at the same time, to ensure that they answered within the same limited number of days.
If they did not answer within three days, they were excluded from the study. In this case, the app stopped
collecting data, remained free to use but did not unlock new features.

After completing the third mindfulness questionnaire at the end of the study, participants received a
proposal from the app to fill out the optional qualitative questionnaire (see Figure 2.22) and were informed
that an extra feature was going be unlocked if they answered also that questionnaire.

Finally, the app thanked participants for their participation in the study and illustrated them the new
features that were unlocked, i.e. the possibility to choose among a set of different backgrounds for the
“Practice” screen and the possibility to see a line graph of their three measurements of mindfulness taken
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Figure 2.19: Screen shown by the app after its first launch.

during the study. Participants who answered the qualitative questionnaire unlocked also an extra feature
(water sound effects during the interactive practice, that can be turned on or off).
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(a) (b)

Figure 2.20: Initial questionnaire: demographic questions (a); questions to identify naive and experienced
meditators (b).



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

58 2. Design and Evaluation of Mobile Mindfulness Apps

(a) (b)

Figure 2.21: Mindfulness questionnaire: instructions (a); the first two items (b).
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Figure 2.22: Screen shown by the app after its first launch.
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2.5.5 Results
2.5.5.1 Demographics and Usage Data

Table 2.8 shows the number of users who completed each of the following steps with the app between
the 21st of February (11th of March for the iOS version) and the 8th of October 2014: (i) download, i.e.
downloading and installing of the app, (ii) accept conditions, i.e. clicking on the “Accept” button in the
initial screen (Figure 2.19), (iii) initial questionnaire, i.e. completion of the questionnaire in Figure 2.20,
(iv) mindfulness START, i.e. completion of the mindfulness questionnaire (Figure 2.21) at the beginning
of the study, (v) mindfulness 2WEEKS, i.e. completion of the mindfulness questionnaire after two weeks,
(vi) mindfulness 4WEEKS, i.e. completion of the mindfulness questionnaire after four weeks, and (vii)
qualitative questionnaire, i.e. completion of the optional qualitative questionnaire (Figure 2.22). For each
step, the table indicates on how many Android and iOS devices it was completed. From step (iii) on, it
provides also the number of naive meditators (NM) and experienced meditators (EM). Finally, from step
(iv) on, it also highlights on how many devices the interactive practice was used (Practice used) and on how
many it was never used during the study (Practice never used).

Table 2.8: Number of participants for each step of the study.

Completion of step Total devices Practice used Practice never used
(i) Download 3979 (2791 Android,

1188 iOS)a

(ii) Accept condi-
tions

2997 (2132 Android,
865 iOS)

(iii) Initial question-
naire

2891 (2065 Android,
826 iOS; 2549 NM,
342 EM)

(iv) Mindfulness
START

2817 (2009 Android,
808 iOS; 2485 NM,
332 EM)

1540 (1127 Android,
413 iOS; 1374 NM,
166 EM)

1277 (882 Android,
395 iOS; 1111 NM,
166 EM)

(v) Mindfulness
2WEEKS

386 (255 Android,
131 iOS; 326 NM, 60
EM)

348 (231 Android,
117 iOS; 295 NM, 53
EM)

38 (24 Android, 14
iOS; 31 NM, 7 EM)

(vi) Mindfulness
4WEEKS

147 (96 Android, 51
iOS; 128 NM, 19
EM)

136 (89 Android, 47
iOS; 120 NM, 16
EM)

11 (7 Android, 4 iOS;
8 NM, 3 EM)

(vii) Qualitative
questionnaire

66 (46 Android, 20
iOS; 54 NM, 12 EM)

62 (43 Android, 19
iOS; 52 NM, 10 EM)

4 (3 Android, 1 iOS;
2 NM, 2 EM)

a The count of iOS devices can be lower than the actual number of devices in which the app has been
installed. Indeed, from iTunes Connect we could only get the number of installs by user and not the number
of devices in which the same user installed the app.

The sample of our study was thus formed by the 136 participants who answered all three mindfulness
questionnaires and practiced distancing from thoughts with the app. Based on participants’ self-reported
data, there were 39 male and 97 female respondent in the sample, and there were 120 naive meditators
and 16 experienced meditators. Figure 2.23 shows the distribution of participants’ self-reported age (M =
37.85,SD = 11.40).

Table 2.9 reports data about participants’ device language. The most common language was English
(69.1% of devices), followed by German (6.6%) and Swedish (5.1%).
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Figure 2.23: Distribution of participants’ self-reported age.

Table 2.9: Participants’ device languages and their frequency.

Language Frequency Percentage
Arabic 1 0.7%
Chinese 1 0.7%
Czech 1 0.7%
Danish 2 1.5%
Dutch 6 4.4%
English 94 69.1%
French 2 1.5%
German 9 6.6%
Hungarian 1 0.7%
Italian 4 2.9%
Portuguese 2 1.5%
Russian 1 0.7%
Slovenian 1 0.7%
Spanish 2 1.5%
Swedish 7 5.1%
Unknown 2 1.5%
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Figure 2.24 illustrated data about participants’ device resolution. The most common resolution was
1080× 1920 (19.1% of devices), followed by 720× 1280 (13.2% of devices) and 480× 800 (12.5% of
devices).

Figure 2.24: Participants’ device resolution.

Figure 2.25 shows when the user practiced during the day, considering the practice sessions of all
participants. The highest percentages of sessions occurred during evening hours (10.2% of sessions start
during 21:00-21:59, while 10.8% start during 22:00-22:59) and 44.9% of sessions start during 18:00 to
00:59.

Figure 2.26 shows the number of participants who practiced (active participants) for each day of the
four weeks of the study. The number of active participants shows a quick drop after the first 4 days,
displays a peak on the 15th day, and then drops again to low values until the end of the study. The mean
of active participants’ practice time during each day of the study ranged from 77.14 to 278.08 seconds
(M = 163.92,SD = 53.68).

Figure 2.27 shows for how many days participants practiced with the app through a frequency distribu-
tion. Participants who used the application for most of the days are rare: the distribution reaches the highest
values between 1 and 6 days of practice.
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Figure 2.25: Percentage of practice sessions throughout the day, considering all participants.

Figure 2.26: Active participants per day.
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Figure 2.27: Frequency distribution of participants’ days of practice.
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Table 2.10 shows participants’ total number of thoughts. The most frequent case is the 1-5 range.

Table 2.10: Total number of thoughts and their frequency.

Number of thoughts Number of participants Percentage
1-5 97 71.3%
6-10 21 15.4%
11-15 6 4.4%
16-20 4 2.9%
21-25 2 1.5%
26-30 2 1.5%
31-35 2 1.5%
41-45 1 0.7%
96-100 1 0.7%

2.5.5.2 Decentering

Figure 2.28 shows the mean level of decentering of naive and experienced meditators on the three as-
sessment points. The scores were analyzed with a two-way mixed design ANOVA with Greenhouse-
Geisser correction. The within-subject variable was assessment point (START, 2WEEKS, 4 WEEKS)
and the between-subject variable was experience with meditation (naive meditator, experienced medita-
tor). The analysis pointed out a significant main effect for both experience with meditation (F(1,134) =
9.10, p < .01,η2

G = .05), with experienced meditators achieving higher levels of decentering than naive
ones, and for assessment point (F(2,268) = 12.80, p < .001,η2

G = .02), and the interaction did not at-
tain significance (F(2,268) = 1.64, p = .20)). The main effect of assessment point was then investigated
by carrying out t-test pairwise comparisons with Bonferroni correction. For naive meditators, the post-
hoc analysis revealed a significant difference (p < .001) between START (M = 31.14,SD = 5.98) and
2WEEKS (M = 33.94,SD = 6.26), and a significant difference (p < .001) between START and 4WEEKS
(M = 35.67,SD = 7.23): the level of decentering of naive meditators was higher after two as well as four
weeks with respect to the beginning of the study. A significant difference (p < .01) was also found between
2WEEKS and 4WEEKS: the level of decentering of naive meditators was higher at the end of the study
with respect to the 2WEEKS assessment. For experienced meditators, the post-hoc analysis found instead
no significant differences in any pair of conditions.

The level of decentering increased from START to 2WEEKS for 61.8% of participants (64.2% of naive
meditators, 43.8% of experienced meditators), from START to 4WEEKS for 70.6% of participants (71.7%
of naive meditators, 62.5% of experienced meditators), and from 2WEEKS to 4WEEKS for 58.8% of par-
ticipants (57.5% of naive meditators, 68.8% of experienced meditators).

We tested if the changes in the level of decentering correlated with days of practice, practice time and
practice sessions, finding no significant correlations.

2.5.5.3 Qualitative Feedback

Among the 136 participants who practiced distancing from thoughts with the app, 62 answered also the op-
tional qualitative questionnaire. The qualitative questionnaires from three participants had to be discarded,
because two of them contained only random characters, while the answers in another one were in Swedish.
In the following, we briefly summarize the answers to each item of the questionnaire provided by these 59
participants (50 naive meditators, 9 experienced meditators).
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Figure 2.28: Mean level of decentering (capped bars indicate ±1SE).

First question

Almost half of the participants (47.5%) who answered the qualitative questionnaire pointed out that,
when using the app, they thought it was helpful. In particular, 28.8% of participants thought that the app was
useful to distance themselves from their thoughts or worries or see them as external objects. Interestingly,
one participant remarked that the app helped him realize that he was not his thoughts.

A group of participants (20.3%) pointed also out that they liked the app and enjoyed using it. Another
group (13.6%) mentioned instead confusion about how to use the app properly or skepticism about its
usefulness.

Finally, 11.9% of the respondents said that they focused on their thoughts or worries when using the
app, 6.8% said that they did not think about anything special, and one said he tried not to think at all.

Second question

The usage of AEON elicited positive feelings in the majority of participants (84.7%) who answered the
qualitative questionnaire, with relaxation and peacefulness as the most mentioned positive feelings (49.2%),
followed by a sense of well-being (23.7%).

A few respondents (5.1%) pointed out that they did not experience any particular feeling when using
the app, while 6.8% of participants reported also in this question that they were confused about how to use
the app or skeptical about its effectiveness.

Finally, for 5.1% of respondents, using AEON to face their thoughts sometimes elicited negative feel-
ings such as sadness.

Third question

The majority (76.3%) of participants who answered the qualitative questionnaire pointed out that they
experienced something new during the period of the study. In particular, a group of respondents (15.3%)
said that they were more mindful or aware of themselves, another group (23.7%) reported that they were
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better able to handle or distance themselves from their thoughts, including negative ones, and one participant
said both things. Other participants referred to a sense of calmness (10.2%) or well-being (8.5%). However,
13.6% of respondents were not sure whether such new feelings were due to the use of AEON or external
factors.

Finally, 23.7% of respondents said that they did not experience anything new during the period of the
study. For three participants, this could be due to the fact that they barely used the app.

Fourth question

The majority (81.4%) of participants who answered the qualitative questionnaire pointed out that during
the period of the study they related to their thoughts, worries or feelings differently. In particular, they stated
that the app was helpful for (i) seeing their worries as more external objects (25.4%), (ii) not reacting in
response to their thoughts (10.2%), and (iii) distancing from their thoughts (8.5%). For 18.6% of respon-
dents, these different perspectives toward their thoughts, worries or feelings were experienced only slightly
or only sometimes.

Finally, 16.9% of respondents did not relate to their thoughts, worries or feelings differently during the
study period.

Fifth question

The majority (66.1%) of participants provided positive opinions about the app. In particular, 40.7%
of respondents said they liked the app and 28.8% said it was useful. Other respondents (8.5%) explicitly
mentioned they were going to keep using the app in the future.

The negative opinions (11.9% of respondents) mentioned instead that the app was not easy or clear to
use, or that it was too simple to be useful.

Sixth question

Participants who answered the qualitative questionnaire provided some suggestions for improvement.
The most frequent one, provided by 11.9% of respondents, is the possibility to receive more instructions
to properly practice distancing from thoughts or advice on the thoughts to enter into the app, such as a
list of common thoughts that people might have. Another suggestion, given by 10.2% of respondents,
was to extend the app with more interactive practices to support other mindfulness exercises in addition to
distancing from thoughts. For 5.1% of respondents, the interactive practice should also offer background
music or ambient sounds.

Finally, other suggestions concerned the possibility to receive reminders to use the app (6.8%) or usage
statistics (5.1%).

2.5.6 Discussion
2.5.6.1 Demographics and Usage Data

The data collected by the app point out that 2997 out of the 3979 users who downloaded the app accepted to
take part into the study. This loss of potential participants (24.7%) could be explained by the fact that users
are not accustomed to participate in a study by downloading and using research apps (Ferreira et al., 2012)
and, in our case, they had no option to opt-out from the study but quitting the app after reading the “Ac-
cept” screen. The fact that these participants downloaded and run the app suggests that they were interested
in trying it. However, when informed that trying the app required to participate in a study and that their
questionnaire and usage data was going to be sent to the researchers, they changed their mind. The percent-
age of users who accepted the conditions (75.3%) is in line with a previous study that employed research
in the large and adopted the same mechanism to ask for user consent (Henze et al., 2011a), obtaining an
acceptance rate of 81.3%. Other studies report varying percentages; acceptance was 87.6% in (Henze et al.,
2011b), while it was 25.8% in (McMillan et al., 2010). The low acceptance rate of (McMillan et al., 2010)
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could be due to the fact that their app collected also users’ location data, suggesting that the more potential
participants feel researchers are able to access their personal data, the more they are likely to change their
mind about trying the app.

Most users who accepted the conditions of the study answered also the initial questionnaire and the
first mindfulness questionnaire. The few who did not answer such questionnaires (106 users abandoned the
initial questionnaire, and 74 abandoned the first mindfulness questionnaire) could have become concerned
about disclosing such personal data or not interested in assessing their level of mindfulness, finding it
tedious to complete the corresponding 11-items questionnaire.

Focusing our attention on the 2997 participants who accepted the conditions to take part in the study,
there are four things interesting to note. First, 41.3% of them answered the first mindfulness questionnaire,
but never used the interactive practice and did not answer the second mindfulness questionnaire. Such
users could have changed their mind soon after answering the first mindfulness questionnaire or expected a
different content from the app.

Second, only 12.9% answered also the mindfulness questionnaire after two weeks, and only 4.9% an-
swered also the same questionnaire after four weeks. Although this percentage is small, it is in line with
previous research in the large conducted over a 4-weeks period (Sahami Shirazi et al., 2011), in which
only 5.0% of participants answered the questionnaire at the end of the study. Evidence of the fact that re-
search apps are used only for a short period of time, and thus longer studies see large dropout percentages,
emerges also from other studies that employed research in the large, e.g. (Ferreira et al., 2012; Henze et al.,
2011a; Miluzzo et al., 2010). As suggested by Miluzzo et al. (2010), this could due to the fact that users
are not accustomed to use research apps and need to perceive they are receiving clear benefits from using
them, otherwise they use such apps rarely or for a short period of time. Moreover, according to recent
market research (Consumer Health Information Corporation, 2011), 26% of health apps in on-line stores
are downloaded and used only once, and 74% of health app users drop out by the 10th app use.

In our specific case, those who practiced with the app but dropped out might have expected to obtain
immediate benefits in their everyday life. Unfortunately, mindfulness and decentering require time and
regular practice to be developed and enhanced (Kabat-Zinn, 1990, 2003).

Third, restricting attention to participants who answered the second and third mindfulness questionnaire,
respectively 38 (3.1%) and 11 (0.9%) of those participants never practiced with the app. Such participants
could have been willing to practice but never found the time to do it. Alternatively, they could have been
caught up in the general tendency of people to escape or avoid contact with their internal experience, such
as thoughts or worries (Kabat-Zinn, 1990, 2005). This could have led them to procrastinate the practice of
distancing from thoughts, and once they reached the end of the study, they could have been only curious to
see the new app features we promised to unlock.

Finally, only 2.2% of participants who accepted the conditions to take part in the study answered also
the qualitative questionnaire. This result confirms the fact that with research in the large it could be difficult
to obtain qualitative feedback from users (Ferreira et al., 2012; Henze et al., 2011a). On a positive side,
most qualitative questionnaires we received from participants who practiced with the app (i.e., 59 out of 62)
were carefully answered and useful to the research.

The previously cited considerations on the brief use of health and research apps are confirmed by the
usage data collected in our study. Indeed, the majority of participants used the interactive practice for a
total number of days that ranged from 1 to 6 (see Figure 2.27), and the number of active participants per
day shows a quick drop after the first 4 days (see Figure 2.26). The sudden peak in the number of active
participants toward the 15th day of the study is likely due to the notification on the 14th day with which the
app asked participants to answer the second mindfulness questionnaire, which could have attracted attention
towards the app, prompting them to use it. This suggests that notifications might contribute to make the app
more used by some participants, as remarked also by some respondents to the qualitative questionnaire.

The analysis of when participants’ practiced during the day pointed out that a high number of sessions
(44.9%) occurred during evening hours, from 18:00 to 00:59 (see Figure 2.25). According to mindfulness
teachers, e.g. (Gunaratana, 2002; Kabat-Zinn, 1990), a good time to meditate is during moments of relative
peace and quiet, as it requires a sustained attention. Thus, although the app gave no instructions about when
to use it, many participants could have naturally found that the evening was a peaceful and quiet moment
for them to practice thought distancing with the app. Moreover, this result is in line with the qualitative
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long-term study of AEON described in Section 2.4.

The collected data about device language (Table 2.9) highlights that AEON was used by participants on
devices with 16 different languages. Although one cannot know for sure that the language participants set
in their smartphone is their mother language, this result suggests anyway that AEON was used by people
from different cultural contexts, thus increasing the external validity of the study (Henze and Pielot, 2013).

Finally, the app was used by devices with 17 different screen resolutions. Also this factor relates to the
ecological validity of the study (Cramer et al., 2010): unlike a laboratory evaluation in which all participants
use the app with the same device that is not theirs, in this research in the large the app was used in more
naturalistic settings that included the participants’ own mobile device.

2.5.6.2 Decentering

The analysis of mindfulness questionnaire data points out that participants’ level of decentering increased
during the study, and that the level of decentering was higher for experienced meditators than for naive
meditators.

The difference between naive and experienced meditators is quite predictable: experienced meditators
are likely to have already cultivated a good level of decentering before using the app. Indeed, as pointed
out by Shapiro et al. (2006), if an objective shift in perspective toward the internal and external experience
normally occurs in individuals’ development and growth across the lifespan, i.e. a basic level of decen-
tering, a regular mindfulness practice continues and accelerates this shift, thus resulting in higher levels of
decentering. Our result is also consistent with previous studies that compared individuals with different
meditation experience, e.g. (Lykins and Baer, 2009).

The analysis of decentering over time in our study showed that for naive meditators the level of decen-
tering significantly increased after two and four weeks of app use with respect to the beginning of the study,
and also between two and four weeks. A possible explanation of this result is the fact that AEON provides
users with an external visualization of their thoughts and of their disappearing. Such visualization could
have helped naive meditators develop the ability to see their thoughts as external and temporary objects
rather than inherent aspects of the self or as reflections of reality. This perspective on the internal experi-
ence, also referred to as reperceiving or metacognitive awareness, is fundamental to cultivate a decentering
state (Shapiro et al., 2006; Teasdale et al., 2002; Wells, 2006).

For experienced meditators, the post-hoc analysis did not point out any statistically significant differ-
ences in level of decentering across the three assessment points. With their previous practice of mindfulness
techniques, experienced meditators could have already developed the ability of distancing from thoughts.
Moreover, if their previous practice was regular, they could also have developed mindfulness at the trait
level (Carmody and Baer, 2008), i.e. the capacity of being mindful in their everyday life (Thompson and
Waltz, 2007). As any trait-like quality, trait mindfulness tends to be stable over time (Brown et al., 2007).
However, it is interesting to note that the trend in the level of decentering over time shown in Figure 2.28
is positive also for experienced meditators. Therefore, the pessimistic scenario of a detrimental effect on
experienced meditators that we had considered as a possibility in Section 2.5.1 was not found to occur.

Overall, these results suggest that the use of AEON can help people, and in particular naive meditators,
increase their level of decentering. Moreover, considering that the majority of participants did not practice
with the app very frequently, these results might suggest that also a short use of the app can be beneficial to
users. Even practicing for a few sessions could have been sufficient for evoking in participants a reflection
on the transitory nature of their thoughts. This seems to emerge from the answers provided by respondents
to the qualitative questionnaire. Indeed, most of them pointed out that by using AEON they related to their
thoughts differently. In particular, some of them explicitly pointed out that the app helped them distance
themselves from their thoughts or feelings, including the negative ones. Some participants highlighted also
that the app was useful to see their worries as external objects, while others said that AEON helped them
not to react in response to their thoughts. For some participants, the app was also useful to be more mindful
or aware of their thoughts or in general.
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However, we cannot exclude that other factors, different from the interactive practice, contributed to the
obtained result. In particular, we should consider that the version of AEON in the study did not provide
users only with the interactive practice (as the original AEON did), but included also the mindfulness ques-
tionnaire they had to answer three times during the 4 weeks to assess the decentering variable. One could
hypothesize that the questionnaire items might also have encouraged in participants a reflection on the na-
ture of their thoughts and contributed to change their perspective on them. To explore this consideration,
we analyzed data of the 11 participants (8 naive and 3 experienced meditators) that had to be excluded from
the study because they never practiced, Although the small number of participants in the two groups does
not allow us to carry out the statistical analyses performed in the study, the trend for these participants looks
positive (see Figure 2.29). This suggests that the possible role of the questionnaire is worth investigating
further, for example by assigning some users to a version of the app that only allows them to answer the
mindfulness questionnaire during the first 4 weeks and makes the interactive practice available only at the
end of the fourth week. In any case, the extension of the original AEON app with a mindfulness question-
naire feature could be an option of interest to users.

Figure 2.29: Mean level of decentering of the 11 (8 naive, 3 experienced) excluded participants (capped
bars indicate ±1SE).

Another limitation of the current study, shared with other research in the large studies, is the lack of
control on how participants use the app, which can possibly threaten internal validity of the study. However,
according to Henze and Pielot (2013) the larger the sample of the study, the more individual differences and
contextual factors could be factored out.

2.5.6.3 Qualitative Feedback

In addition to the effectiveness of the app (see previous Section), the feedback provided by participants
points out that for the majority of them using the app elicited positive feelings, with relaxation and well-
being as the most common ones. Other than the mindfulness practice, a possible factor that could have
contributed to this result is the fact that passive or active interactions with nature or natural elements on a
computer, e.g. looking at images of nature on a computer screen or exploring a natural 3D environment,
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can have a restorative effect on people, including stress reduction, relaxation and an overall restoration in
energy and well-being, see e.g. (Bates and Marquit, 2011; Berman et al., 2008; Valtchanov et al., 2010).
In our case, the interactive practice lets users directly interact with a simulated natural element and see the
effect of their actions on it. Another factor that could have contributed to this result is that participants
directly acted on the visualization of their thoughts and made them virtually disappear, which could have
provided a relieving effect, as pointed out by a few participants.

These considerations could also explain the fact that a high number of participants found the app beau-
tiful. Indeed, the visual stimuli offered by the water simulation could have been perceived as aesthetically
pleasant.
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3
Design and Evaluation of Mobile Health

Apps for Neurological Assessment

In the second case study, we focus on the Personal Health and Wellness category (see Section 1.1.2).
Among all the possible health behaviors and conditions in this category, we considered a neurological
aspect of health, i.e. motor control, which is the process by which people use their neuromuscular system
to coordinate and perform motor skills. It is crucial for regulating motion, balance, stability, coordination,
and our interaction with the world (Rosenbaum, 2009; Wise and Shadmehr, 2002). Studies in the literature
have shown that motor performance changes across the life span, i.e. it becomes better from childhood to
young adulthood and then worsen with aging (Leversen et al., 2012; Seidler et al., 2010).

Traditionally, neurologists have used paper-and-pencil tests, e.g. the Trail Making (Reitan, 1958) and
the Spiral Drawing (Bain and Findley, 1993) test, or special hardware, e.g. a button or a musical keyboard,
to assess patients’ motor skills or impairments. Recently, the advent of touchscreen-based mobile devices
such as smartphones and tablets offers neurologists new, cheaper and more precise methods to carry out
motor tests. In addition, mobile devices could allow their users to easily perform these motor tests anywhere
without the need of going to a hospital or lab. However, the only two approaches based on mobile devices
that has been proposed in the literature, i.e. (Surangsrirat and Thanawattano, 2012; Westin et al., 2010b),
specifically target Parkinson patients and require participants to carry out the motor tests with a stylus pen.
Thus, their use is restricted to clinical settings, a specific medical condition, and to stylus-operated mobile
devices. On the other hand, implementing motor tests into a mobile app and exploiting the possibilities
offered by research in the large make it possible to turn millions of existing mobile devices into assessment
and data collection tools.

For this case study, we developed a mobile app (MotorBrain) for the two major mobile platforms (An-
droid and iOS) that implements computerized versions of the Trail Making and Finger-Tapping Tests and
offers users a preliminary assessment of their motor performance. For these reasons, according to the clas-
sification based on the PPM model (see Section 1.1.1), the app is an enabling and reinforcing app. In
particular, we designed the interface of MotorBrain to make it usable by different kinds of patients as well
as healthy individuals and let them interact more naturally and directly with the tests by using the index
finger. Moreover, we employed gamification to turn the motor tests into simple games with the aim of
attracting a large number of users. Indeed, by exploiting research in the large, the app can send the acquired
motor skills data to a remote server, allowing us to build a normative database of individual motor skills
data, a goal that is currently difficult and costly to accomplish. Such data can be used for a more detailed
analysis of the aging of the population’s motor performance. In particular, the analysis can be useful for
investigating the physiological aspects that are involved in motor control aging, which have been identified
only recently (Cicerale et al., 2014). Finally, the collected data offers neurologists the possibility to study
how individuals learn and improve a new motor skill over time. Such information can be used in the diag-
nosis of movement disorders and rehabilitation process of a pathological motor function. In this way, our
proposed app significantly extends the population that can be assessed, makes it much easier for users to
perform motor tests even without the presence of a clinician, increases the number of opportunities and the
contexts in which they can assess their motor skills, and supports additional purposes other than individual
assessment, in particular neurological studies and motor functions rehabilitation.
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This chapter is organized as follow: Section 3.1 briefly surveys the methods traditionally used for
assessing motor performance and the approaches that employed gamification for large-scale data collection.
Section 3.2 presents the first prototype we developed of MotorBrain and Section 3.3 describes the qualitative
lab study that we carried out to evaluate users’ experience with the app. Section 3.4 illustrates the second
prototype of MotorBrain that we developed taking into account the results of the qualitative study. Finally,
Section 3.5 reports the quantitative pilot study we conducted to assess whether the data collected by the app
can be meaningful for studying human motor performance.

3.1 Related Work

3.1.1 Motor Performance Assessments
Paper-and-pencil tests, such as the Trail Making (Reitan, 1958) and the Spiral Drawing (Bain and Findley,
1993) test, are a traditional method that neurologists use to assess patients’ motor skills or impairments.
The Trail Making Test requires subjects to connect several targets in a predefined order without taking off
the pencil from the sheet. Subjects have to be as fast and accurate as possible in finding and connecting
the targets. The Spiral Drawing Test requires instead individuals to draw a spiral from the center with
increasingly larger radius. The spiral is then compared to a set of previously rated spirals displaying varying
degrees of motor impairments.

Other methods rely instead on special hardware to record users movements. For example, the Finger
Tapping Test (Collyer et al., 1994) is a motor test in which subjects have to tap with a finger over a stimulus,
e.g. a button or a musical keyboard, following a predefined pace. Subjects have to match the rate of tapping
responses to the rate of the pacer stimulus.

The advent of technologies such as digitizing tablets or touchscreens offered neurologists new, cheaper
and more precise methods to carry out the above mentioned and other motor tests. Indeed, by connecting
these devices to a computer, data about patients’ motor skills can be automatically acquired and analyzed,
see e.g. (Hubel et al., 2013; Miralles et al., 2006; Pullman, 1998; Rabuffetti et al., 2002; Saunders-Pullman
et al., 2008; Tippett and Sergio, 2006). Now, these possibilities can be further extended by possibly exploit-
ing touchscreen-based mobile devices such as smartphones and tablets, which might allow their users to
easily perform motor tests anywhere without the need of going to a hospital or lab. The computational ca-
pabilities of current smartphones would also allow to process the collected motor skills data and to provide
users with an assessment of their motor performance.

A tablet version of the Spiral Drawing Test has been proposed by Surangsrirat and Thanawattano
(Surangsrirat and Thanawattano, 2012) on the Android platform, while the Java-based app for Windows
Mobile PDAs developed by Westin et al. (Westin et al., 2010b) included also the Finger Tapping Test.
However, both mobile apps specifically target Parkinson patients. Moreover, they require participants to
carry out the motor tests with a stylus pen. Thus, their use is restricted to clinical settings, a specific
medical condition, and to stylus-operated mobile devices.

3.1.2 Gamification for Large-Scale Data Collection
Gamification refers to “the use of game design elements in non-game contexts” (Deterding et al., 2011),
and in recent years it has been used in several scientific domains for collecting large amount of data.

The first examples of such use of gamification may be traced back to the so-called “Games With A
Purpose” (GWAP), i.e. “games in which the players perform a useful computation as a side effect of
enjoyable game play” (von Ahn and Dabbish, 2008). Basically, these games are on-line crowdsourcing
systems, i.e. systems that enlist a crowd of users to help solve a problem defined by the system owners
(Doan et al., 2011). They use gamification to turn simple tasks into games in order to attract a large number
of users. Thus, by letting users play and advance through levels as in entertainment games, they collect data
to help accomplish tasks that computers are unable to perform, or that would be much more difficult, time
consuming, and in some cases nearly impossible for a lone person or for a small group of individuals to
perform (von Ahn and Dabbish, 2008).
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The first GWAP was the ESPGame (von Ahn and Dabbish, 2004), i.e. a web-based computer game
in which pairs of players challenge each other in guessing the label that explains the content of an image.
In this way, by offering an enjoyable experience to users, the ESPGame was able to collect useful data to
assign meaningful labels to a large number of images, a task impossible to be carried out automatically by
a computer. Other web-based GWAP have been proposed for different purposes in the field of artificial in-
telligence, e.g. for sound tagging (von Ahn and Dabbish, 2008), building databases of common-consensus
knowledge (von Ahn et al., 2006; Orkin and Roy, 2007; Speer et al., 2009) or building and refining ontolo-
gies (Siorpaes and Hepp, 2008).

In addition to the above mentioned tasks, GWAP have been successfully employed also for solving diffi-
cult scientific problems in the fields of biology and medicine (Good and Su, 2011, 2013; Schrope, 2013). In
these contexts, GWAP have also been referred to as “Games With A Scientific Purpose” (GWASP) (Good
and Su, 2011). For example, data collected by GWASP was found to be useful for predicting protein struc-
tures, e.g. FoldIt (Cooper et al., 2010), improving the accuracy of the multiple sequence alignment problem,
e.g. Phylo (Kawrykow et al., 2012), or counting malaria parasites in thick blood smears, e.g. MalariaSpot
(Luengo-Oroz et al., 2012).

Finally, GWASP have been used in the field of cognitive science. For example, Dufau et al. (2011)
employed a mobile game for a psycholinguistics task. They point out that the app was useful to collect
normative data on reading skills across countries, which could be used to assist in the diagnosis and reme-
diation of reading impairments. In a very recent study, Stafford and Dewar (2014) describe a web-based
game, i.e. Axon, which tests rapid perception, decision-making and response actions. They point out that
the large dataset collected by the game allowed them to test theories of human skill acquisition.

3.2 First Prototype of MotorBrain
The first prototype of MotorBrain contains a total of seven gamified tests that we designed by collaborating
with an expert neurophysiologist of the Department of Neurology of the university hospital of Udine. The
tests are accessed from a main menu (Figure 3.1). Users can play a game by first tapping on the correspond-
ing menu item and then by choosing the hand with which to play. Users can return to the main menu after
each game session.
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Figure 3.1: Main menu screen of the first prototype of MotorBrain.
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3.2.1 The Games
In each gamified test, the screen is divided vertically in two equal parts: the lower one contains the controls
that allow users to play the game, while the upper one shows game animations. For each test, the application
checks the pixel density of the device display and adapts the resolution of the controls to play the game to
make sure they are displayed with the same size across different smartphone models.

In each test, users can play with the index finger of their right or left hand (hereinafter, playing finger).
In the following, we describe in detail how each motor test has been gamified. The games referred to as
BOXA, BOXS, BALL and STAMP are gamifications of Trail Making Tests, while the games BATTERY1,
BATTERY2 and ALARMS are gamifications of Finger-Tapping Tests:

Figure 3.2: BOXA game.

• Box - Accuracy (BOXA). The lower part of the screen contains a circle of 2 cm in diameter, while
the upper part initially shows a box on the left attached to a crane suspended over water and a target
platform on the right (see Figure 3.2). To play the game, users have to move their playing finger over
the entire perimeter of the circle (clockwise or counterclockwise) once and without ever lifting it. The
direction of movement is indicated by the game based on whether users are playing with their right
or left hand respectively. When the player moves the playing finger over the perimeter of the circle
(within a 0.25 mm threshold on both side of the perimeter) in the right direction, the crane shifts the
box to the right and a pulley sound is played. Otherwise, if the player moves the finger outside the
perimeter or moves it in the wrong direction, the crane stops moving. The game ends when the player
has covered a distance equal to the full perimeter of the circle, considering his/her movements over
any location of the playing area, or lift the playing finger for more than 0.15 s. In both cases, the box
falls down. Thus, the goal of the user is to be as accurate as possible in moving the playing finger
over the perimeter of the circle to have the box fall over the base.
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Figure 3.3: BOXS game.

• Box - Speed (BOXS). The graphics of this game are the same as the BOXA game, but the way the
crane is controlled by the player is different. Players have to follow the entire perimeter of the circle
with their playing finger (within a 0.50 mm threshold on both side of the perimeter) as many times
as possible over a 30-second interval to move the crane (a minimum of 40 turns over the perimeter is
necessary to reach the platform). The remaining time is indicated by a chronometer shown in the left
part of the screen (see Figure 3.3) and four time-ticking sounds are played during the last 5 seconds.
When time expires, a gong sound is played and the box falls, ending the game. As in BOXA, the box
falls also when players lift the playing finger for more than 0.15 s.

• Balloon (BALL). The lower part of the screen contains a 4.5 cm sloping line (see Figure 3.4) that
goes from the bottom-left to the middle-right border of the screen (if the user is playing with the right
hand) or from the bottom-right to the middle-left border (if the user is playing with the left hand).
The upper part of the screen shows instead a deflated balloon attached to a pump. The balloon inflates
only when players move their playing finger over the line (within a 0.25 mm threshold on both sides
of the line), from the bottom end to the upper end and back for 10 times. Each time they reach one of
the endpoints an inflating sound is played. When players have covered a distance equal to 10 times
the length of the line, considering their movements over any location of the playing area, or lift the
playing finger for more than 0.15 s, an animation shows either the balloon flying out of the screen (if
it has been sufficiently inflated) or deflating, and a related sound is played. In both cases, the game
ends. The goal of the user is to be as accurate as possible in moving the finger over the line to let the
balloon fly. Moreover, (s)he is also told at the beginning of the game to be fast.
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Figure 3.4: BALL game.
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Figure 3.5: STAMP game.

• Stamp (STAMP). The lower part of the screen contains a square with 2 cm sides, while the upper
part shows the back of a postage stamp and an envelope placed over a table in the background (see
Figure 3.5). To play the game, users have to move their playing finger over the perimeter of the square
(within a 0.25 mm threshold on both side of the perimeter) once, without ever lifting it. As in BOXA,
the direction of movement depends on the hand with which the user is playing. Moving the playing
finger on the perimeter of the square in the right direction has the effect of applying glue on the back
part of the stamp and a related sound effect is played. When players have covered a distance equal to
the full perimeter of the square, considering their movements over any location of the playing area, or
lift the playing finger for more than 0.15 s, an animation shows the stamp rolling over and leaning on
the envelope. Then, if enough glue has been applied, the animation shows a postmark being printed
on the stamp, which is in this way attached to the envelope. Otherwise, a blow of wind makes the
stamp fly away and go out of screen. In both cases, related sounds are played and the game ends.
Thus, the goal of the user is to be as accurate as possible in moving the playing finger over the square
to attach the stamp to the envelope.

• Battery - 1 (BATTERY1). The upper part of the screen shows a battery and a light bulb, while the
lower part shows two round buttons of 1.4 cm in diameter, which are aligned vertically (see Figure
3.6). Only one button is enabled at a time, highlighted by a black viewfinder on a white background.
Otherwise, a dark brown background is shown. Players have to tap with the playing finger on the
highlighted button. As a feedback, a red circle is shown where the player has tapped on the screen
and a clicking sound is played if (s)he has tapped the button. Tapping a highlighted button moves
the highlight to the other button and, at the same time, increases the charge of the battery by a small
amount that progressively lights up the bulb. Thus, the goal of the player is to tap on as many
highlighted buttons as possible in order to fully charge the battery and completely light up the bulb
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Figure 3.6: BATTERY1 game.

over a 20 seconds interval (a minimum of 38 correct taps is necessary to fully charge the battery).
As in BOXS, remaining time is indicated by a chronometer shown in the upper part of the screen.
Moreover, players are also told at the beginning of the game to accurately tap on the center of the
highlighted button.

• Battery - 2 (BATTERY2). The upper part of the screen is the same as BATTERY1, but the lower
part alternatively displays two pairs of buttons, one in a higher and one in a lower position (see
Figures 3.7a and 3.7b). All buttons are displayed as those in BATTERY1, and only one at a time is
highlighted. Unlike BATTERY1, tapping a highlighted button in one pair moves the highlight to a
randomly selected button in the other pair. Unlike the other games, this one requires users to play
with two fingers. Indeed, if users are playing with their right hand, they have to tap with the index
finger on the highlighted button that appears on the left, while they have to tap with the middle finger
on the highlighted button that appears on the right (or vice versa, if they are playing with the left
hand). As in BATTERY1, players’ goal is to tap on as many highlighted buttons as possible in 20
seconds and to be accurate at the same time (a minimum of 25 correct taps is necessary to fully charge
the battery).
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(a) (b)

Figure 3.7: BATTERY2 game. (a) Higher pair of buttons; (b) Lower pair of buttons.
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Figure 3.8: ALARMS game.

• Alarms (ALARMS). The upper part of the screen shows four alarm clocks placed over a table (see
Figure 3.8), while the lower part contains four buttons, one for each alarm clock, displayed as in
BATTERY1 and BATTERY2. Only one button at a time can be highlighted and tapping a highlighted
button moves the highlight to another (randomly selected) one. When a button is highlighted, the
corresponding alarm clock visibly shakes and a ring sound is played. Thus, the goal of the user is to
tap on as many highlighted buttons as possible with the playing finger to turn off the highest number
of alarm clocks over a 20 seconds interval. Moreover, players are also told to be accurate by tapping
on the center of each highlighted button.

3.2.2 Game Tutorials
When players choose a game in the main menu for the first time, they are presented with a tutorial that
explains the game goals and the actions required to play. Each tutorial is organized in three screens (see
two full examples in Figures 3.9 and 3.10). Users can freely navigate back and forth through the screens.
They can exit the tutorial by pressing the “Next” button on the third screen.
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(a) (b) (c)

Figure 3.9: Tutorial of the BALL game. (a) First screen; (b) Second screen; (c) Third screen.

(a) (b) (c)

Figure 3.10: Tutorial of the BATTERY2 game. (a) First screen; (b) Second screen; (c) Third screen.



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

3.2. First Prototype of MotorBrain 85

At the end of any tutorial, the “Hand choice” screen is showed, and the user has to select the playing
hand or can start the tutorial again (see Figure 3.11). This screen is always shown by the app when the user
chooses a game from the main menu, also when the tutorial is not automatically shown because the user
has already played before that game.

Figure 3.11: “Hand choice” screen in the BALL game.
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After players have chosen their playing hand, the app shows a screen that asks them to place the index
finger of the other hand (hereinafter, non-playing finger and non-playing hand) in the bottom-left corner of
the screen (if the user is playing with the right hand) or in the bottom-right corner (if the user is playing
with the left hand). A colored semicircle is displayed in these areas (hereinafter, corner areas) while an
arrow points to them (see Figure 3.12 for two examples). The position of the corner areas is the same for all
games except BALL, in which they are placed close to the middle-right or middle-left border of the screen
(see Figure 3.4 and Figure 3.12a).

(a) (b)

Figure 3.12: Asking players to place the non-playing finger in the corner area for the games (a) BALL and
(b) BATTERY2.

Only after the user has placed the non-playing finger in the corresponding corner area, the game controls
appear in the lower part of the screen, e.g. the square in STAMP or the buttons in ALARMS, and the timer
in BOXS, BATTERY1, BATTERY2 and ALARMS starts. Players have to keep the non-playing finger in
the corner area throughout the game. On the contrary, if they lift or move away the non-playing finger from
the corner area for more than 1 second, the game ends.

The reason for asking users to place the non-playing finger in the corner area is to prevent the collection
of unreliable data. Indeed, since the app will be used by people in their everyday environments, and it is
not possible to control how they will actually interact with it (Henze et al., 2011a), this game requirement
encourages them to adopt a more stable and controlled posture to play, e.g. placing the phone over a table.
Moreover, since some of the proposed gamified motor tests (BATTERY1, BATTERY2 and ALARMS)
could be more easily played by using the index fingers of both hands at the same time, this requirement can
also prevent users from cheating to obtain a higher score.
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3.2.3 Game Scores
When a game ends, the app shows the “Score” screen and two buttons, one to play again and one to go back
to the main menu (see Figure 3.13 for two examples).

(a) (b)

Figure 3.13: “Score” screen of the games (a) BALL and (b) BATTERY2.

The displayed scores are the following:

• time spent (BOXA, BALL, STAMP): number of seconds the user spent to play the game;

• accuracy (BOXA, BALL, STAMP): distance covered by the user with the playing finger over the
perimeter of the circle in BOXA, over the line in BALL or over the perimeter of the square in STAMP.
This score is expressed in percentage with respect to the target distance, i.e. length of perimeter of
the circle in BOXA, 10 times the length of the line in BALL and length of perimeter of the square in
STAMP;

• number of turns (BOXS): total number of times the user followed the full perimeter of the circle in
the BOXS game. This number can be at most 40;

• reaction time (BATTERY1, BATTERY2, ALARMS): mean of the reaction times, i.e. time elapsed
between the appearance of a highlighted button and tapping. This score is expressed in seconds;

• charge level (BATTERY1, BATTERY2): total level of charge of the battery in percentage, which
corresponds to the number of correct taps made by the user with respect to a maximum of 38 or 25
taps in the BATTERY1 and BATTERY2 games respectively;

• points (BATTERY1, BATTERY2, ALARMS): total points obtained by the player when tapping on
highlighted buttons: 5 points are given for a tap on the center area of the viewfinder, 2 points on the
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middle area or 1 point on the remaining button area. No penalties are applied when users tap outside
the highlighted button area.

All raw data required to determine users’ score, i.e. time-stamped pairs of coordinates, are automati-
cally recorded by the app and sent to a server in a secure way at the end of each game.

The app was developed using the Unity game engine (Unity Technologies, 2013) because it supports
development for the major mobile platforms, such as Android and iOS, increasing access to the games by a
wide sample of users.

The aim of MotorBrain is to collect a large amount of data for building a database of human motor
performance. To this purpose, we employed gamification for making traditional motor tests attractive and
pleasant to execute for users. However, given the novelty of applying gamification in this context, we first
wanted to assess the feasibility of our proposed approach. Then, we wanted to investigate whether the data
collected by the app can be effectively used for describing the aging of the population’s motor performance.
To this purposes, we carried out two evaluations of the app before releasing it in app stores. In particular, we
first conducted a qualitative lab study for investigating users’ experience with the app. Then, we developed
a second prototype of the app considering the problems that emerged from such evaluation. Finally, we
carried out a quantitative pilot study for analyzing the data collected by the app.

The following sections describe: (i) the qualitative pilot study with the first prototype of MotorBrain
(Section 3.3), (ii) the second prototype of the app that we developed (Section 3.4), and (iii) the quantitative
pilot study with such prototype (Section 3.5).

3.3 Qualitative Lab Study
The goal of the qualitative lab study was to evaluate users’ experience with MotorBrain. Participants were
asked to play MotorBrain in a laboratory setting. Then, they were asked to answer a set of open-ended
questions in writing.

3.3.1 Participants
The evaluation involved a sample of 13 participants (11 M, 2 F) recruited among undergraduate human-
computer interaction students in return for course credit. The age of participants ranged from 21 to 26
(M = 22.08,SD = 1.50). Twelve participants were right-handed and one of them was left-handed. On a
self-report scale ranging from 1 (low familiarity) to 7 (high familiarity), participants reported to be very
familiar with mobile devices (M = 5.69,SD = 1.25).

3.3.2 Materials and Apparatus
MotorBrain was run on a Samsung Galaxy S III with Android 4.3, featuring a 4.8”, 720×1280 pixel touch
screen. During usage, the device was in portrait mode and placed over a mat on a 72 cm-high table. Partic-
ipants were seated on a 44 cm-high chair in front of the table.

Before using the app, users filled a short demographic questionnaire (age, sex, dominant hand and fa-
miliarity with mobile devices).

The post-play questionnaire for the qualitative study contained:

• for each game, a brief summary and a picture of the game, followed by an open-ended question
that asked participants to freely express their opinions on that game. As a partial list of possible
non-mandatory examples, the question mentioned highlighting its strengths and weaknesses, if it was
easy or difficult to play with it, if the animation in the upper part of the screen was distracting and
what they thought about placing the non-playing finger in the corner area;
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• two final open-ended questions which asked participants to point out any suggestion for improvement
(for specific games or for the app in general) and to express any other comment on those topics not
covered by the previous questions.

3.3.3 Procedure

Participants were individually taken to a quiet room, briefed about the nature of the experiment, and asked
to fill out the demographic questionnaire.

Then they were asked to play with each game six times: three times with their dominant hand and three
times with their non-dominant hand. The order of presentation of the games was varied for each participant.

To provide participants with ample time to fully write all their thoughts, a 10-days limit was given
to return the questionnaires. Finally, they were thanked for their participation. Overall, carrying out the
procedure took about 35 min per participant.

3.3.4 Data Analysis

All participants returned the qualitative questionnaire. We employed thematic analysis to identify and
organize common and salient themes that emerged from participants’ responses. To do so, we followed the
procedure described in (Braun and Clarke, 2006), adopting an inductive approach as no assumptions were
made prior to analysis on the themes that might emerge. For the analysis, the two authors of this thesis
first read and re-read the answers to familiarize with the data. Then, we coded emerging features within the
dataset and collated data relevant to each code. As a successive step, we combined all the identified codes
into potential themes, gathering all data relevant to each potential theme. When a theme was particularly
large or complex, it was divided into one or more sub-themes. Then, we checked if the themes and sub-
themes were meaningful in relation to the coded extracts and to the entire data set. Finally, we refined each
theme and sub-theme, assigning them clear definitions and names.

We reviewed themes and sub-themes following an iterative process that ended when we reached agree-
ment. Then, to assess their validity, we involved an external independent coder. To this purpose, we
followed (DeCuir-Gunby et al., 2011) to create a codebook in which the codes were the themes and sub-
themes pointed out by the thematic analysis. For each code, we provided a label, a full definition, i.e. an
extensive definition that provides inclusion and exclusion criteria, and an example extracted from the data
set. The coder was briefly introduced to the app and was told that he could assign two or more codes to the
same fragment of text. Moreover, as the coding process was carried out with a Computer Assisted Quali-
tative Data Analysis Software (CAQDAS), the independent coder was instructed to use a specific tool, i.e.
Coding Analysis Toolkit (CAT) (Texifter, 2007), an open-source web-based CADQAS. In total, there were
two coders in the system, as we counted as one.

3.3.5 Results

We analyzed the coded dataset using Fleiss’ kappa (Fleiss, 1971) to assess the level of agreement between
coders. Results pointed out an overall kappa coefficient of .65, which indicates substantial agreement
(Landis and Koch, 1977).

In the following, we present the results of the thematic analysis, organizing them into the four identified
topic areas: (i) “Graphics”, which contains the themes that concern participants’ comments on the graphics
or animations of the games, (ii) “Game features”, which contains the themes related to participants’ ex-
perience with the games, (iii) “Ergonomic aspects”, which contains the themes that describe participants’
comments on the actions and posture required to play, and (iv) “Suggestions”, which contains the themes
that concern participants’ suggestions for improvement.

In the following sections, we describe each theme providing sample extracts from the interviews. In the
extracts, the parts in square brackets are words or phrases added to clarify the meaning of the sentence.



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

90 3. Design and Evaluation of Mobile Health Apps for Neurological Assessment

3.3.5.1 Graphics

Table 3.1 summarizes the themes that belong to the “Graphics” topic area. For each theme, the table
indicates the games to which the theme applies.

Table 3.1: Themes of the topic area “Graphics”. The last column indicates the games to which each theme
applies.

Theme Sub-theme Description Games
Beauty and intu-
itiveness of the
graphics

Remarks about the beauty and intuitive-
ness of the graphics and animations of the
games.

Beautiful and in-
tuitive graphics

The graphics and animations of a specific
game are beautiful and intuitive. In some
cases, they help players to concentrate dur-
ing the game.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Not beautiful
or not intuitive
graphics

The graphics and animations of a specific
game are not beautiful or not intuitive.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Chronometer as-
pects

Remarks about the chronometer included
in some of the games.

Useful chronome-
ter

The chronometer is useful to check the
available time.

BOXS

Confusing
chronometer

The chronometer is not clear and some-
times confusing.

BOXS, BAT-
TERY1,
BATTERY2,
ALARMS

Animation as-
pects

Remarks about the animations displayed in
the upper part of the screen.

Useful animation The animation in the upper part of the
screen of a specific game is useful to the
purpose of the game.

BOXA,
BOXS,
BALL,
STAMP

Animation does
not attract atten-
tion

The animation in the upper part of the
screen of a specific game does not attract
participants’ attention when they are play-
ing.

BOXA,
BOXS, BAT-
TERY1,
BATTERY2,
ALARMS

Distracting
animation

The animation in the upper part of the
screen of a specific game distracts partic-
ipants when they are playing.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS
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The majority of participants provided comments on the graphics of all the games. Nine of them pointed
out positive aspects, which referred to their simplicity, intuitiveness, and the fact that it helped them to
remain concentrated during the game. On the contrary, six participants reported that the graphics of a
specific game were not beautiful and that it could be improved.
Participants considered also to the animations in the upper part of the screen. In particular, for five of them,
the animation of the BOXA, BOXS, BALL and STAMP games was beautiful and a useful reference for
achieving the goal required by the game, for example:

A glance at the box could be useful to be sure of having placed it above the target platform. Thus,
looking at the animation helps to reach the goal. - P10 - BOXA
Similarly:

Thanks to the animation, the user can immediately figure out if he has reached the goal, without waiting
for the screen with the scores [. . .] - P4 - BALL
On the contrary, seven participants pointed out that the animation of the games was a source of distraction
that worsened their performance. For example:

My peripheral vision was continuously distracted by the battery. - P3 - BATTERY1, BATTERY2
Similarly:

I was often distracted by the inflating balloon, because I was interested to see at which point of the
game I was. For this reason, I looked away from what was my goal and as a consequence I did not move
the finger accurately over the line. - P6 - BALL
For eight participants, the animation of a specific game did not attract attention. For example:

In this case, as the game was a test of speed, the box did not distract me because I could just concentrate
on the circle and move the finger very fast around it. - P11 - BOXS
In particular, some of these participants explicitly referred to the scarce usefulness of the upper part of the
screen, as P2:

My concentration was totally focused on the lower part of the screen to obtain a better accuracy, mak-
ing the animation unnecessary. - ALARMS
Finally, three participants provided comments on the chronometer used by some games to indicate remain-
ing time. For two of them, i.e. P4 and P8, the chronometer was very useful to indicate the passing of
time and the last available seconds in the BOXS game. However, P8 highlighted also that the first times he
played with this game it was unclear to him whether the chronometer hand would make another turn at the
end of the first one. Instead, P10 pointed out that he did not understand the purpose of the red part of the
chronometer, which indicates the last available seconds (Figure 3.3):

It was not clear whether the red zone in the chronometer was an alert for the time that was passing,
or a zone in which the chronometer hand would never go. In this last case, looking at the clock diverts
one’s attention from the buttons, causing loss of precious time and concentration. - BOXS, BATTERY1,
BATTERY2
This participant highlighted also that in the ALARMS game it was difficult to clearly see the chronometer,
as it is placed among the four alarm clocks.

3.3.5.2 Game Features

Table 3.2 summarizes the themes and sub-themes that belong to the topic area “Game features”. For each
theme and sub-theme, the table indicates the games to which they apply.
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Table 3.2: Themes and sub-themes of the topic area “Game features”. The last column indicates the games
to which each theme or sub-theme applies.

Theme Sub-theme Description Games
Easy and intuitive
game

A specific game is intuitive and it is easy to
reach its goal.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Very clear tuto-
rial

A specific game is easy and intuitive thanks
to its introductory tutorial.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Unclear game be-
havior and pur-
pose

The behavior and the purpose of a specific
game are unclear.

BOXA,
BALL,
BATERY1,
BATTERY2

Unclear tutorial A specific game has unclear behavior and
purpose due to its introductory tutorial,
which does not give correct or most appro-
priate information.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Difficult game Participants find difficult to reach the goal
of a specific game.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Difficult to com-
bine accuracy
and speed

A specific game is difficult due to the fact
that it requires participants to be both ac-
curate and fast.

BOXS,
BALL, BAT-
TERY1,
BATTERY2,
ALARMS

Compelling and
entertaining
game

Participants find playing with a specific
game compelling and entertaining.

BOXS, BAT-
TERY1,
BATTERY2,
ALARMS

Boring game Participants find playing with a specific
game boring and not enjoyable.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY2
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Table 3.2: Themes and sub-themes of the topic area “Game features”. The last column indicates the games
to which each theme or sub-theme applies.

Theme Sub-theme Description Games
Too simple game A specific game is boring because it is too

simple to accomplish its goal.
BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Repetitive game A specific game is boring because it re-
quires repetitive actions to play.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1

Scores Aspects regarding the games’ scores.
Consistent scores The score of a specific game is consistent

with players’ performance.
BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Inconsistent
scores

The score of a specific game is inconsistent
with players’ performance.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Sounds Aspects regarding the games’ sounds.
Useful sounds The sounds of a specific game are useful to

help participants achieving the goal.
BOXA,
ALARMS

Sounds elicit neg-
ative feelings

The sounds of a specific game elicit nega-
tive feelings in participants.

BATTERY2,
ALARMS

No appropriate
feedback

A specific game does not provide appropri-
ate feedback on participants’ performance
or errors.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Possibility of
cheating

Participants point out the possibility of
cheating with the BATTERY2 game.

BATTERY2

Participants provided opposite opinions on several game features, i.e. intuitiveness and difficulty of the
games, engagement, scores and sounds. Considering intuitiveness, nine participants pointed out that the
games were intuitive to play and that they found it easy to accomplish their goal. Four of these participants
revealed that the easiness of the games was due to their introductory tutorial that clearly explained the game
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instructions.
On the contrary, 10 participants highlighted that the purpose and the behavior of specific games were

unclear and that it was difficult to achieve the goal of the game. For example, considering the purpose of
the games, P8 said:

I had difficulties to understand what to do in this game [. . .] I found the required movement not
intuitive. - BALL
Considering the overall behavior of the games, P3 pointed out:

Initially, due to the past experience with the BOXS game, I did not think that I had to move the finger
over the perimeter only once to reach the goal. I haven’t understood when the box falls yet. - BOXA
In particular, for eight of these 10 participants a specific game has unclear behavior and purpose due to its
introductory tutorial, which does not give correct or most appropriate information. For example (see Figure
3.9 for the BALL tutorial):

I found it difficult to play the game. Indeed, by following the explanations of the tutorial, I continued to
fail in reaching the goal. I did not understand why, despite the six times I played. It would be necessary to
revise the tutorial. - P12 - BALL
Similarly (see Figure 10 for the BATTERY2 tutorial):

The tutorial did not explain in a very clear way how to play. - P1 - BATTERY2
Considering the difficulty to achieve the goal of the games, five participants mentioned the actions required
to play, for example:

I found it difficult to keep the finger over the line correctly. Most of the times, this stopped the pump
before the balloon was fully inflated. - P5 - BALL
Some of these participants referred instead to the size of the controls with which they could interact with
the game:

The circle was too small [2 cm of diameter] considering the overall screen, making it more difficult to
reach the goal of the game. - P2 - BOXA, BOXS
Similarly, P11 pointed out:

I found it difficult to accurately tap over a button that has the size [1.4 cm of diameter] of my fingertip.
- BATTERY1, BATTERY2, ALARMS
Moreover, five of these seven participants also reported that the difficulty of the games BOXS, BALL,
BATTERY1, BATTERY2 and ALARMS was due to the fact that they had to be fast and accurate at the
same time, as the former requirement affected the latter. For example:

This game is more difficult than BOXA. The fact that also the speed is important affects a lot the accu-
racy. It is not easy to move the finger over the circle accurately and quickly at the same time, especially
with my non-dominant hand. P10 - BOXS
Similarly:

I tried to be as fast as possible in tapping the buttons without trying to be accurate at the same time,
because I thought it was an impossible goal. Indeed, although I slowed down a little bit and tried to tap
exactly on the center of the button, I still had difficulties in obtaining a good accuracy. P2 - BATTERY1,
BATTERY2, ALARMS

The comments related to engagement reveal that all participants found the games BOXS, BATTERY1,
BATTERY2 and ALARMS, fun and entertaining. Their main reasons were the games’ temporal limit or, in
the case of BATTERY2 and ALARMS, the randomness with which the buttons appeared.
On the contrary, eight participants said that the game was boring, for example P11:

I did not enjoy this game. I would find a more realistic situation to increase the interest toward the
game. - BATTERY2
For six of these eight participants, boredom was due to the fact that it was too simple to achieve the goal
and that the games did not provide challenges with an increasing level of difficulty. For example, P9 said:

The level of the challenge does not seem particularly compelling and inflating the balloon seems more
a “job” than a game. Moreover, the action required is not so complex. - BALL
Similarly:

I find the game boring because I always win and the level of difficulty does not increase. - P3 - BOXA
For seven of these eight participants, the games (except BATTERY2 and ALARMS) were boring because
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they required repetitive actions to play and the game that suffered most from this problem was BATTERY1.
For example, P8 pointed out:

Very boring and predictable. The appearance pattern of the buttons is so simple that it took me 2-3
seconds to realize that after tapping on the left button, the right one appeared.

Considering the aspects related to the scores, three participants highlighted that they were consistent
with their performance with the game, while seven participants had an opposite opinion. More specifically,
four of these seven participants said that the number of turns displayed in the “Score” screen of the BOXS
game was always 40 (this was the number of turns necessary to make the crane reach the target platform).
One participant (P3) pointed also out that he was disappointed because the errors he made in the games
BATTERY1 and ALARMS were not taken into account for the final scores (if the player tapped outside
the highlighted button no points were subtracted to the score). Finally, P13 highlighted instead that, as he
tried each game more times, he found it difficult to memorize all the scores and to compare the performance
between the two hands. Thus, he suggested to display the scores inside each game and to include in the app
a screen that summarizes all the scores for each game.

Taking into account participants’ comments on the sounds, for three of them the sounds in BOXA and
ALARMS were helpful to concentrate during the game, while for other three participants the sounds in
BATTERY2 and ALARMS elicited anxiety. For one of these participants, the sounds had a negative impact
on the accuracy:

The alarm clock sound elicited in me a bit of anxiety. Thus I did not try to accurately tap on the button,
but I tried to turn off the alarm clock as fast as possible, without looking at the center of the button. - P4 -
ALARMS

Finally, other gaming aspects that emerged from participants’ comments were related to the feedback
provided by the games, as for four of participants it did not accurately reflect their performance or their er-
rors, and, especially for BATTERY2, the possibility to cheat, as four participants pointed out the possibility
to use only one finger. Two of these participants considered this a weakness.

3.3.5.3 Ergonomic Aspects

Table 3.3 summarizes the themes that belong to the topic area “Ergonomic aspects”. For each theme, the
table indicates the games to which they apply.

Table 3.3: Themes of the topic area “Ergonomic aspects”. The last column indicates the games to which
each theme applies.

Theme Sub-theme Description Games
Corner area Aspects regarding the corner area.

Useful corner
area

Placing the non-playing finger in the cor-
ner area is a useful action to avoid cheating
or moving the smartphone when playing.

BOXA,
BOXS,
BALL,
BATERY,
BATTERY2,
ALARMS

Uncomfortable
corner area

Placing the non-playing finger in the cor-
ner area can be a hindrance to play the
game and uncomfortable when the smart-
phone is not on a table.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS
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Table 3.3: Themes of the topic area “Ergonomic aspects”. The last column indicates the games to which
each theme applies.

Theme Sub-theme Description Games
Useless corner
area

Participants do not understand the purpose
of placing the non-playing finger in the
corner area.

BOXA,
BOXS,
BALL,
STAMP

Playing actions Aspects regarding the actions required to
play the games.

The playing
actions high-
light differences
between the
dominant and
non-dominant
hand

The actions required to play the games are
useful to notice differences between the
dominant and non-dominant hand.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Appropriate play-
ing actions

The actions required to play the games are
appropriate to reach the goal.

BOXA,
BOXS,
BALL, BAT-
TERY1,
BATTERY2

Problematic
playing actions

The actions required to play the games
could cause problems or are inappropriate
to reach the goal.

BOXS,
STAMP

Unsynchronized
playing actions

The actions required to play the game are
not well synchronized with the animation
in the upper part of the screen.

BOXA,
BOXS

Almost all participants provided comments on the placement of the non-playing finger in the corner
area. In particular, seven participants pointed out that it is a useful action to avoid cheating, for example:

[. . .] it is not a hindrance to play, rather, it prevents cheating. - P12 - BOXA
P13 highlighted that it is useful to prevent the smartphone to move:

[. . .] it allows [the smartphone] to have more stability. - P13 - BOXS
Interestingly, P11 said that this action was useful for not wasting seconds in the games that have a timer,
i.e. BOXS, BATTERY1, BATTERY2, ALARMS (in these games, the timer starts when players put the
non-playing finger in the corner area).

However, participants provided also negative opinions. Indeed, for 10 of them placing of the non-
playing finger in the corner area was uncomfortable. The main reason was that it forces to place the smart-
phone over a table in order to play, as pointed out by P7:

As in BOXA, the requirement of using both hands to play is a problem, as it forces the user to put the
smartphone on a table, which is not always available. - BOXS
Other participants referred instead to the fact that it was a cause of distraction during the game, i.e. for P4,
or a hindrance to the movements of the other hand, i.e. for P5 and P6.

Finally, three participants pointed out their skepticism on this action, as they did not understand its
motivation in the games BOXA, BOXS, BALL and STAMP, for example:

I’m still not convinced of the usefulness of placing the index finger in the corner [of the screen]. - P3 -
STAMP
Participants provided comments also on the gestures required to play the games. Interestingly, two par-
ticipants said that these gestures were useful for highlighting the differences between their dominant and
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non-dominant hand. For example, P1 pointed out:
This was the funniest game. It combines business with pleasure, as it involves the user and at the same

time it allows to assess the different performance of the right and left hand. Ð ALARMS
For five participants, these gestures were appropriate to reach the goals of the games. For example, P13
said:

The direction of the movement changes with the hand. This feature makes it possible to carry out the
task optimally. - BOXS
Considering the BATTERY1 game, P10 said:

The alternation of the allowed the fingers to move very fast, as it was possible to predict and anticipate
the next movement. This helps a lot in performing the task quickly.

However, three participants provided contrary opinions, in particular for the gestures required to play
the BOXS game. Indeed, they pointed out that moving the finger quickly around the circle was troublesome
due to the friction of their fingertip with the screen, or because they moved the smartphone. One of these
participants, i.e. P9, pointed also out that the touchscreen is not appropriate for the accuracy task of the
STAMP game.

Finally, P1 highlighted that the gestures in the BOXA and BOXS games were unsynchronized with the
animation in the upper part of the screen.

3.3.5.4 Suggestions

Table 3.4 summarizes the themes that belong to the topic area “Suggestions”. For each theme, the table
indicates the games to which they apply.

Table 3.4: Themes of the topic area “Suggestions”. The last column indicates the games to which each
theme applies.

Theme Description Games
New challenges To make the games more compelling,

participants suggest to include new chal-
lenges.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Increase playing area Participants suggest to increase the area of
the screen devoted to play.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Improve graphics Participants suggest to improve the graph-
ics of the games or of some of their ele-
ments.

BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

98 3. Design and Evaluation of Mobile Health Apps for Neurological Assessment

Table 3.4: Themes of the topic area “Suggestions”. The last column indicates the games to which each
theme applies.

Theme Description Games
Change gestures Participants suggest to change the gestures

required to play.
BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Other Other suggestions. BOXA,
BOXS,
BALL,
STAMP,
BATTERY1,
BATTERY2,
ALARMS

Participants provided different suggestions to improve the games. Seven participants suggested the in-
troduction of new challenges into the games, possibly with increasing levels of difficulty. For example, P7
suggested introducing the timer also in the BALL game together with the requirement of inflating as much
balloons as possible when advancing in the game levels, while P12 suggested making the buttons appear
faster in the BATTERY2 and ALARMS games. P4 and P9 suggested moving the position of the buttons
inside the playing area in these games and in BATTERY1. Finally, P9 and P3 suggested introducing a
leaderboard into the app.

Another suggestion, given by five participants, concerned the extension of the area devoted to play, i.e.
the one in the lower part of the screen. One of them suggested making it bigger than the upper one that is
a source of distraction, especially for the BOXA, BOXS and STAMP games. The other four participants
suggested instead to have a unique area on the screen, by making the upper one bigger. Indeed, they would
have preferred to interact directly with the animations. For example, P11 said:

I would have preferred moving the finger directly over the post stamp. - STAMP
Similarly, P4 said:

The ALARMS game would be nicer if it allowed tapping directly on the ringing alarm clock instead of
using the four buttons. - ALARMS
P7 provided this suggestion for the BATTERY1 and BATTERY2 games.

Four participants suggested changing the gestures required to play and three of them suggested playing
with the thumbs. Instead, P11 suggested using both hands at the same time. In his opinion, this solution
could improve users’ performance and game enjoyment.

Other suggestions regarded the graphics of the game, as four participants suggested changing the back-
ground images or colors. One of these participant suggested also changing the animation of the BALL
game, making the balloon breaking instead of deflating. Finally, two participants (P10 and P11) suggested
organizing the main menu in a different way, for example placing similar games together. P11 suggested
also using calming music in the games that require users to be accurate, and a more lively music in the
games that require users to be fast.
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3.3.6 Discussion and Design Opportunities
3.3.6.1 Graphics

Although participants provided positive comments on the pleasantness of the graphics in general and the
animations in the upper part of the screen, they highlighted also negative aspects. In particular, for seven
participants the animations were a source of distraction, due to their too vivid colors, size and movements,
which affected the accuracy with which they carried out the required tasks. Considering the main goal of
our application, i.e. the collection of accurate motor skills data to be used in scientific neurological studies,
we gave more relevance to such opinions provided by users. More specifically, we have realized that ani-
mations of interactive objects on which the user can act only indirectly (or not at all) can be problematic.
Indeed, while such objects may serve important aesthetic and entertainment functions, they can interfere
with the main goal of the application. In general, when applying gamification to collect motor skills data,
designers should thus carefully evaluate the introduction in the experience of such interactive objects that
support only indirect interaction. Extending the part devoted to direct user interaction to the entire screen
could instead help users be better focused on the actions they have to perform, which could improve their
accuracy in this kind of tests, and thus also the quality of the data collected (in the following, Design Op-
portunity 1).

The analysis pointed out also opposite opinions regarding the chronometer used by some games to
indicate remaining time. Indeed, while for two participants it was very useful, for other two participants
it was not clear and sometimes confusing. In general, when applying gamification to motor tests that
require to be completed within a predefined amount of time, it is crucial to adopt clear and unambiguous
methods to indicate the available time, such as a bar whose length decreases to show remaining time (Design
Opportunity 2).

3.3.6.2 Game Features

Despite the fact that participants found some games very simple and intuitive to play, also thanks to the
help given by their introductory tutorials, other results revealed that for seven participants some games
were difficult to play and that for 10 of them behavior and purpose of some games were unclear. This last
finding suggests that some of the game mechanics we employed to turn neurological motor tests into games,
e.g. tapping on buttons to charge a battery or moving the finger over a line to inflate a balloon, were not the
most appropriate to offer clear and understandable games’ behaviors and goals. Instead, they could have
altered users’ perception of the motor tests’ goals, making them appear as not intuitive. In general, when
applying gamification for motor skills data acquisition, the gamification strategy should be more focused on
the motor performance evaluated by the tests, such as accuracy and/or reaction time (Design Opportunity
3).

In addition to these considerations, another factor that could have contributed to make the behavior and
goals of the games unclear is the fact that for eight participants, the tutorials did not provide the most ap-
propriate information about the actions they had to perform or the goals of the game. Since the tutorials
actually explained all the game details across their three screens, a possible explanation of this finding could
be that participants read them too quickly (as some of them admitted to have done) and thus skipped the
information necessary to understand each game. Moreover, some of these participants pointed out that in
the BOXA and STAMP games they thought they had to perform the required movement more than once.
This could be due to the fact that the tutorial of each game included an animation loop which repeatedly
showed the movements required by the game. In general, this result suggests that, in the context of motor
skills data acquisition, simple and short tutorials should better focus the player on the specific aspects (such
as speed and/or accuracy) on which user’s performance will be evaluated by the gamified motor test. Short
words describing those specific aspects could be written prominently in the user interface of the tutorial and
then kept in the game as reminders (Design Opportunity 4).

Although participants found the games that involve a temporal limit compelling and entertaining, the
analysis pointed also out that eight participants found these and other games boring. In particular, they
said it was too simple to achieve the goal of the game or that the gameplay became repetitive after initial
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learning. This could be due to the fact that the games did not provide challenges with an increasing level
of difficulty. In general, levels are a powerful tool to engage users and without them players may lose
interest in the game because they have no measurable sense of progress (Lindley et al., 2008; Zichermann
and Cunningham, 2011).

However, it must be noted that the neurological motor tests that were gamified by the games do not
involve a sense of progression per se. In general, when gamification is applied to turn motor skill tasks
into games, another organization of the games and their decomposition into simpler ones could be taken
into consideration. For example, as the BOXS game could be seen as a more difficult version of the BOXA
game, the overall experience could be organized in such a way that BOXS could be a more advanced level
of BOXA that could be played only after successfully completing BOXA. Considering instead the BALL
game that requires users to be accurate and fast at the same time, the game could be decomposed into sim-
pler levels: players could be asked to be first accurate only, then, if they successfully complete the accuracy
level, they could be asked to be fast only, and, after completing the speed level they could be asked to be
fast and accurate at the same time. This decomposition and different organization of the games could give
users a sense of progression and thus increase their involvement with the games (Design Opportunity 5).

The analysis revealed also that seven participants believed that the final scores did not reflect their
performance with the specific game. In particular, they perceived some of the scores as meaningless, as
they reported always the same result when the game was completed, e.g. 40 turns in the BOXS score,
or 100% battery charge in the BATTERY1 and BATTERY2 games. This can be due to the fact that the
score given to the player is not representative enough of the motor skill performance obtained, but is more
an indication of percentage level of game completion. Moreover, one can also consider that scores were
confined to each game. Thus, by not providing a global score system, users did not receive feedback on the
global progress of their game skills (Werbach and Hunter, 2012). In general, when gamification is applied
to turn motor skill tests into games, clear scoring of user’s motor skills should be provided inside each
game as well as in the context of a global scoring system that aggregates scores of the individual levels into
a whole picture. A visualization of the global scoring system could help users gain a better perception of
their progression (Design Opportunity 6).

3.3.6.3 Ergonomic Aspects

Although for seven participants placing the non-playing finger in the corner area was useful to avoid cheat-
ing or moving the smartphone when playing, results pointed out also that it was an uncomfortable require-
ment for 10 participants. The main reported reason was that this forces to place the smartphone over a
table in order to play, which is unpractical in many everyday situations. Moreover, for some of them, it was
a cause of distraction during the game, as the non-playing hand was in their visual field, or a hindrance,
as it limited the movements of the playing hand. Finally, three participants pointed out that they did not
understand its motivation. In addition, from our direct observation of the participants playing, it came out
that eight of them did not understand this requirement the first time they played a game: they placed instead
the playing finger in the corner area and thus were not able to play the game.

As described in Section 3.2.2, this requirement was introduced as a mechanism to constrain all users
to adopt the same type of posture while playing and to prevent them from cheating by using both hands
(which would make the collected motor data unreliable). However, the fact that for participants it was an
uncomfortable requirement indicates that restricting too much the way users can interact with the games
could not reflect the way they typically want to play. In the worst case, participants could be temped to
adopt other postures to play, e.g. by placing the thumb of the non-playing hand in the corner area and
holding the device with the other four fingers, that could make the device not completely stable and thus
lower the quality of data collected.

In general, this highlights a tradeoff between extending the opportunities and the contexts in which
users can play and collecting high-quality motor skills data. The solution that received the above mentioned
users’ criticism gave priority to data quality. A more flexible solution could be considered, by letting users
keep the smartphone with the entire non-playing hand (this will make it unlikely to use that hand as a sec-
ond hand for playing) while analyzing in real-time device accelerometer data to check whether users are
handling it inside a given range of acceptable pitch and yaw angles. The game could start only when users



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

3.4. Second Prototype of MotorBrain 101

are inside the acceptable range and the device could detect if they change significantly their position while
playing, discarding data from unreliable game sessions. Overall, this solution could let users play also if
they do not keep the phone on a table, possibly obtaining more game session recordings, while at the same
time checking if possible changes in user’s position during gameplay could make data unreliable (Design
Opportunity 7).

The analysis also pointed out that for three participants the actions required by the BOXS game were
troublesome, due to the friction with the screen of the fingertips or because they moved the smartphone.
A possible solution to reduce the friction could be to limit the speed needed to carry out the task, by not
requiring a minimum number of turns over a time interval (Design Opportunity 8). In addition, letting users
handle the smartphone with their non-playing hand as we proposed above may also help in limiting the
movements of the device when the users are playing and thus contribute to solve the issues faced by the
three participants.

3.4 Second Prototype of MotorBrain

The study described in the previous section pointed out that participants perceived the gamified motor tests
as pleasant, simple and entertaining to play. However, results revealed also negative aspects. We focused
on the most important problems that emerged from the study, since they point out issues that could interfere
with the main purpose of MotorBrain, i.e. the collection of useful motor skill data. Moreover, together
with the domain expert, we preliminary evaluated the data collected by the app to assess weather it can be
meaningful to evaluate users’ motor skills. As a result, we decided to discard the motor test gamified by
the BATTERY2 game, since the collected data contained a lot of noise. This could be probably due to the
fact that most users used the two fingers required to play, i.e. index and medium, at the same time instead
of one at a time, as we observed.

We then focused on the remaining six games and developed a second prototype of MotorBrain consider-
ing the design opportunities we outline in Section 3.3.6. In particular, we removed those interactive objects
that supported only indirect interaction and extended the part devoted to user interaction to the entire screen
(Design Opportunity 1). Given the greater amount of space that was available in this way, we increased
the size of the graphic elements on which the user interacts to perform the motor tests. In particular, we
modified the BALL game by adding other lines to form a path.

Moreover, we revised the gamification strategy for better challenging users to reach their best level
of accuracy and/or speed and/or reaction time over three trials (Design Opportunity 3) and provide users
with a global display of their performance after completing all trials of a test (Design Opportunity 6). We
removed also the minimum number of actions required to reach the goal in BOXS and BATTERY (Design
Opportunity 8), while we added the timer in the motor test gamified by the BALL game. To make all games
clearer to understand, we revised the games’ tutorials, highlighted their goals in the user interface (Design
Opportunity 4) and changed the method to indicate the available time in those tests that have a temporal
limit, i.e. BOXS, BATTERY1 and ALARMS, (Design Opportunity 2).

Finally, partially following Design Opportunity 7, we removed the constraint of placing the index finger
of the non-playing hand in the corner area, thus allowing users to adopt a more flexible posture to play, i.e.
by keeping the smartphone with the non-playing hand instead of being forced to place it on a table.

The second prototype of MotorBrain contains six motor tests, each one assessing one or two among
the following variables: (i) accuracy, (ii) speed, (iii) reaction time. Tests are chosen from a main menu
together with the hand for which the assessment is carried out (Figure 3.14). Since we removed most of the
game elements from the tests, we changed also their name. The gamified motor tests that were referred to as
BOXA, BOXS, BALL, STAMP, BATTERY1 and ALARMS are now referred to as CIRCLE-A, CIRCLE-S,
BOX, PATH, TAPPING2 and TAPPING4.

Each gamified motor test requires three repetitions of a task to produce an assessment. Once users have
completed the three trials, the app displays an assessment of motor performance concerning the test and the
hand used.
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Figure 3.14: Main menu screen of the second prototype of MotorBrain.

3.4.1 Screen Organization
In all motor tests, the screen is organized in three parts: (i) the upper one indicates the motor performance
variable(s) that will be assessed, (ii) the central one (hereinafter, task area) contains the graphic elements
on which the user will perform the task, and (iii) the lower one indicates the number of completed trials
for the current test. For each test, the application checks the pixel density and the resolution of the device
display and scales the graphical elements on which to perform the task to make sure they are displayed with
the same size regardless of the mobile device used. Users are asked to perform each test with the index
finger of the assessed hand.

3.4.2 The Gamified Motor Tests
In the following, we describe in detail each test (the assessed variables are reported between brackets):

• CIRCLE-A (accuracy): The task area contains a colored ring with a thickness of 0.5 cm, and a
diameter of 4 cm for the outer circle (Figure 3.15). Users have to move their index finger inside
the ring, following it in all its length once and without ever lifting the finger. The starting point and
the direction of movement depends on the chosen hand. For the right (left) hand, the starting point
is located 30◦ on the left (right) with respect to the center of the ring and the movement must be
performed in the clockwise (counterclockwise) direction. When the user moves the finger inside the
ring in the right direction for the chosen hand, a white trace is shown as feedback. Otherwise, if the
user moves the finger outside the ring or moves it in the wrong direction, a grey trace is shown. A
trial ends when the player has covered a distance equal to the mean between the perimeter of the
outer and inner circle of the ring, considering his/her movements over any location of the task area,
or lifted the finger from the screen for more than 0.15 s.
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Figure 3.15: CIRCLE-A game.

• CIRCLE-S (accuracy, speed): The graphic elements of this test are the same of CIRCLE-A, but
the thickness of the ring is larger, i.e. 0.7cm. Users have to move the index finger inside the ring
following its entire length as many times as possible over a 10-second interval. The timer starts when
the user touches the starting point and time remaining is indicated by a decreasing bar showed in the
upper part of the task area (Figure 3.16). A trial ends when time expires or when users lift the finger
for more than 0.15 s.
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Figure 3.16: CIRCLE-S game.
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Figure 3.17: SQUARE game.

• SQUARE (accuracy): The task area contains a colored frame with a thickness of 0.5 cm, and outer
square with 4 cm sides (Figure 3.18). Users have to move their index finger inside the frame, follow-
ing its entire length once and without ever lifting the finger. As in CIRCLE-A, the starting point and
the direction of movement depend on the chosen hand, i.e. upper left vertex of the frame and clock-
wise direction for the right hand and upper right vertex of the frame and counterclockwise direction
for the left hand. Moreover, a white or grey trace is shown as feedback. A trial ends when users lift
the finger for more than 0.15 s or when they have covered a distance equal to the mean between the
perimeter of the outer and inner square, considering their movements over any location of the task
area.

• PATH (accuracy, speed): The task area contains a colored path formed by four connected sloping
lines that have a thickness of 0.5 cm (Figure 22). The length of each line is 3.72 cm and the angle
between a line and the next one is 19.8◦. The path starts from the upper-left part of the task area (if
the user is performing the test with the right hand) or from the upper-right part (left hand). Users
have to move the index finger from the start to the end of the path as fast as possible over a 5-second
interval. The timer starts when the user touches the starting point and time remaining is displayed as
in CIRCLE-S. A trial ends when time expires, when users lift the finger for more than 0.15 s or when
they have covered a distance equal to the path, considering their movements over any location of the
task area.
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Figure 3.18: PATH game.



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

3.4. Second Prototype of MotorBrain 107

Figure 3.19: TAPPING2 game.

• TAPPING2 (accuracy, reaction time): The task area contains two round buttons, 1.6 cm in diameter,
vertically aligned (Figure 3.19). Only one button is enabled at any time, and is highlighted by a
black viewfinder on a colored background. The viewfinder consists of three concentric circles that
divide the button area in three parts: central, middle and external. Otherwise, when a button is not
highlighted, it is displayed in light grey. Users have to tap the highlighted button (within a 0.2 cm
margin) with the index finger. A black circle is shown as a feedback where the player has tapped on
the screen. Tapping an highlighted button moves the highlight to the other button and users have to
tap on as many highlighted buttons as possible over a 15 seconds interval. The button that will be
initially highlighted depends on the hand chosen by the user to perform the test: left button for the
right hand and right button for the left hand. The timer starts when the user tap on the first highlighted
button and time remaining is indicated as in CIRCLE-S. Users are told at the beginning of the test to
accurately tap on the center of the highlighted button.

• TAPPING4 (accuracy, reaction time): The task area shows four buttons displayed as in TAPPING2
(Figure 24). At any time, only one button is highlighted and tapping an highlighted button moves the
highlight to another (randomly selected) one. Unlike TAPPING2, also the initial highlighted button is
randomly selected, regardless of the chosen hand. Users have to tap on as many highlighted buttons as
possible over a 15 seconds interval. Moreover, users are told at the beginning of the test to accurately
tap the center of each highlighted button.
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Figure 3.20: TAPPING4 game.
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3.4.3 Test Tutorials
When users choose a motor test in the main menu, they are presented with a tutorial that explains, through
short texts and an animation, the actions required to perform the task and the variables that will be assessed
(see Figure 3.21 for an example).

(a) (b) (c)

Figure 3.21: Tutorial of the CIRCLE-S test. (a) Start of the animation, illustrating with a fade-in hand the
action required to start the test; (b) the animation shows the hand performing the movement required to
carry out the task until the available time (indicated by the green bar) expires (c) end of the animation with
fading-out of the hand.

3.4.4 Assessed Variables and Data Collection
When a motor test ends, the app shows the “Assessment” screen and two buttons, one to perform the test
again and one to go back to the main menu (see Figure 3.22).

Considering single trials, the assessed variables are defined as follows:

• accuracy (CIRCLE-A, CIRCLE-S, SQUARE, PATH, TAPPING2, TAPPING4): distance covered by
the user with the index finger over the colored ring in CIRCLE-A and CIRCLE-S, over the colored
frame in SQUARE and over the colored path in PATH, expressed in percentage with respect to the
target distance, i.e. length of the mean between the perimeter of the outer and inner circle of the
ring in CIRCLE-A and CIRCLE-S, length of the mean between the perimeter of the outer and inner
square of the frame in SQUARE and length of the path in PATH.

In TAPPING2 and TAPPING4, accuracy is calculated by adding 5 points for each tap on the center
area of the viewfinder, 2 points for each tap on the middle area and 1 point for each tap on the external
area;

• reaction time (TAPPING2, TAPPING4): mean of the reaction times (in seconds), i.e. time elapsed
between the appearance of a highlighted button and tapping, during the trial;

• speed (PATH, CIRCLE-S): number of seconds the user spent to perform the trial in PATH; number
of times the user was able to follow the ring entirely in CIRCLE-S.
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Figure 3.22: Assessment of user’s performance displayed after completing the three trials
of the CIRCLE-S test.

For each test, the displayed assessments are the means of the variables assessed in each trial. For
TAPPING2 and TAPPING4, mean accuracy is expressed in percentage with respect to the ideal situation in
which the user always taps on the center area of each highlighted button in each trial.

All data required to determine these assessments is automatically recorded by the app with an event-
driven sampling: each time the user touches the screen or changes finger position on the screen, the coordi-
nates in pixels and the timestamp of the event are automatically saved. In the CIRCLE-S test, the sampling
is reduced by one event out of two: since the user has to perform the required movements several times,
the app collected a huge amount of data but only half of it was found necessary to calculate the displayed
assessment.

The app collects also some device specifications, such as screen resolution and density, and the coordi-
nates in pixels of the graphical elements in the task area. All this data is then sent to a server in a secure
way at the end of each test. This information is necessary to reconstruct and analyze the test trial off-line.
In particular, for each trial, we calculate the following variables:

• Movement Time (MT) (CIRCLE-A, CIRCLE-S, SQUARE, PATH): number of seconds the user spent
to perform a trial in CIRCLE-A, SQUARE and PATH; number of times the user was able to follow
the ring entirely in CIRCLE-S;

• Shape Accuracy (SA) (CIRCLE-A, CIRCLE-S, SQUARE, PATH, TAPPING2, TAPPING4): for
CIRCE-A, CIRCLE-S, SQUARE and PATH, this variable is the same as accuracy defined before
but not expressed in percentage. For TAPPING2 and TAPPING4, this variable is the total number of
points obtained by the user;

• Reaction Time (RT) (TAPPING2, TAPPING4): this variable is the same as reaction time defined
before.
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Then, considering all the three trials of a test, a bidimensional graph (Movement Graph) is generated

off-line to show all user’s trajectories of movement inside the test area (CIRCLE-A, CIRCLE-S, SQUARE,

PATH), as well as their means. For TAPPING2 and TAPPING4 this graph contains all the points where the

user tapped on the screen (see Figure 3.23 for two examples).

(a) (b)

Figure 3.23: Movement Graph for the PATH (a) and TAPPING2 tests (b). The black shapes represent

the graphic elements on which the user performed the task, i.e. the path in PATH and the two buttons in

TAPPING2. The green dots indicate all user movements (PATH) or where the user tapped (TAPPING2)

on the screen, considering all three trials of each motor test. Finally, the red dots indicate the mean of the

movements (PATH) or of the tap positions (TAPPING2) over the three trials.

Moreover, all trials are grouped according to the motor test they belong and the preferred hand (right-

handed and left-handed) of the user who performed it. Then, according to users’ age, they are further

divided into two age groups, i.e. a Young group (participants who are less than 50 years old), and an

Old group (participants who are more than 50 years old. For each age group, the following variables

(performance assessments) are calculated, considering separately all trials performed with the right and left

hand (DX and SX):

• means of MT (MMT_DX, MMT_SX) for the CIRCLE-A, CIRCLE-S, SQUARE, and PATH tests;

• means of SA (MSA_DX, MSA_SX) for the CIRCLE-A, CIRCLE-S, SQUARE, PATH, TAPPING2,

and TAPPING4 tests;

• means of RT (MRT_DX, MRT_SX) for the TAPPING2 and TAPPING4 tests.

Similar measures of motor performance have been employed in other literature studies, e.g. (Raw et al.,

2012; Welsh et al., 2007).

3.5 Quantitative Pilot Study
The goal of the quantitative pilot study was to evaluate whether the data collected by the second prototype

of MotorBrain can be effectively used for describing the aging of human motor performance.

3.5.1 Participants
Sixty healthy participants (29 M, 31 F) were recruited through direct contact. All of them were right

handed and they neither reported movement disorders nor suffered from headache or migraine during the



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

112 3. Design and Evaluation of Mobile Health Apps for Neurological Assessment

study. Both the Young and the Old group consisted of 30 participants. The age of the Young group (13 M,
17 F) ranged from 18 to 49 (M = 27.83,SD = 10.05), while the age of the Old group (16 M, 14 F) ranged
from 51 to 74 (M = 59.43,SD = 4.90).

All participants were asked to perform all tests with the index finger of their dominant hand, while
keeping the smartphone with the other hand. The order of the tests was counterbalanced.

3.5.2 Results
Table 3.5 reports the means of performance assessment variables. The table indicates also the results of the
tests we employed to assess the statistical significance of differences between the two groups. In particular,
we employed a t-test when the assessed variables followed a normal distribution. Otherwise, we employed
a Wilcoxon signed-rank test.

Table 3.5: Means of the performance assessment variables for each motor test and age group. The table
indicates also the results of the tests we employed to assess the statistical significance of differences between
the two groups.

Test Variable Young Group Old Group Significance
CIRCLE-A

MMT_DX NT = 94,M =
2.71,SD = 1.31

NT = 122,M =
2.82,SD = 1.674

U = 5504, p =
.61

MSA_DX NT = 94,M =
0.93,SD = 0.134

NT = 122,M =
0.89,SD = 0.15

U = 6893, p <
.05,r = .17

CIRCLE-S
MMT_DX NT = 98,M =

15.03,SD = 6.46
NT = 111,M =
11.99,SD = 4.80

T (207) =
3.82, p <
.001,η2 = .07

MSA_DX NT = 98,M =
0.86,SD = 0.12

NT = 111,M =
0.87,SD = 0.11

U = 5215.5, p =
.61

SQUARE
MMT_DX NT = 96,M =

3.58,SD = 1.37
NT = 111,M =
3.39,SD = 1.35

U = 5872, p =
.21

MSA_DX NT = 96,M =
0.93,SD = 0.10

NT = 111,M =
0.89,SD = 0.13

U = 6522.5, p <
.01,r = .19

PATH
MMT_DX NT = 89,M =

2.52,SD = 0.90
NT = 117,M =
2.43,SD = 0.78

U = 5573, p =
.39

MSA_DX NT = 89,M =
0.89,SD = 0.13

NT = 117,M =
0.90,SD = 0.08

U = 5460, p =
.55

TAPPING2
MRT_DX NT = 90,M =

0.36,SD = 0.17
NT = 108,M =
0.43,SD = 0.23

U = 4061, p <
.05,r = .14

MSA_DX NT = 90,M =
122.98,SD =
36.19

NT = 108,M =
131.56,SD =
55.19

U = 4794.5, p =
.87

NT: Number of trials.
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Table 3.5: Means of the performance assessment variables for each motor test and age group. The table
indicates also the results of the tests we employed to assess the statistical significance of differences between
the two groups.

Test Variable Young Group Old Group Significance

TAPPING4
MRT_DX NT = 83,M =

0.62,SD = 0.11
NT = 111,M =
0.69,SD = 0.12

U = 2605, p <
.001,r = .37

MSA_DX NT = 83,M =
85.83,SD =
16.73

NT = 111,M =
88.36,SD =
22.45

T (192) =
−0.90, p = .37

NT: Number of trials.

3.5.3 Discussion
The analysis of the assessment variables for participants’ dominant hand points out that accuracy was lower
for the Old group than the Young group on those tests that required only accuracy, i.e. CIRCLE-A and
SQUARE. This result could be due to the decline in sensorimotor control and functioning that comes with
aging (Seidler et al., 2010), such as increased variability of movement (Contreras-Vidal et al., 1998). No
differences were instead found for movement time in CIRCLE-A and SQUARE: this can be explained by
the fact that participants were not asked to be fast as done by other tests.

The analysis highlighted also that in those tests that required participants to react and move fast, the Old
group performed worse than the Young one. Indeed, participants in the Old group did fewer turns in the
CIRCLE-S test, while in the TAPPING2 and TAPPING4 tests their reaction time was higher than the Young
group. Interestingly, no differences were found in terms of accuracy between the two groups in the three
above mentioned tests. The increase in movement and reaction time can be seen as a compensatory action
for maintaining accuracy (Seidler et al., 2010). Moreover, other factors that can contribute to such result
are reduced conduction velocity in nerve fibres, reduction of muscle elasticity, increased musculoeskeletal
rigidity (Seidler et al., 2010; Welsh et al., 2007), and age-related changes in the central nervous system that
affects muscles activation and coordination in the initial stages of a movement (Bautmans et al., 2011). that
identified an age-related decline in movement time, reaction time or accuracy with similar tasks (Bautmans
et al., 2011; Welsh et al., 2007; Raw et al., 2012).

PATH was the only test that did not point out any statistically significant difference between the two
groups. However, in this case, the graph that can be generated by the raw data (see Figure 3.23) allows
one to observe interesting characteristics of motor control. For example, inaccuracy of trajectories across
the corners of the path can be useful for highlighting rigidity or slowness when initiating a new movement.
Such characteristics are useful in assessing of movement disorders caused by Parkinson’s disease (Hoehn
and Yahr, 1967), and have been used in (Agostino et al., 1992).

In general, the Movement Graph of all tests can be useful for outlining motor control impairments. For
example, the graph of a subject on a single test trial can be quantitatively compared to predefined templates
of the same test, or qualitatively rated by experts, to identify motor tremors or impairments. Similar analyses
and assessments of a traced shape to identify motor disorders have been carried out in previous literature
studies, e.g. (Surangsrirat and Thanawattano, 2012; Westin et al., 2010a).
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4
Using Research in the Large with an

On-Line Health App for Psychological
Assessment

In the third case study, we focus again on the Mental and Emotional Health category (see Section 1.1.2),
as in Chapter 2. This time, we considered the issue of problematic Internet use (PIU), i.e. a multidimen-
sional syndrome that consists of cognitive, emotional, and behavioral symptoms that result in difficulties
with managing one’s offline life (Caplan, 2005). PIU is attracting increasing interest from the scientific
community, due to the negative outcomes that it could lead to, such as work or school related problems
(Young, 1998b) and social skill deficit (Caplan, 2005; Kraut et al., 1998).

For this case study, we developed an on-line desktop app (Psicoscrigno) that includes a scientifically
evaluated assessment of PIU. According to the classification based on the PPM model (see Section 1.1.1),
Psicoscrigno is a predisposing and reinforcing app. Then, we exploited the possibilities offered by research
in the large (see Section 1.2) to make our app available to a high number of users as well as carry out a
scientific experiment for better describing PIU in terms of personality traits. To this purposes, we published
Psicoscrigno on Facebook and included into it also an assessment of time perspective (TP), i.e. “a relatively
stable individual-differences process” by which individuals partition the flow of human experience into the
distinct temporal categories (or frames) of past, present, and future (Zimbardo et al., 1997; Zimbardo and
Boyd, 1999). To the best of our knowledge, no study so far has investigated the possible relationship be-
tween TP and PIU.

This chapter is organized as follows: Section 4.1 briefly surveys PIU and TP studies and the instruments
we used to assess the two constructs. It also provides an overview on the available health apps that offer an
assessment of PIU. Section 4.2 presents Psicoscrigno and its public release on Facebook. Then, Section 4.3
describes the correlational study we carried out (Chittaro and Vianello, 2013).

4.1 Related Work

4.1.1 Problematic Internet Use

In the literature, different names have been used to refer to ways of using the Internet that lead to negative
outcomes, e.g. Internet addiction (Young, 1998b), Internet abuse (Morahan-Martin, 1999), and problematic
Internet use (Caplan, 2002). The different terms reflect the different conceptualizations that have been given
of PIU. According to the review by Morahan-Martin (2008), despite the different conceptualizations of PIU
in the literature, there is a general agreement that PIU is defined in terms of the negative effects of Internet
use, which can affect an individual’s life. Moreover, researchers agree that PIU involves preoccupation
with using the Internet, compulsive Internet use, subjective feelings of inability to limit use, and using the
Internet to escape or alter negative moods.

As a result of different attempts to conceptualize the PIU construct, a number of measurement scales
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have been developed - see (Laconi et al., 2014) for a review. For Psicoscrigno and for our study we employ
Caplan’s Generalized Problematic Internet Use Scale 2 (GPIUS2) (Caplan, 2010), because it taps all the
aspects mentioned above, which most researchers agree are related to PIU despite the different conceptual-
izations they adopt for PIU.

The GPIUS2 consists of five subscales that tap four constructs. The first subscale concerns Preference
for Online Social Interaction (POSI), which is characterized by beliefs that one is safer, more efficacious,
more confident, and more comfortable with online interpersonal interactions and relationship than with tra-
ditional face-to-face social activities. The second subscale taps Mood Regulation (MR), which emphasizes
the motivation to use the Internet to alleviate distressing feelings. The third and fourth subscales, Cogni-
tive Preoccupation (CP) and Compulsive Internet Use (CIU) focus on Deficient Self-Regulation (DSR). In
particular, CP refers to obsessive thought patterns involving Internet use, while CIU reflects the compulsive
nature of PIU. The fifth subscale taps Negative Outcomes (NO), which reflects the negative outcomes that
are associated with a problematic use of the Internet. The GPIUS2 contains 15 items that ask respondents to
rate their extent of agreement on an 8-point scale (1=“definitely disagree”, 8 = “definitely agree”). Each of
the five subscales contains 3 items. The GPIUS2 scale can be used in two different ways: as a set of separate
subscales or as an overall composite score which reflects the degree of PIU of an individual (Caplan, 2010).
In our study, we consider both the composite score (GPIUS2CS) and the five subscales.

4.1.2 On-Line Health Apps for PIU Assessment
Currently, there are several on-line health apps that offer people an assessment of different mental health
conditions, such as anxiety or depression, see e.g. Mental Health Screening Tools (Mental Health America,
2014) or Project Implicit Mental Health (Project Implicit, 2014). A number of such apps are also fo-
cused on problematic Internet use. In particular, some of them, i.e. Counselling Resource (CounsellingRe-
source.com, 2014), HealthyPlace (HealthyPlace.com, 2014), Netaddiction (The Center for Internet Addic-
tion Recovery, 2014), and Psychology Tools (Psychology-Tools.com, 2014), employ an electronic version
of the Internet Addiction Test (IAT) (Young, 1998a) and report its reference. Such apps can also provide
users with other information on PIU or indicate ranges for interpreting their obtained IAT’s score. The
reason why all of the above mentioned app employ the IAT can be explained by the fact that it was one of
the firsts developed measures of PIU and to date it is the most widely used in the scientific literature - see
(Laconi et al., 2014) for a recent review of PIU assessments.

However, other health apps do not employ any scientifically evaluated instrument for assessing PIU or
do not report any reference for the questionnaire they employ. In particular, two of these apps state that
the questionnaire they offer was developed by a psychological expert, but do not report any reference to its
evaluation, e.g. Psych Central (Psych Central, 2014) and Interactive Quiz (Weinstein and bambooyou.com,
2014). Several other on-line apps do not mention any expert at all but include questionnaires created
by their users, e.g. in AllTheTests.com (AllTheTests.com, 2014) or in GoToQuiz.com (GoToQuiz.com,
2014). Finally, assessments of PIU are also included into newspapers websites, e.g. TheGuardian.com (The
Guardian.com, 2013), or created for fun purposes, e.g. in QuizMeme (serve-you.net, 2014).

Overall, among the high availability of on-line health apps that contain an assessment of PIU, several
of them do not employ a valid and reliable measure of it. In these cases, such apps can provide people with
unreliable information.

4.1.3 Time Perspective
Zimbardo and Boyd (1999) developed a scale to measure TP, the Zimbardo Time Perspective Inventory
(ZTPI), which subdivides the past, present and future temporal frames into five subscales, or subframes. The
Past Negative (PN) subscale reflects a generally negative, aversive view of the past, which may be due to
actual experiences of unpleasant or traumatic events, negative reconstructions of benign events, or to a mix
of both. The Past Positive (PP) subscale reflects a more sentimental and warm view of the past. The Present
Hedonistic (PH) subscale reflects a hedonistic, risk-taking attitude towards time and life. It suggests an
orientation towards present pleasure with little concern for future consequences. The Present Fatalistic (PF)
subscale reflects a fatalistic, helpless, and hopeless attitude towards life. Finally, the Future (F) subscale
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reflects a general future orientation, suggesting that behavior is dominated by a striving for future goals and
rewards. The ZTPI contains 56 items that ask respondents to indicate how characteristic a statement is of
them on a 5-point Likert scale ranging from 1 (very uncharacteristic) to 5 (very characteristic). The PN
subscale is composed by 10 items, PP by 9 items, PF by 9 items, PH by 15 items and F by 13 items. The
score obtained on each subscale is independent of those obtained on the other subscales. A high score on
a subscale reveals a temporal orientation of an individual on that temporal frame, while the overall time
perspective of an individual is defined by the different results obtained on the five subscales.

The ZTPI has been used in the literature to investigate the relationships between TP and other personal-
ity concepts, e.g. some researchers have shown associations between TP and the Big Five personality traits,
i.e. Neuroticism, Extraversion, Conscientiousness, Agreeableness, and Openness to experience (Costa and
McCrae, 1992). The strongest association that emerged was between F and Conscientiousness (Adams and
Nettle, 2009; Dunkel and Weber, 2010; Keough et al., 1999). Other studies have shown that a prevalence
of a particular temporal frame has implications for various aspects of human behavior, see (Drake et al.,
2008) for a review. In the following, we will focus on the relationships that have been found between TP
and problematic human behaviors.

Zimbardo and Boyd (1999) found that a prevalence of PN is correlated with depression, anxiety and
low self-esteem. Moreover, it has been shown that past negative oriented individuals have fewer close
friends (Zimbardo and Boyd, 1999) and are more likely to be in alcohol and drug programmes (Klingeman,
2001) than people with a different time orientation. Present oriented (PH and PF) individuals have been
shown to be less influenced by safe sex practices (Rothspan and Read, 1996) and more likely to engage in
risky driving (Zimbardo et al., 1997), alcohol and drug misuse (Keough et al., 1999) and to suffer chronic
homelessness (Epel et al., 1999). PF is also associated with aggression, anxiety, depression (Zimbardo and
Boyd, 1999), and with avoidant procrastination, while PH is associated with arousal procrastination (Ferrari
and Diazmorales, 2007). Prevalence in both PF and PN frames was shown to discriminate between severe
suicidal ideators and nonideators among high school students (Laghi et al., 2009). As reported in (Drake
et al., 2008), future orientation has been associated with less problematic behaviors. It has, however, been
suggested that an overemphasis on future goals compromises spontaneity resulting in poor ability to switch
off and enjoy the present (Boniwell and Zimbardo, 2004).

Considering the role that TP has in various problematic behaviors, it is worth investigating whether TP
can be a predictor also for PIU.

4.2 Psicoscrigno and its Public Release
Psicoscrigno is an on-line health app that contains an electronic, Italian-translated version of the GPIUS2
and ZTPI. Considering its simplicity, we did not carry out user-centered studies to evaluate its design, as
we did in the other two case studies - see Chapter 2 and Chapter 3. Instead, we made it directly available to
people. In particular, we employed the research in the large paradigm (see Section 1.2) to make Psicoscrigno
available to a large number of users and recruit participants for our study. To this purpose, we integrated
the app with Facebook and included it in the Facebook app directory. Its availability was also announced
on the web site of an Italian newspaper.

Users could answer the questionnaires by logging in to their Facebook profile and then using the ap-
plication. They were preliminarily informed by the application that they would be allowed to answer each
questionnaire only once (see Figure 4.1).

When the user chooses to answer a questionnaire, the app shows an additional page that includes in-
formation on the specific assessment, instructions for answering and reference of its scientific validation
(Figure 4.2).
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Figure 4.1: “Home” screen of Psicoscrigno. The app informs the user that he has already answered the
ZTPI test.

Figure 4.2: Introduction page of the GPIUS2 test. The user can choose to start answering (above button) or
go back to the “Home” screen (bottom button).
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From this page, users can choose to start answering the questionnaire or go back to the “Home” screen
of Psicoscrigno. If the user chooses to answer, the app shows the initial page of the questionnaire. This
page asks also users to enter their gender and age (Figure 4.3).

Figure 4.3: First 5 questions of the GPIUS2 test. In this page, users also specified their age (Età) and gender
(Sesso).

The application checks for possibly skipped answers on questionnaire items and initial demographic
data, and asks users to enter them. Then, to thank users, after they complete questionnaires, the application
provides them with the obtained scores and explanations of the scales (Figure 4.4).

Participants were also given the opportunity to publish a link to the application on or share the obtained
scores on their profiles with a single click. Finally, it offered participants the standard Facebook “Invite
friends” option (Figure 4.5).



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

120 4. Using Research in the Large with an On-Line Health App for Psychological Assessment

Figure 4.4: “Results” page of the GPIUS2 test. From this page, the user can choose to (i) publish the score
on his/her Facebook profile (first link), (ii) invite friends to install the app (second link), and (iii) go back to
the “Home” screen (third link)

Figure 4.5: Facebook “Invite Friends” option: participants could conveniently suggest their Facebook
friends to use the application (faces of users in this figure have been electronically blurred for privacy
reasons).
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4.3 Correlational Study With Research in the Large

4.3.1 Hypothesis
Given the dependence aspect that could be involved in PIU and the association of TP with problematic
behaviors that have an addictive component, such as substance abuse and reduced offline social contacts,
we hypothesize that TP predicts PIU. In particular, considering the role of PN and PF reported by the
literature with respect to addiction and social contacts, we hypothesize that people who score high on PN
or PF should report a high PIU.

4.3.2 Measures
4.3.2.1 Demographics and Usage Data

Before the installation, Psicsocrigno asked users for permission to have access to their basic profile infor-
mation such as gender and age. Moreover, it collected also usage data, i.e. the answer to each question, the
final scores, and the time required by participants to complete each questionnaire. Such data was stored in
a secure database and in anonymous manner.

4.3.2.2 GPIUS2

Participants completed the electronic, Italian version of the GPIUS2, which had good internal reliability.
Cronbach’s alpha for GPIUS2CS was .89 (.91 in the English version (Caplan, 2010)), for POSI .87 (.82),
for MR .81 (.86), for CP .83 (.86), for CIU .84 (.87) and for NO .86 (.83).

4.3.2.3 ZTPI

Participants completed the electronic, Italian version of the ZTPI, which had good internal reliability. Cron-
bach’s alpha for PN was .82 in the Italian version (.82 in the English version (Zimbardo and Boyd, 1999)),
for PP .71 (.80), for PF .71 (.74), for PH .78 (.79) and for F .66 (.77).

4.3.3 Results
4.3.3.1 Demographics and Usage Data

For 6 months since the day of the announcement, the app was used by 692 Facebook users: 459 partici-
pants chose to answer the ZTPI only, 78 participants the GPIUS only, and 155 participants answered both
questionnaires. These 155 participants form the sample of our study.

We used questionnaire completion time data to identify cases that could need to be removed, because
extremely quick completion times on on-line surveys suggest that respondents have not given the questions
due consideration and thus can introduce lower quality data in the dataset while a long completion time
might mean that respondents have been interrupted while filling out the questionnaire (Malhotra, 2008). To
exclude these cases, we followed the approach of previous studies with online surveys (Yan and Tourangeau,
2008), analyzing the data for outliers and dropping the participants who were in the lower and upper one
percentile of time completion values in at least one of the questionnaires. Based on this analysis, 6 partici-
pants were discarded. We did not take into consideration participants’ connectivity speed, as each page of
the questionnaires was very small (no larger than 59 Kb) and did not contain any image or video. In these
cases, differences in connectivity speed should not produce meaningful differences in completion times
(Malhotra, 2008).

Among the remaining 149 participants, the mean completion time for ZTPI was 519 seconds (SD =
227.33), while for GPIUS2 was 124 seconds (SD = 53.79). The mean of participants’ self-reported age
was 32.40 years (SD = 11.80).

Bases on participants’ self-reported data, there were 79 male and 70 female respondents in the sample.
For 21 participants, the Facebook user profile did not contain gender information and we used the gender
they had stated in the questionnaires. For the remaining 128 participants, gender information was available
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in their Facebook profile as well in the questionnaires. For these participants we checked if there were any
mismatches between the gender stated in their Facebook profile and the gender stated in the questionnaires
and there was a mismatch for only one participant. In this single case of mismatch, we used the gender
reported on the Facebook profile as the participant’s gender. In general, Facebook encourages more truthful
profiles than other online social networks (Lampe et al., 2007).

4.3.3.2 Relations Between the ZTPI Subscales and GPIUS2CS

Zero-Order Correlations

Data were first subjected to the Kolmogorov-Smirnov test of normality. The test revealed deviations
from the normal distribution for GPIUS2CS and PP. The relationships between GPIUS2CS and the ZTPI
subscales were thus assessed using Kendall’s rank correlation coefficient. Results were then converted to
Pearson’s r following Walker (2003) (Table 4.1). Zero-order correlations showed that GPIUS2CS correlated
moderately with PN and weakly with PF. Also, significant correlations between some ZTPI subscales were
found: PN correlated weakly and negatively with PP; PN strongly and positively with PF; PH weakly and
positively with PF; PH weakly and negatively with F; PF moderately and negatively with F.

We also tested if GPIUS2CS and the ZTPI subscales correlated with age and gender, which was dummy
coded (0=men, 1=women), finding no significant correlations.

Table 4.1: Converted Pearson correlations (from rank order correlations) between ZTPI subscales and
GPIUS2CS.

PN PP PH PF F
GPIUS2CS (M =
48.41,SD = 17.89)

.37*** -.08 -.03 .26** -.09

PN (M = 3.22,SD = .69) -.22* -.02 .54*** -.17
PP (M = 3.38,SD = .57) .13 .06 .09
PH (M = 3.46,SD = .47) .25** -.25**
PF (M = 2.69,SD = .56) -.37***
F (M = 3.30,SD = .45)

Note: n = 149, * p < .05. ** p < .01. *** p < .001.

Partial Correlations
The zero-order correlations revealed that PN and PF are both correlated with GPIUS2CS. These correla-
tions were of our primary interest, considering the aim of the study. Moreover, we found that PN correlated
strongly and positively with PF. This correlation suggests that the use of the two subscales together when
attempting to predict PIU might be possibly redundant and that the two subscales might not be two inde-
pendent predictors. For this reason, we carried out two partial correlations, the first involving GPIUS2CS
and PN partialing out PF, and the second involving GPIUS2CS and PF partialing out PN. The correlation
between PN and GPIUS2CS remained significant after partialing out PF scores (τ = .19,r = .29, p < .001).

Linear Regressions
In order to better investigate the effects of PN and PF on PIU we carried out two linear regressions. For
both regressions, GPIUS2CS was the dependent variable, while PN was the independent variable in the first
regression and PF was the independent variable in the second regression (see Table 4.2 for the regression
parameters). Prior to analysis, GPIUS2CS was normalized using a square root transformation. Results
indicated that both PN (F(1,147) = 16.40, p < .001) and PF (F(1,147) = 8.78, p < .01) are significant
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predictors of PIU. PN accounted for 9% of the GPIUS2CS variance while PF accounted for 5% of the
GPIUS2CS variance.

Table 4.2: Regression parameters for GPIUS2CS.

Dependent
variable

Adjusted
R2

Predictor β Stand. β t p

GPIUS2CS .09 PN .02 .32 4.05 < .001
GPIUS2CS .05 PF .02 .24 2.96 < .01

4.3.3.3 Relations Between PN, PF and the GPIUS2 Subscales

Zero-Order Correlations
To further understand the relationships of PN and PF with PIU, we assessed the possible associations with
the GPIUS2 subscales using Kendall’s rank correlation coefficient. The results were then converted to
Pearson’s r following Walker (2003) (Table 4.3). Zero-order correlations showed that PN is moderately
correlated with POSI; PN and PF are moderately correlated with MR; PF is weakly correlated with CP; PN
is weakly correlated with CIU and NO.

The GPIUS2 subscales were then correlated with age and gender. Results show that age correlated
weakly and negatively with CIU (τ = −.15,r = −.23, p < .05), while gender correlated moderately and
positively with MR (τ = .26,r = .40, p < .001): women (M = 15.59,SD = 4.99) scored higher on MR than
men (M = 12.24,SD = 5.26).

Table 4.3: Converted Pearson correlations (from rank order correlations) between PN, PF and
GPIUS2CS subscales.

PN PF
POSI (M = 9.04,SD = 4.80) .35*** .17
MR (M = 13.81,SD = 5.39) .40*** .29**
CP (M = 9.32,SD = 5.03) .14 .22*
CIU (M = 10.20,SD = 5.27) .20* .14
NO (M = 6.03,SD = 4.41) .25** .09

Note: n = 149, * p < .05. ** p < .01. *** p < .001.

Linear Regressions
The zero-order correlations in Table 4.3 indicate that PN and PF are correlated with GPIUS2 subscales. We
further analyzed these relationships with linear regressions (Table 4). Moreover, we carried out multiple
regressions (Table 4.4) when significant age and gender correlations were found with GPIUS2 subscales.
Prior to each analysis, data were subjected to the Kolmogorov-Smirnov test which revealed a deviation from
normality for all GPIUS2 subscales. Data were then transformed with a square root transformation to make
the distributions normal or near-normal and to satisfy the linear or multiple regression assumptions. The
linear regression involving PN and NO is not reported because two underlying assumptions were violated.
Results indicated that PN is a predictor of POSI (F(1,147)= 15.87, p< .001); PN and gender are predictors
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of MR (F(2,146) = 18.34, p < .001); PF and gender are predictors of MR (F(2,146) = 13.27, p < .001);
PF is a predictor of CP (F(1,147)= 6.09, p< .05); PN and age are predictors of CIU (F(2,146)= 6.21, p<
.01).

Table 4.4: Regression parameters for GPIUS2 subscales.

Dependent
variable

Adjusted
R2

Predictor β Stand. β t p

POSI .09 PN .14 .31 3.98 < .001
MR .19 PN .87 .32 4.32 < .001

Gender 1.08 .29 3.86 < .001
MR .14 PF .80 .24 3.08 < .01

Gender 1.09 .29 3.78 < .001
CP* .03 PF .01 .20 2.47 < .05
CIU .07 PN .04 .16 2.00 < .05

Age -.01 -.21 -2.59 < .05

* The Kolmogorov-Smirnov test revealed a slight deviation from normality for residuals distribution (p =
.02).

4.3.4 Discussion
The data collected by Psicoscrigno shows that a high number of Facebook users answered the questionnaires
that we included into it. This result highlights the feasibility of using research in the large for distributing
a health app that offers people reliable assessments of mental health conditions. Moreover, research in the
large allowed us to carry out a correlational study, whose purpose was to examine the possible relationship
between time perspective and problematic Internet use. The obtained results met our hypothesis: the PN
and PF time frames were found to be correlated with PIU. Moreover, two regression analysis pointed out
that PN and PF are predictors of PIU.

The study showed that TP is an individual difference that plays a significant role in PIU, in particular for
people who have a PN or PF orientation. Individuals with such orientations might be more willing to use
the Internet to alleviate their negative moods than individuals with a different time orientation: in particular,
when correlating TP with the GPIUS2 subscales, the larger correlation value was obtained between PN
and MR. Further analysis showed also that women had higher values on the MR subscale than men. As
suggested by Larsen (2000), women use strategies that rely on social interactions for mood regulation more
frequently and successfully than men. The fact that these strategies can rely on the use of the Internet and
social networks might contribute to explain the higher MR values for women in the GPIUS2.

The other moderate correlation concerned PN and POSI. Individuals with a high PN value present a
potentially disturbing portrait with minimal and unsatisfactory interpersonal relationships (Zimbardo and
Boyd, 1999). This might contribute to explain the correlation with POSI: individuals with a past negative
orientation could find the Internet to be a safer and better place for social interactions.

Given the negative outcomes that PIU could lead individuals to, in particular adolescents (Hawi, 2012;
Moreno et al., 2011), TP should be included in efforts devoted to better understand PIU. Moreover, TP
should be considered when studying people use of social network sites, such as Facebook, considering that
they could contribute to PIU (Kittinger et al., 2012). More generally, the findings of this study provide
additional support to the usefulness of TP in predicting problematic behaviors.
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In this thesis, we have explored how some of the HCI methods, i.e. quantitative as well qualitative, in the lab
as well as in situ, and a recently proposed approach, i.e. research in the large, can be applied for proposing
effective health apps that target the general population. In particular, we presented three case studies in
different domains, i.e. (i) mindfulness, (ii) neurological assessment, and (iii) psychological assessment, and
proposed an app for each domain.

In the following, we summarize the results of our research and discuss future work directions for each
one of the proposed health apps. Finally, we discuss the strengths and weaknesses of using research in the
large that emerged from the studies with our proposed apps.

C.1 Design and Evaluation of Mobile Mindfulness Apps

In Chapter 2, this thesis developed a mobile app (AEON) to support people practice a mindfulness tech-
nique, i.e. distancing from thoughts, that requires individuals to be aware of their thoughts and to observe
them while they pass by, without acting or grasping on them, and without trying to suppress them. We
have illustrated the design process that led to the development of AEON, by analyzing previously proposed
approaches aimed at helping people practice mindfulness as well as understanding the difficulties that in-
dividuals can encounter when approaching it. Then, we carried out a quantitative lab study to compare
our proposed app with two traditional distancing from thoughts techniques not based on technology. Such
study methodology allowed us to assess whether AEON could actually be beneficial to people, comparing
its effect with two well-known techniques whose efficacy is known.

Results of the study pointed out that AEON was able to obtain better results in terms of achieved
mindfulness, level of difficulty and degree of pleasantness than the two traditional techniques. It was also
the preferred approach for users. To the best of our knowledge, this study is the first to provide evidence
that a mobile app could be beneficial in helping users practice mindfulness. Moreover, it allowed us to
answer the research question RQ1. We then broadened the investigation of the effectiveness of AEON. In
particular, we aimed at deeply understanding its long-term effects when used by people in their everyday
contexts. According to (Klasnja et al., 2011), this understanding, together with the design knowledge that
results from it, is arguably the biggest contribution that HCI can make to the development of effective
health-related systems.

We thus conducted a qualitative in situ long-term study. In particular, since mindfulness could be helpful
in reducing some negative emotional states, such as worry and ruminative thinking (Querstret and Cropley,
2013), we investigated whether the long-term use of our app could help users ameliorate their worries. This
study approach allowed us to thoroughly examine users’ experience with AEON over a prolonged period of
time, as well as gain deep insights on their perception in using the app for ameliorating worry. Moreover,
as the app was used in participants’ everyday contexts, the study allowed us to discover possible different
patterns of use and design opportunities. Interestingly, results reveal that several participants experienced a
mindfulness state and a reduction of their worries when using the app, suggesting that the prolonged usage
of AEON might be beneficial for people. Such findings allowed us to partially answer the research question
RQ2 and motivated us to pursue the investigation of the long-term effects of AEON when used by people
in their everyday contexts. To this purpose, we employed a quantitative approach and the research in the
large paradigm to carry out an in situ 4-week study. Such study methodology allowed us to assess the
effectiveness of the app with a wider sample of people than the other two user studies of AEON that we
carried out. Moreover, it contributed to increase external and ecological validity (Miller, 2012). Overall, this
study allowed us to address the research questions RQ4 and RQ6. To the best of our knowledge, no study
so far employed research in the large to evaluate a mobile mindfulness app. Interestingly, results pointed
out that AEON helped participants increase their level of mindfulness during the period of the study. Thus,



Tesi di dottorato di Andrea Vianello, discussa presso l’Università degli Studi di Udine.

126 Conclusions

together with the qualitative in situ evaluation, this study allowed us to fully answer the research question
RQ2.

Given the positive outcomes of our evaluations of AEON, in future studies we will extend the inves-
tigation of the possible effects of the app to the broader context of supporting physical and psychological
health, in line with traditional mindfulness interventions in clinical settings (Keng et al., 2011). As a specific
example, we have started collaborating with sexologists to employ AEON as an adjunct in the treatment of
sexual dysfunctions, such as men’s premature ejaculation and women’s vaginal anorgasmia. A positive role
that AEON might play in such therapeutic interventions is that of helping patients distance themselves from
the distressful recurring thoughts that are typically associated with their particular sexual dysfunction.

C.2 Design and Evaluation of Mobile Health Apps for Neurological
Assessment

While Chapter 2 developed a mindfulness app, in Chapter 3 we employed qualitative and quantitative
studies to design a mobile gamified app (MotorBrain) for neurological assessment. MotorBrain offers
computerized versions of six motor tests traditionally used by neurologists for the assessment of users’
motor skills or impairments. In particular, we applied gamification to turn such tests into simple games, with
the aim of making them attractive and pleasant to execute for users. In addition to providing a preliminary
assessment of their motor performance to users, MotorBrain sends the acquired data to a remote server,
allowing us to build a database of individual motor skills data, which can be used for normative neurological
studies. For example, the collected data can be used for studying the aging of human motor performance
and also in the diagnosis of movement disorders or in the rehabilitation process of a pathological motor
function. To the best of our knowledge, MotorBrain will be the first publicly available health app to achieve
the above described goals.

The thesis has illustrated the design process that led to the first prototype of MotorBrain. However,
in this case, we could not ground the design process by analyzing previously proposed approaches, as we
did with AEON. Thus, given the novelty of applying gamification in the neurological context, we first
conducted a qualitative lab study to evaluate users’ experience with the app, instead of a quantitative one.
The study methodology we employed allowed us to assess the feasibility of our approach, i.e. applying
gamification for turning motor tests into games, as well as identifying the factors that could interfere with
the main purpose of the application, i.e. the collection of meaningful motor skills data. We thus modified
the app by taking into account such problems, designing a second prototype of MotorBrain. Then, we
conducted a quantitative pilot study to evaluate whether the data collected by MotorBrain can be effectively
used for describing the aging of human motor performance. Such study approach allowed us to assess
the usefulness of the collected data, since the obtained results show that it is suitable to make meaningful
distinctions among different kinds of performance, and were able to highlight performance losses due to
aging. Thus, they allowed us to answer the research question RQ3. Moreover, they are consistent with
similar studies in the literature that employed digitizing tablets, desktop computers, or ad-hoc surfaces, e.g.
(Raw et al., 2012; Welsh et al., 2007). Therefore, the results we obtained are promising with respect to the
next goal of the research, i.e. to collect and analyze large datasets of human motor performance by making
the MotorBrain app freely available to the general public through on-line app stores.

It is interesting to note that an instrument that is able to detect motor performance losses such as Mo-
torBrain might be useful to detect the presence of movement disorders when they are still in a subclinical
stage and cannot be detected by physician’s clinical observation. This will be explored in our future work
by conducting detailed clinical assessments of subjects who turn to be outliers in their age group. We will
also study the possibility to use the app as an instrument in rehabilitation: patients could perform the tasks
repeatedly over a period of time and the physician could measure possible motor learning obtained through
such training.
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C.3 Using Research in the Large with an On-Line Health App for
Psychological Assessment

Unlike the previous two case studies, Chapter 4 developed a desktop on-line app (Psicoscrigno) that focuses
on the domain of psychological assessment, and in particular, on problematic Internet use (PIU).

To develop the app, we first analyzed the literature to find a valid and reliable questionnaire for PIU
assessment and included it into Psicoscrigno. Given the simplicity of the app, we did not carry out user
centered evaluations of it as we did with AEON and MotorBrain. Instead, we exploited the possibility
offered by research in the large to made it directly available on Facebook and conduct a correlational study to
better describing PIU in terms of personality traits. To this purpose, we included into the app an assessment
of time perspective (TP). Such research paradigm allowed us to offer valid and reliable assessments of both
PIU and TP to a possibly large number of users, i.e. all Italian Facebook users, as well as studying the
effects of TP in PIU. Indeed, results pointed out that individuals with particular time perspectives might
be more inclined to experience a problematic Internet use than individuals with other time perspectives.
Overall, this case study allowed us to address the research questions RQ5 and RQ6.

We are now extending Psicoscrigno with other reliable and valid questionnaires. In particular, consider-
ing our research interests on mindfulness and worry (see Chapter 2), we are including into Psicoscrigno two
validated questionnaire to assess them, i.e. the Mindfulness Attention Awareness Scale (Brown and Ryan,
2003) and the Penn State Worry Questionnaire (Meyer et al., 1990). This will allow us to exploit research in
the large for carrying out correlational studies to describe PIU in terms of mindfulness as well as examine
if worry might play a role in the relationships between PIU and TP. Indeed, studies in the literature have
found that both constructs are related with anxiety, e.g. (Caplan, 2007; Zimbardo and Boyd, 1999), and a
high level of worry is central in such disorder (American Psychiatric Association, 2013).

C.4 Strengths and Weaknesses of Using Research in the Large
In this thesis, we employed research in the large for carrying out scientific studies with two of our proposed
health apps, i.e. AEON and Psicoscrigno. Such studies differed both in terms of: (i) goal and length, i.e.
studying the long-term effect of the usage of the app on people (AEON) and carrying out a correlational
study (Psicoscrigno), and (ii) the mechanisms we exploited for distributing such apps, i.e. on-line app stores
for AEON and Facebook for Psicoscrigno. Overall, the results we obtained from both studies confirmed
some strengths and weaknesses of research in the large (see Section 1.2) that we discuss in the following.

Focusing our attention to the goal and length of the two studies, Psicoscrigno required a short use to
people to answer each questionnaire and collect data for the correlational study. Results confirmed the
feasibility of using research in the large for studying characteristics of people with higher levels of external
and ecological validity compared to common research settings (Wilson et al., 2012). The study of AEON
in the large required instead a long-term continuative use. Although we could evaluate the effectiveness of
the app when used by people in their everyday contexts and extend the sample of our previous studies of
the app, on the other hand results revealed that only a small percentage of the initial participants reached
the end of the study. In general, this limitation is typical of long-term evaluations carried out with research
in the large and suggests that new mechanisms for keeping participants engaged in the long-term must be
explored. In our study, we used the unlocking of new app features at the end of the study period as an
incentive. For example, future studies should consider distributing rewards along the entire study period.

Focusing our attention on the distribution mechanisms that we employed, the integration of Psicoscrigno
with Facebook allowed us to deal with a well-known limitation of research in the large, i.e. the collection
of unverified demographic data (see Section 1.2.2.4). Indeed, Psicoscrigno asked people permission to
access the age and gender they specified in their profiles, which tend to be accurate (Wilson et al., 2012).
In the case of AEON, since users could enter their personal thoughts in the app, we did not exploit such
integration as an additional measure to guarantee their privacy. In general, the integration of a research
app with Facebook should be considered when demographic data is needed. The integration with Facebook
could also allow a research app to exploit the principle of social facilitation, i.e. the fact that people are
more likely to perform a target behavior if they can discern via technology that others are performing the
behavior along with them (Fogg, 2002), and thus persuade people to use more it. For example, in the case
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of AEON, Facebook could offer users the possibility to share their progress in the practice of mindfulness.
However, we cannot exclude that such feature could lower people’s perception of privacy, since they have to
share an internal state. To explore this consideration, future studies could compare two versions of AEON,
one with the integration with Facebook and one without it, and analyze which version of the app has been
used more by people.
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A.1 Interview Protocol
Thank you very much for coming back. Now, I am going to ask you some questions concerning the period
during which you used AEON. Please, feel free to tell me anything that came into your mind when you
were using the app...

1. What did you think when you were using the app?

2. How did you feel when you were using the app?

3. Did you notice anything new or unusual in your days or in yourself during the period of the study?

4. Did you relate to your worries or think about them differently during this period?

5. Now that you are familiar with the app, what do you think about it?

6. Is there anything that you would change or improve in the app?
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