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Abstract: The most important risk factors for cardiovascular health are smoking and a sedentary
lifestyle. This paper proposes Evitapp, a mobile application designed to promote physical activity
and smoking cessation. The application does not use additional tracking devices, rather relying
on phone sensors to track physical activity, and on users logging their behavior. Nineteen users
tested the application over 10 days. Participants found the applications easy to use and used
them approximately once per day. Even though the habits of the experiment participants did not
change significantly, those who used the smoking cessation application reported decreasing their
smoking habit.
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1. Introduction

Cardiovascular disease is a public health problem, and it is the leading cause of death and
disability worldwide [1]. Cardiovascular disease is considered an umbrella term, under which it is
possible to find a group of pathologies, e.g., coronary heart disease, cerebrovascular disease, and
peripheral arterial disease [2].

The concept of cardiovascular risk factors is applied to those biological signs and acquired habits
that increase the probability of having a cardiovascular disease [3]. These can be found in all types of
population, at all socioeconomic levels [2] The concept of primary prevention appears is relevant in
people with risk factors who do not have symptoms of cardiovascular disease [4]. This prevention is
described as effective since it is capable of eliminating risky behaviors, making it possible to prevent at
least 80% of cardiovascular diseases [5].

Within the control strategies, self-monitoring appears as a way to change related lifestyles,
promoting positive behaviors, e.g., smoking cessation, weight loss, physical activity [1]. The most
important risk factors for their adverse effect on the cardiovascular system are smoking and sedentary
lifestyle [6].

Regarding smoking, most smokers feel dissatisfied with their smoking habit and although they
would like to quit, they tend to overestimate how likely they are to actually do so [7]. Even though
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there is no level of safe consumption, when consumption is lower, this lowers the risk of suffering a
cardiovascular disease [8].

Regarding physical activity, sedentary lifestyle is a behavior in which the subject does not perform
physical activity at least three times a week for at least 30 min during the last month [9]. Sedentary
behavior doubles the probability of dying from coronary heart disease [10].

Persuasive technologies are those designed to change a person’s behavior in some way [11].
To perform a desired behavior, a person must be able, motivated, and triggered to do so [12]. Persuasive
technologies may have a large impact on the health and well-being of populations. Some application
domains for persuasive technologies are improving behaviors related to smoking, TV and internet use,
stress management, social relationships, sexual behavior, exercise, diet, education, and environmental
conservation [13]. There are several strategies for persuasive technologies, e.g., instruction style
(authoritative or non-authoritative), social feedback (cooperative or competitive), motivation (extrinsic
or intrinsic) and reinforcement type (negative or positive) [14].

This paper proposes a mobile application, called Evitapp, designed to help control cardiovascular
risk factors. This application does not use additional tracking devices, rather relying on the mobile
phone’s available sensors: accelerometer and GPS, to track physical activity, and on the user’s logging
of their behavior. The application has two different versions: one to promote smoking cessation, and
one to promote physical activity, with a high software reuse between both. This paper presents a study
in which two different groups of users tested Evitapp, with one group testing the smoking cessation
version and the other testing the physical activity version.

This paper is organized as follows. First, we discuss related work, considering persuasive
technologies for physical activity and smoking cessation. Then, we describe the design and
implementation of our applications. Section 4 describes our methodology, then Section 5 describes the
results and Section 6 presents the discussion. Finally, Section 7 presents our conclusions and discusses
possible paths of future work.

2. Related Work

2.1. Persuasive Technologies for Physical Activity

A systematic review of persuasive applications to promote physical activity found that persuasive
features could be categorized as pertaining to the primary task, dialogue support, system credibility
support, and social support [15]. Within the primary task, self-monitoring—either manual or automatic
(e.g., through activity trackers)—was the most used design feature [15]. A review of applications
available in 2015 on iTunes and Google Play found that applications most often included user input,
textual or numerical views of behavior and progress, sharing on social networks, and general advice,
including less often such features as gamification and expert contact [16].

Many mobile applications to promote physical activity have been proposed in the literature.
Several use additional devices, such as activity or personal health trackers. For example, a mobile
application called Heart Angel used a mobile phone, paired with a heart rate monitor and a GPS,
allowed users to assess and monitor their fitness level [17]. Another example of this trend is a mobile
application called Active Coach, which is paired with a Fitbit tracker [18]. Active Coach was developed
specifically for working young adults with low education, by choosing determinants to promote
active lifestyle and using evidence-based behavior change techniques to convert them into practical
applications [18]. The incorporation of target users into the development process was found to be
an important aspect of developing an application that considered user preferences [18]. A mobile
application called SitCoach monitored physical activity and prompted users to take active breaks
through messages, finding that simple reminders sufficed to trigger users to take breaks [19].

UbiFit Garden [20] uses a garden (with only positive reinforcement) as a representation on the
mobile phone wallpaper of the goals users reach; providing a reminder every time the phone is used.
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2.2. Persuasive Technologies for Smoking Cessation

A wealth of research exists regarding smoking cessation programs and initiatives. Overall, picture
warnings, ad bans, and increased taxes are public policies that have been shown to reduce tobacco
use [21]. The persuasive effects of anti smoking messages have been studied, finding, e.g., that
messages stressing gains (over losses) and short-term (over long-term) consequences have more effects
on smoker attitudes—e.g., a message stressing that quitting smoking improves stamina [22]. Many
mobile applications use reminders in the form of messages—e.g., SMS and MMS [23]. Some studies
have focused on how mobile applications incorporating persuasive messages may decrease boredom
and annoyance with the messages users receive—e.g., by using diverse triggers, such as those that use
concepts related to the self [24].

Many mobile applications to support smoking cessation efforts exist, however, those with scientific
research backing them may be difficult to find [25]. On the other hand, technology may be evolving
at a faster pace than that of scientific publication [25]. A review of smoking cessation applications
available in the iTunes store and Google Play, according to the self-determination theory, found that
few applications addressed autonomy, competence and relatedness, and that in general, applications
do not sufficiently stimulate autonomous motivation [26].

A user-centered design process is helpful to design a smoking tracking application that allows
users to easily track behavior [27]. A qualitative study on what information users would like from
a text message service for smoking cessation found that users would like to feel involved with the
program, communicate their feelings and visualize their progress [28].

3. Evitapp: Design and Implementation

3.1. Persuasive Strategies and Mockups

In this work, we developed two applications: one for physical activity and other one for
smoking cessation. These were implemented in Spanish, because the applications were to be tested in
Concepcién, Chile.

To develop the applications, we started by defining the persuasive strategies. Based on a review
of persuasive technologies for health and wellness [29], as well as specific research concerning physical
activity [30-32] and smoking cessation [33-35], and the review of existing applications from Google
Play [36,37], we decided to incorporate the following five persuasive strategies (1) tracking and
monitoring, (2) social support, sharing, and comparison, (3) persuasive messages, reminders, and
alerts, (4) goals and objective, and (5) emoticons and persuasive images.

With the previous in mind, we first used NinjaMock (https:/ /ninjamock.com) to build some
mockups of the software for smoking cessation. We used the metaphor of a tree in a field (Figure 1a)
to visualize goals and objectives, and provide persuasive images. This image would change
proportionally with the user’s progress, adding landscape elements (Figure 1b). Initially, it has
few elements, and as the user avoids cigarettes or increases their physical activity, both the percentage
and the number of elements in the landscape increases, making it more cheerful and abundant in
terms of number of animals, clouds, etc. The field was also the backdrop for the complete application,
allowing the end-user to interact with a harmonious environment.


https://ninjamock.com

Proceedings 2018, 2, 1208 40f12

Ilnicie | Social Avance ‘ Logros | & Inicio Banking | Avamce Logros
oAy e 8 Objetos Logrados
Nowmbre usuario ) Iy g
he fumado!!
, . .
Conejo Nido
Aves < | fuevo
Pajaro fojas
1 . .
| Nubes < | Sel
T
Cliervo Fec
1
(a) Main Window (b) Landscape Elements

Figure 1. First version Mockups of Evitapp
3.2. Final Applications

We started with the development of the smoking cessation application. This was developed using
Android Studio 3.0, and for a version of Android 4.4 (KitKat) and higher.

Figure 2a displays the sign up form for the application. Users must input the number of cigarettes
they smoke daily (;Cudntos cigarros fuma cada dia?). This question is important because this data is used
to calculate the user’s progress. Figure 2b displays the main window of the application, where the
central element is the tree in a field metaphor representing the user’s progress, which is in this case
97.58 %. In the upper part of the application, it displays the name and image of the user, the number of
cigarettes smoked in the current day, along with the rate of progress. Two buttons are used to report
cigarette smoking, either increasing or decreasing the number of cigarettes that have been smoked in
that day.

The social aspects of the persuasive strategies were implemented as a social network, where all
people that have the same application can see the tree in a field metaphor of the others. Figure 3a
shows the social tab, which contains a list of all users that use the application, along with their picture
and occupation. If a user is selected from the list, the current image of his/her tree will be displayed,
allowing to see his/her progress.

Finally, Figure 3b shows all possible elements to be displayed in the landscape, in order of
achievement. Each element represents a goal to be reached by the user. When selecting any of the
elements, a detail of the achievement, equivalent advance percentage and the corresponding number
of cigarettes will be shown.
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Figure 2. Evitapp Final Version: Smoking Cessation.
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Figure 3. Evitapp Final Version: Smoking Cessation (continuation).

The sign up form for the physical activity application in which the initial question is how many
minutes of physical activity the user does in a week (; Minutos de actividad fisica a la semana?). In the
main window, the application has two buttons, one blue and the other red, for reporting the activities
done during the day, as well as for how long they performed them. When the user reports the activities,
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he/she has to choose from a list of options (Figure 4a). Users can choose to see other users, along with
their progress in metaphor form (Figure 4b).

Seleccione actividad

O Danza aerébica, Baile 0 Zumba

O Bicicleta

O Trekking o Excurcion

Antonio Bascur Q.

@ Trote o Caminata
O Saltar la cuerda
O Natacién

(O Football, Volleyball o tenis

O Otro

GUARDAR

(a) Physical Activity Register (b) User Landscape

Figure 4. Evitapp Final Version: Physical Activity

The application can automatically detect physical activity (specifically walking, jogging or cycling)
by using the GPS and accelerometer available in the mobile device. This feature was implemented
using the Activity Recognition API developed for Android by Google [38]. The application counts the
number of continuous minutes of activity. When the activity is greater than 10 min those minutes are
added to the daily register.

Finally, we implemented several notifications in both applications, using a non-diverse
strategy [24] to avoid overwhelming users. Figure 5a presents a notification where the application
indicates that it has detected twenty-six minutes of walking, jogging or cycling, while Figure 5b shows
a message that indicates benefits of performing physical activity (Exercise is good for the mind, body
and soul). The motivational notifications are shown at random times, with a daily limit of possible
notifications.

§ Evitapp Sedentarismo 21:40
e Evitapp Sedentarismo 20:51 Evianp ]
V Se detectarén 26 min de Trote o Caminata PP:
El ejercicio es bueno para la mente, cuerpo y espiritu
(a) Automatic Detection of Walking, Jogging or (b) Persuasive Notification Recommending
Cycling Physical Activity

Figure 5. Examples of Notifications from the Smoke Cessation Application
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4. Methodology

4.1. Data Collection

We collected participant responses from three standard questionnaires, selected to measure
nicotine dependence (Fagerstrom Test), digital skills (DIGCOMP), and the usability of the application
(SUS). Each instrument is described below:

o  Fagerstrom Test is an instrument for measuring physical nicotine dependence. The test has six
questions, and the results indicate whether users have low, moderate, or high dependence [39].

e DIGCOMP is an instrument to measure digital competences, i.e., set of knowledge, skills and
attitudes needed to be functional in a digital environment. Users are categorized into one of four
possible groups, according to their digital skill levels: none, low, basic or above basic [40].

e  System usability scale (SUS) is a Likert Scale which includes 10 questions and it permits quickly
to measure the usability of the system. In this, scores over 80 indicate very good usability, while
scores below 60 indicate poor usability [41].

Furthermore, we built an ad-hoc questionnaire for getting information from the users about the
use and perception of the applications (see Table 1).

Table 1. Evitapp questionnaire.

Item

It is easy to input an activity/cigarette

It is easy to remove an activity/cigarette

The tree image represented my progress accurately

The application was available when I wanted to use it

I was always notified of any change in my tree image

The images used for each element were adequate

The application notified me daily to remind me to use it

I'liked being able to see the trees for other members of the group

I liked being able to see the details for each element in the tree image
0 The way to input information in a day that I missed is simple

= O 00NN Ulk WN -~

4.2. Participants

Our participants were nineteen adult people (7 women, 12 men), with an average age of 29 years
(SD:10.4). Ten of them were university students, and the rest had other occupations. Each participant
signed an inform consent form for participating in the experiment.

Table 2 summarizes our study participants, displaying the age and gender of each, as well as
which application (Evitapp for Smoking cessation or Evitapp for Physical Activity, or both) they
used during the experiment (marked as e), their level of digital skills according to the DIGCOMP
questionnaire, and the level of physical activity (IPAQ) for the participants who used Evitapp for
Physical Activity. All users had low dependency to smoking, per the Fagerstrom Test.

4.3. Experiment

To evaluate the applications, each participant used the application, either for physical activity or
smoking cessation, for 10 days. In the case of the participants that evaluated both apps, they used both
in the same 10 days. The evaluation was conducted during January 2018.

First, one researcher gave a brief introduction about the study and its purpose and the participants
completed the DIGCOMP test, Fagerstrom and IPAQ questionnaires. Participants signed the informed
consent form and the researcher installed the application on the participants’ own mobile phone.

Participants used the application freely for 10 days, with no intervention from the researchers.
They received daily notifications at random times to remind them to use the application. After
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the 10 days, the researcher met with the participants again, and the participants filled out the SUS,
Fagerstrom and IPAQ questionnaires, as well as the Evitapp questionnaire (see Table 1) and answered
two questions: whether they felt Evitapp helped them change their habits, and whether they wanted
to comment on any positive or negative aspects of the application.

Table 2. Description of study participants.

P Age G gﬁ;‘: APP;‘;“JL‘?“ Digital Skills  IPAQ
P1 25 M ° Above Basic  Moderate
P2 25 M ° Above Basic Low
P3 24 M ° Above Basic Moderate
P4 24 F ° Above Basic  Moderate
P5 25 F ° Above Basic Moderate
P6 22 F ) Basic Moderate
P7 53 M ° Basic Low
P8 24 M ° . Above Basic Low
P9 25 F ° Above Basic
P10 25 M ° ° Above Basic  Moderate
P11 26 F ° Above Basic
P12 26 M ° Above Basic
P13 28 M ° Above Basic
P14 31 M ° Above Basic
P15 23 M ° Above Basic
P16 57 F ° Above Basic Low
P17 20 M ° Above Basic Low
P18 45 F ° Above Basic Moderate
P19 27 M ° Above Basic

5. Results

5.1. User Experience

On average, participants used the application 13.6 times over the course of the 10-day experiment,
where one user only used it once, and three users used it over 25 times.

The SUS scores for each application are presented in Table 3. All user groups rated Evitapp
usability to be above average, and users of the physical activity application were the most positive
users. We also averaged the answers on the Evitapp questionnaire (see Table 1), finding that overall,
users were happy with the application, scoring it over 4.3 (out of 5). To evaluate the internal
consistency (reliability) of the Evitapp questionnaire, we used Cronbach’s alpha [42]. The value
for our questionnaire was 0.81 (good) [43].

Table 3. SUS and Evitapp questionnaire scores for participant groups.

SUS Evitapp

Smoking Cessation 86.4 4.3
Physical Activity 90 4.6
Both-Smoking 835 44
Both-Physical 87 44

5.2. Evitapp Persuasion

Overall, out of the 12 users that tested the physical activity application (7 tested only this
application and 5 tested both), 5 users reported increasing their activity levels, 3 users reported
decreasing activity levels, and 4 reported no change.
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Regarding the smoking application, for users that used both applications, there was no reported
change in smoking habits (all 5 users reported exactly the same habits in the pre- and post-experiment
questionnaires). However, for the 7 users that only used the smoking cessation application, average
Fagerstrom questionnaire results decreased from 0.6 to 0.1.

5.3. Qualitative Results

Participants were asked whether they felt Evitapp helped them change their habits. This section
discusses these qualitative results, providing quotes from participants (translated from Spanish).

The responses from participants who tested the smoking cessation application may be categorized
into three distinct reasons. First, some users felt the application helped them remember not to smoke.
One said, “Yes, it is very interactive and helped me remember that I don’t have to smoke constantly without
realizing it”. Second, one user thought it helped him/her calculate how much he/she was spending on
smoking: “It helped me calculate how many cigarettes I smoke per month and realize how much I'm spending
on it”. Finally, some users commented on the persuasive aspects of the application: “The images help
me want to achieve the goals”, “The messages that I received helped”. Some participants felt the application
did not help them change their habits, only realize or confirm how much they smoked.

The responses from participants who tested the physical activity application follow more or less
the same pattern as the ones from the smoking application. Some participants liked being reminded to
move: “It reminded me constantly that I had to get moving”. Some participants thought the application did
not change their habit because they are not able to, for lack of time or being busy with other activities:
“I was too busy working and could not do more physical activity”. Several participants mentioned that the
experiment allowed them to realize they were not as sedentary as they had previously thought. One
participant also mentioned that the application was good at reminding her to move, without being
annoying.

6. Discussion

We created a mobile application to persuade users to change their habits, focused on improving
cardiovascular health. Participants used the application for 10 days, reporting on their smoking and
activity habits. Without being asked about persuasive aspects directly, several users pointed to the
persuasive elements (tracking, goals, images, notifications) as helping them use the application and
change their habits. The social network feature was not mentioned as important, possibly because the
users were strangers among themselves.

Evitapp does not use additional activity trackers (becoming, therefore, a lower-cost alternative
than other similar applications, e.g., [17]), relying on the mobile phone’s sensors to detect activity. The
application uses positive reinforcement, as UbiFit Garden [20], to promote positive behaviors and not
discourage users who do not change their behaviors.

There are several limitations that we would like to acknowledge. First, several participants used
both applications, which may affect their perception and their usage. For this reason, the analysis of
the results considered separately those users who used one application or both. Second, the change
in habits was self-reported by participants, who filled out pre- and post-experiment questionnaires.
Participants may have been trying to please the researchers or feel that they had accomplished a change,
and not been entirely accurate in their reports. An objective way to measure changes would have to be
implemented in future experiments. Furthermore, changes in habits, especially in smoking, require
a longer period of intervention. Additionally, all participants had a low dependency to smoking, so
effects would only be moderate at best. Finally, the experiment was of a short duration and with a
limited number of participants, so it is not possible to generalize our findings to a general population
or a longer period of time. For this reason as well, although we analyzed whether demographic data
(e.g., gender) or digital skills were related to how persuasive the applications were, the number of
participants does not make it possible to find clear correlations or trends.
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7. Conclusions

This paper presented Evitapp, a set of two applications, one created to persuade users to stop
smoking, and the other to promote physical activity. The applications use a tree in a field metaphor,
in which as users progress in their journey, the tree is populated with leaves, animals, and other
positive elements. The applications were evaluated by 19 users during 10 days. Both applications
were positively evaluated by the users, who found them easy to use and used them approximately
once per day. However, the applications did not significantly change the habits of the experiment
participants. The persuasive effect was most noted in those participants who used the smoking
cessation application. These participants reported decreasing their smoking habit. A long term
evaluation should be conducted to review whether these results are maintained over time. This paper
contributes to literature aimed at building persuasive mobile applications to improve health and
prevent disease, by presenting a new application and insights from its evaluation, that may help other
researchers create more effective persuasive applications.

Funding: This research was funded by grant DINREG 05/2017 from the Direccién de Investigaciéon e Innovacién
of the Universidad Catélica de la Santisima Concepcién, and by CONICYT/FONDECYT 1181162 (Chile).
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