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a b s t r a c t 

Background: Mobile apps have a great potential to support patients in healthcare, and to encourage 

healthy behavioral changes such as smoking cessation. Nevertheless, the user rejection levels are still 

high. A set of factors that has impact on the app effectiveness is related to the quality of those features 

that lead to positive user experiences when using the app. This work aims to evaluate the user experi- 

ence, and more specifically the usability and the user satisfaction with a mobile application for smoking 

cessation. This will also provide a basis for future improvements. 

Methods: We provided a smoking cessation mobile Android app to two different user cohorts, the smok- 

ers as valid users and the experts, for three weeks. The app featured usual functionalities to help quit 

smoking, including an achieved benefits section, mini-games to distract during cravings, and supportive 

motivational messages. We collected information about user experience, through game playability and 

message satisfaction questionnaires, and the experts’ opinions. We also considered usage of app sections, 

the duration of the mini-game sessions, and the user ratings for motivational messages. 

Results: We included 45 valid users and 25 experts in this study. The questionnaire indicated 80% satis- 

faction rate for the motivational messages. According to game questionnaires, over 69% of the participants 

agreed that the games have good usability features, however, for questions related to mobility and game- 

play heuristics, agreements were below 67%. The most accessed app sections were achieved benefits and 

the one with motivational messages. The experts described issues that could help to improve the appli- 

cation. 

Conclusions: The combination of questionnaires with expert reports allowed to identify several problems 

and possible corrections. Our study showed that motivational messages have a good satisfaction rate, al- 

though it is necessary to consider technical features of some mobile devices that may hinder message 

reception. Games have good usability and it’s expected that the addition of difficulty levels and a better 

accessibility to the game menu could make them more attractive and increase its usage. Future develop- 

ment of mHealth apps based on gamification and motivational messages need to consider these factors 

for better user satisfaction and usability. 

© 2019 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Smoking is the one of the most preventable causes of morbid-

ty and premature mortality in the world. The World Health Or-

anization (WHO) recommends adding smoking cessation services

n primary health care, however the traditional cessation programs

equire a lot of resources and many governments cannot cope with
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d  
those expenses [1] . Several studies have used smartphones to sup-

port smoking cessation behavior change [2–5] . Due to the ubiq-

uity of smartphones and their widespread penetration [6] , they can

reach a high percentage of the population, and provide real-time

and convenient support. The EU SmokeFreeBrain project investi-

gates new methods for smoking cessation programs to improve

their economical sustainability, including mHealth [7] . All the au-

thors of the manuscript are researchers in this EU project. 

However, despite the potential of apps to help stop smok-

ing there is room for improvement regarding their user adher-

ence [8,9] . According to a published research [10] , approximately

80 0,0 0 0 quit-smoking Android apps were downloaded per month

worldwide in 2012, and another study revealed that only 27 out

of 83 iPhone apps for quitting smoking survived more than two

years in 2012 [11] . This may be due to the fact that few health apps

consider good practice guidelines [12] . US Clinical Practice Guide-

lines (USCPG) and behavior change theory-based therapies are the

most recognized for smoking cessation interventions [2,13] . How-

ever, they only include recommendations to adapt multiple com-

ponents to smoking cessation programs. Regarding apps, it is also

necessary to assess the usefulness perceived by the users [14] . At-

tempts to design mHealth evaluation criteria are often too complex

or too general to be able to adjust to the specific app functional-

ities [15–17] . In addition, it is more efficient to evaluate the user

experience in the user’s real environment – as this may change re-

sults significantly from those achieved with non-realistic scenarios

[18–20] . Specifically, the user’s perceived value and satisfaction are

key factors for people accepting and engaging with these apps [21] .

An alternative to evaluate these factors is to combine differ-

ent methods depending on the application functionalities. In this

study, we used a version of the Android app developed in the EU

SmokeFreeBrain project [7] , which featured an achieved benefits

section, a set of mini-games to cope cravings, and a recommender-

system based on motivational messages ( Fig. 1 ). The authors par-

ticipated in the design and development of this application. The

aim of this study was to assess the user -satisfaction (in terms

of usability and playability) with the developed smoking cessation

app and to explore possible improvements. The study was carried

out based on a combination of a set of heuristics specific for mo-

bile games, the use of questionnaires and supplemented by addi-

tional information such as app usage analytics and reports from

the participants. Among the numerous methods available for se-

rious game evaluations [22] , we chose heuristic evaluation [23] ,

which has been considered a convenient method when applied by

experts or technicians [24] . To evaluate the user satisfaction with

motivational messages based on the app recommender system, we

used a questionnaire, being one of the common practices [25,26] ,

to analyze message ratings by the users within an app. 

The study was approved by the ethics committee of TMU Joint

Institutional Review Board (TMU-JIRB N201803083). 

2. Methods 

2.1. Procedure 

Two cohorts were created to use the mobile app in a period of

three weeks. The recruitment process consisted of locating volun-

teer university students in the field of health sciences and technol-

ogy from the University of Seville (USE) in Spain; Aristotle Univer-

sity of Thessaloniki (AUTH) in Greece and Taipei Medical University

(TMU) in Taiwan. The students were final year undergraduates or

graduates who knew smokers in their immediate environment –

family or relatives– that agreed to use the application during the

established period. The students had a key role as participants and

formed the first cohort– the experts–. They were not necessarily

smokers but had enough knowledge in the area to assess the app
sing an expert heuristic evaluation. The second cohort –named

sers– were smokers who used an Android smartphone and were

ecruited by each subject in the first cohort. Users were included

ased on their willingness to participate in the study if the age

as 20 years and above. We use the term participants to refer to

xperts and users together. 

The app includes different sections such as statistics showing

chievements made by quitting, a message tray that contains the

otivational tips received during a quitting attempt and a user

rofile information section ( Fig. 1 ). A web server sends the moti-

ational messages using a recommender system designed by Hors-

raile et al. [27] , which selects the most appropriate messages for

ach user. The app also includes three games called “Crash the

igarettes”, “Blow the balloon” and “Physical Exercise”, hereafter

bbreviated as CCG, BBG and PEG, respectively. In CCG the user is

sked to crush as many cigarettes as possible in 1 min while the

ime available for crushing a cigarette progressively decreases. This

ame was based on a study by Girard et al. [28] . BBG requires the

ser to blow air close to the smartphone’s microphone only when

he balloon’s color is green to inflate it, which otherwise deflates

uickly. The blowing intervals are based on a study by Jamalian

t al. [29] . PEG consists of a set of physical exercises illustrated

ith videos, requiring the user to follow the presented physical ac-

ivity. 

Experts were informed about the steps required to properly use

he app ( Appendix A ) and to set a quitting attempt date, which al-

owed to receive motivational messages. The experts in turn passed

n this information to their recruited users. During the app config-

ration the user must answer some demographic data questions

uch as gender, date of birth, smoking habits, level of addiction

through the Fagerstrom [30] ) test and level of motivation to stop

moking (through the Richmond [31] test). The first day of the

ollow-up period was set as the day on which the user completed

ll these steps. Each characteristic was evaluated through a series

f questionnaires filled in outside the application ( Appendix B , C )

nd with the usage information compiled by the application and

ent to the web server. After the three-week testing period, we

nalyzed the usage of the application based on the number and

uration of accesses to the different app sections and the partici-

ants’ opinions about it. 

.2. Participants 

A total of 25 experts, who recruited 88 users, participated in

he study. Five users decided not to continue with the study or

xceeded the established time to begin the follow-up period. Our

rotocol required that all participants had to start a quitting at-

empt, conduct a follow-up for three weeks and keep the quitting

ttempt during this period. After applying a hard filter criterion, 37

sers were excluded for the following reasons ( Fig. 2 ): (i) they did

ot fill all the required profile information in the app necessary to

eceive the messages ( n = 11); (ii) they stopped or restarted their

uitting attempt during the follow-up period ( n = 16); (iii) or other

echnical issues which prevented them from receiving the moti-

ational messages. ( n = 10). All these events were planned to be

xcluded in the protocol as they reduced the number of messages

eceived and they affected how the recommender system chooses

nd sends messages. However, we did analyze the incomplete data

btained from these cases, and found that it would have not pro-

ided significant information. 

.3. App behavior analysis 

The data related to the number of visits to each section and the

uration of these visits was collected by the app and stored in the
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Fig. 1. App main sections. Achievements section (1A) reports the estimate of regained life hours from not smoking, both savings and non-smoked cigarettes calculated from 

previous user habits, and the number of days without smoking. Message tray (1B) allows to read and rate the received motivational tips, with a five-star score system. In 

the profile section (1C) the user can see and edit the information and establish a quitting attempt or restart it. Buttons at the top right allow access to the game menu and 

app settings. 
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erver database. This data was used to detect the most used sec-

ions and their visit frequency. The data in the history of section

ccesses was filtered to eliminate outliers. The probability distribu-

ion curve of accesses durations ( Appendix D ) showed that there

ere some abnormal durations reported by our server. These re-

orts broke the Gaussian probability distribution curve that could

e expected for these values otherwise. 

.4. Game playability 

A playability analysis of the games embedded in the app was

arried out using data on game playing time, number of times each

ame was played, and the heuristics proposed by Korhonen and

oivisto [32] . This heuristic model consists of three modules that

nalyze the usability, the mobility and gameplay. The first module

efers to technical factors that allow ease of use; the second is re-

ated to a how a game behaves in diverse environments, and the

hird refers to the game dynamics and those features that make

 game more immersive. The original Korhonen’s heuristics were

nalyzed to elaborate a questionnaire adapted to our app context.

ppendix E shows the questions with the corresponding heuris-

ic from Korhonen’s proposal. Some questions were ruled out be-

ause they were not applicable to the implemented games. Most of

hese were not applicable due to the simple nature of games, the

ack of history and the closed game dynamics –they all have a pre-

et duration– and the final game score consisted of the number of

ailures and successes in CCG and BBG or the number of exercises

erformed in PEG. The heuristic that referred to whether standard

onventions were followed was discarded since it could be confus-

ng for the participants –there were two games with an unusual
laying mode (BBG and PEG) in opposition to CCG, which has a

laying approach like that in many mobile applications–. After this

tep, we analyzed the questions based on whether they could be

nderstood and answered by the users without providing detailed

nformation. From this analysis we considered that there was a set

f four heuristics that could be difficult to understand or in which

 "Yes/No" answer could not provide enough relevant information.

his set was answered only by the experts providing a detailed re-

ponse. With the remaining heuristics we established a second set,

o be answered by all the participants, as “Yes/No” questions. The

uestions of this second set were modified in a final phase to fa-

ilitate their understanding by the users. 

.5. Users’ message satisfaction 

We retrieved the number of read messages and ratings from the

pp, and gave the users a five-level Wuensch [33] satisfaction scale

uestionnaire ( Appendix F ) with values between “Totally disagree”

nd “Totally agree”. The questionnaire was designed to assess the

evel of perceived value in the messages content, the adequacy of

he messages to the user profile, and the messages general satis-

action level. The questionnaire was answered by each user at the

nd of every week for a duration of the study. 

.6. Expert reports 

The experts could optionally provide their own comments high-

ighting positive, negative points and recommendations. The re-

orts were analyzed to extract the main opinions. This approach
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Fig. 2. Consort diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 

Baseline characteristics of the participants. 

Experts Value ( n = 25) 

Academic discipline 

Biomedical engineering 22 

Healthcare sciences 3 

Study level 

Undergraduate (final year student) 21 

Postgraduate 4 

Age in years, mean ± SD 24.32 ± 6.07 

Female, n (%) 11 

Users Value ( n = 45) 

Age in years, mean ± SD 32.18 ± 2.75 

Age category, n (%) 

< 21 years 1 (2.2) 

21–30 years 29 (64.4) 

31–40 years 4 (8.9) 

> 40 years 11 (24.4) 

Female, n (%) 18 (40.0) 

Location, n (%) 

Asia 10 

Europe 35 

Employment situation, n (%) 

Employed 30 (66.7) 

Unemployed 15 (33.3) 

Fagerstrom test result, mean ± SD 2.82 ± 2.32 

Fagerstrom test category, n (%) 

Low addiction level (0–3) 31 (68.9) 

Medium addiction level (4–7) 11 (24.4) 

High addiction level (8–10) 3 (6.7) 

Richmond test result, mean ± SD 5.69 ± 2.64 

Richmond test category, n (%) 

Low or no motivation (0–3) 8 (17.7) 

Uncertain motivation (4–5) 12 (26.7) 

Moderate motivation (4–7) 16 (35.6) 

High motivation (8–10) 9 (20) 

Daily consumed cigarettes, mean ± SD 12.15 ±7.16 

Daily consumed cigarettes category, n (%) 

< 8 cigarettes 12 (26.7) 

8–14 cigarettes 21 (40.0) 

15–21 cigarettes 13 (28.9) 

> 21 cigarettes 2 (4.4) 
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tried to locate important aspects that may have gone unnoticed

with other information gathering methods [34] . 

3. Results 

3.1. Overview 

Table 1 summarizes the sample baseline variables. Users’ mean

age was 32.18 (SD 12.75), with a high percentage between 21 and

30 years old (64%), followed by those users older than 50 (24%).

Two thirds of users were employed. The Richmond test showed

that users had a widely distributed motivation to stop smok-

ing. The Fagerstrom test results, as well as the consumed daily

cigarettes, showed that the sample had a low to medium addic-

tion level. As experts were students and not required to be smok-

ers their smoking data was not requested. 

3.2. Game playability 

3.2.1. Usability heuristics and expert reports 

Fig. 3 a illustrates the questionnaire results as percentages of

positive answers. Regarding the usability module (GQ1 to GQ9),

the mean of “yes” answers were 35.4 (SD 4.0) and 19.1 (SD 2.4)

for users and experts, respectively. Some experts ( N = 3) reported

that the game menu was difficult to find because they considered

the use of an icon button not intuitive. 

We also received detailed explanations for the questions where

the answer was not so positive in order to get information for fu-

ture app improvements. This information is not only useful for fu-

ture improvements in our app, but also for other similar behav-
or change apps and, more specifically, to those that directly target

moking cessation. 

For those questions related to mobility, the number of “yes” an-

wers to the question “I feel comfortable playing anywhere” (GQ11)

nd “no” answers to the question “It does not bother me not to

e able to pause the game” is smaller (GQ12), N = 27 and N = 15,

espectively. Regarding this, experts expressed that BBG and PEG

ere games which couldn’t be used everywhere, and that games

hould have the option to be paused to answer phone calls or

ther situations. 

Considering questions related to gameplay heuristics, only 18

sers and 5 experts answer “yes” to the question “I feel that the

ame adapts to the improvement of my abilities” (GQ15). Most of

sers ( N = 28) and experts ( N = 20) considered the games to be

epetitive and somewhat boring (GQ17). Some of experts ( N = 3)

onsidered the games to be too simple and they highlighted the

ack of difficulty selection options. 

Regarding the expert specific questions, experts expressed some

oncerns over the games in general or related to specific games

 Appendix G ). For the question “The games are visually pleasing”

EGQ1), although some told us that the colors used in CCG and

BG games were pleasant, most considered the games as not vi-

ually appealing, and with few animations ( N = 13,14,16 for CCG,

BG and PEG respectively). The question “The player cannot make

rreversible mistakes” (EGQ2) was answered positively by 21 ex-

erts and they reported the score is not recorded in the application

hen you finish playing and the result of these game plays did not

ave any repercussion in the app. For the question “The player has
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Fig. 3. Results for the questionnaires. Both charts show the percentage of users (and experts, only in 3a.) over the total users ( N = 45 for valid users and N = 25 for experts). 
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ontrol over the game” (EGQ3), most of the experts exposed the

ifficulties they faced to be able to use the game or to perform

ertain exercises. The last question, “The player can express him-

elf in the game” (EGQ4) had very few positive opinions ( N = 3 for

oth CCG and BBG and N = 4 for PEG). 

.2.2. Usage statistics 

Fig. 4 b shows the number of times the games were played as

egistered by the server during the three weeks of the study. In the

rst week the games have been widely used, but from the second

eek the use decreased notably, and it was reduced further during

he third week. The BBG was the most played game, followed by

CG. Additionally, regarding these two games, results showed that

he percentage of games that lasted more over a minute increased

fter the first week. Since these two games were one-minute long,

his indicated that the number of completed games increased from

he second week. 

.3. Message content satisfaction 

The message satisfaction results are presented in Figs. 3 b, 4 c.

or the first week, more than 60% of the answers for 11 out of 18

uestions was ‘agree’ or ‘strongly agree’, and this rate increased in

he last two weeks. The questions, “The messages recommended

y the application were new” (MQ2), “The messages convinced me

ow to get social support from other people during the process of

uitting” (MQ15) and “The messages helped me to prepare actions

o pass through a difficult situation” (MQ17) presented the highest

ates of disagreement (over 30%), with little variation during the

hree weeks (17.0 ± 2.6, 15.7 ± 1.5, respectively). Regarding the data

ollected from the application more than 68% of the message rat-

ngs (602/880) had four stars or more, and less than 20% (108/880)

ere rated with one or two stars. 
.4. App behavior analysis 

Accesses to the remaining sections of the app are included in

ig. 4 a. These accesses were considerably fewer in the second and

hird week. The achievements section was the most frequently ac-

essed, with an average of 3 uses per day in the first week, and a

aily access during the second and third week. The message tray

as the next most used section, with 2 accesses per day in the

rst week, and less than one daily access for the remaining weeks.

ost visits did not last more than 15 s for these sections, with

ean duration values between 5 and 7 s for the message tray and

rofile sections, and between 4 and 5 s for the achievements sec-

ion. 

.5. Expert reports 

N = 15 experts (60%) contributed with additional comments.

hese reports were analyzed, extracting the most frequent top-

cs ( Appendix H ). Regarding games, the most frequently positive

omments were the ease of understanding of the game dynam-

cs ( N = 4) and the fact that games did not get stuck ( N = 3). Some

xperts considered that games were boring ( N = 4), too simple

 N = 3), and with no option to pause them as the main negative is-

ues ( N = 3). It was considered that the games didn’t help the users

o avoid smoking ( N = 3). There were suggestions to improve the

udiovisua features ( N = 2), to register the points won, to improve

he engagement by modifying the game dynamics ( N = 4), and to

dd auxiliary options such as game pause ( N = 3) and difficulty se-

ection ( N = 2). 

Regarding the application, the main positive comments men-

ioned were that the achievements section had a motivational

nfluence ( N = 7), the message tray section was understandable

 N = 6), and the application was simple ( N = 6) and easy to use

 N = 4). The negative aspects were varied, and experts didn’t agree

uch on them. The most common remark considered the games
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Fig. 4. Statistics extracted from server database. 
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difficult to find in the app because the game menu access button

was not intuitive ( N = 3). There were also some problems in receiv-

ing the messages in specific devices ( N = 3). 

4. Discussion 

4.1. Principal findings 

Questionnaires results and expert reports revealed that the

games features presented good usability. On the other hand, some

issues that affect the playability and mobility were detected. In

our app, the repetitive dynamics, lack of difficulty level selection

and pause option were the main problems mentioned for their

modification or implementation. Some of these characteristics to-

gether with the improvement of audiovisual features make these

games more attractive for the users, according to [35] . Although

BBG was considered novel and entertaining, it was difficult to con-

trol on some smartphone models. This is due to varied technical

specifications and the difficulties to recognize blowing in different

environments [36] . CCG had the highest degree of retention. This

fact reinforces the results obtained in [28] from which the game

was designed. It is very important to consider that the games do

not aim to engage the user, as is the case with common mobile

games, but they are only a distraction to resist tobacco cravings

[28] . Therefore, the addition of features that increase the engage-

ment to the games but not to the application itself may not sup-

port the users during their quitting attempts. Games must be kept

simple, but they should also be attractive enough to be able to dis-

tract the user during the craving [37] . Thus, adding extra features,

as suggested by several experts, may not be a good idea and is a

topic that requires further study. 
The responses to the questionnaires as well as the usage

ecords showed a high degree of satisfaction with the motivational

essages. Several users considered that the message information

as not new and did not provide advice on finding social support

r facing craving moments. This may be related to the short time

stablished for the study, as a large part of the users have not re-

eived messages dealing with this topic. This is a well-known issue

alled cold start problem [38] that usually affects recommender

ystems. 

The most used sections were achievements and message tray.

owever, the number of accesses decayed in the second week. This

ould well be a consequence of a decreasing user adherence [39] ,

robably since recruited users were not required to be willing to

uit smoking. Most experts considered the app easy to use and

nderstandable, but they pointed out that it was difficult to find

ow to access the game menu. 

Overall, the set of methods used for this study revealed impor-

ant information about usability, content satisfaction and useful-

ess. Health-related behavioral interventions through smartphones

re increasingly popular, including smoking cessation [40] How-

ver, the use of recommender systems to tailor the messages

n m-health is recent and there are few specific studies about

hem [41,42] . The method used in this study to assess the per-

eived value complements the analysis of efficiency by identify-

ng influential factors. Games may provide a valuable aid in be-

avior change interventions, and specifically in smoking cessation

43] . Therefore, researches with their own implementation ns are

merging [5,44] . The heuristics set can assess the usability and

layability of this kind of games. Thus, the applied methodology,

re adequate to analyze the usability and satisfaction of mHealth

pps to support smoking cessation programs, with different ques-

ionnaires depending on the implemented functionalities. 
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.2. Limitations 

The data from 21 users was discarded due to technical prob-

ems that were perceived by the lack of recorded data and by re-

orts provided by the experts. Part of these cases may be due to

ompatibility problems with the mobile devices used. During the

mplementation, the application was tested for compatibility with

everal official versions of Android, starting with Android 4.4 Kit

at as this is the first version that supports the required notifi-

ations. The high number of unofficial Android versions makes it

ifficult to create applications that are compatible with all exist-

ng devices. In addition, it should be noted that the installation of

he application was made without the use of Google Play which

anages the compatibility of applications with different devices.

ost of users with similar profiles did receive messages, which in-

icates that the problem is not related to any user characteristic

ut lies mainly in the communication and reception of messages.

uring the implementation, some tests showed that the reception

f messages could be blocked if the application was stopped by the

obile operating system to reduce power consumption. The An-

roid power management varies according to the OS version and

ainly the additional software provided by the device manufac-

urer. To prevent the application from being turned off, the users

ad to configure their device, and this task is different depending

n the device. This clearly indicates the need to provide guidance

n this topic at least for the most common devices. 

Although the results of the questionnaires indicated, in some

ases, that the games have been blocked, the comments of the ex-

erts saying the opposite suggested that the question on the ques-

ionnaire had been misinterpreted because it should have been for-

ulated in a clearer way. 

Regarding the motivational messages, some users indicated that

he received messages contained similar information. This issue is

elated to the implemented recommendation system, which ini-

ially considers only the user’s profile data when it does not yet

ave enough message rating information, in order to solve the cold

tart problem. Therefore, in the initial weeks some users can re-

eive similar messages if the subject fits the user profile. The users

ill receive more varied contents better adapted to their prefer-

nces as they rate previous messages. 

The application was designed for users who really wanted to

uit smoking. The perceived value and application adherence are

actors that may have been reduced considering that, in the study

ample, users’ motivation to quit smoking, among other smoking

elated variables, is very varied. This is clearly related to the par-

icipants selection approach. 

. Conclusions 

The games in the app have a good usability. The game menu

hould be easier to find and clearly indicate its aim to the users.

he expert reports revealed issues that explained the results ob-

ained in questionnaires and that can be used to improve this ap-

lication and others with similar objectives. 

The messages have a good acceptance, but currently can be un-

eliable in some devices due to technical reasons related to their

ystem configuration. To solve this, it could be necessary to pro-

ide the users with a guide regarding the necessary changes to

heir system configuration. 

Although the use of the application has been moderate, the co-

ort of analyzed users does not present a great interest in quitting.

hus, better results are expected for the project’s target audience. 

This study presents a methodology that can be employed to as-

ess health related mobile applications with similar functionalities,

pecifically in the context of smoke cessation programs. We con-

ider that the methodology has demonstrated to be good enough
o discover issues, which can be used to improve user’s perceived

alue and satisfaction and the general application usability, given

he quality and quantity of findings in this small study. 

eclarations 

thics approval and consent to participate, and consent for 

ublication 

The study was approved by the ethics committee of TMU Joint

nstitutional Review Board (TMU-JIRB N201803083). 

vailability of data and material 

The code repository can be accessed from: https://github.com/

ranciscoLunaPerejon/quit _ smoking _ app _ ux _ study 

uthors’ contribution 

FLP led, coordinate and wrote the manuscript, contributed to

esign the study and to develop the methodology, unified the

ata, contributed to extract the information from the database and

ithin tables and images contents. 

SK, CS, JC contributed to design the study and to develop the

ethodology, managed the training of experts in the protocol,

ollected the individual information of each institution, and con-

ributed in the manuscript writing. 

DCC supported in the development of the methodology regard-

ng the games’ heuristics, supplied statistical data analysis and re-

iewed the paper. 

SHF supported in the development of the methodology regard-

ng the messages evaluation and reviewed the paper. 

AC, SA, PB, EK, YCL reviewed the paper, validated the method-

logy, and facilitate the publication 

unding 

This project has received funding from the European Union’s

orizon 2020 research and innovation program under grant agree-

ent No. 681120 . The Taipei Medical University is funded by the

inistry of Science and Technology, Taiwan , under the Grant No.

06-2923-E-038-001-MY2 . 

eclaration of Competing Interest 

Salumedia Tecnologías contributed to the development of the

oftware system used in this study. The authors declare no conflict

f interests. 

cknowledgments 

We acknowledge the students their role as experts. They are

yah Ika Krisnawati, Esti Nurwanti, Yen-Liang Lee, Muhammad

ardhyanto Puspowardoyo from TMU; Aichan Bozoglou, Odysseas

omvardeas from AUTH, and Juan Carlos Rodriguez, Anabel Ortiz,

iguel Ángel Cabrera, Carlos Capitán, Jaime Guillermo Guerra, Ana

elia Vélez, Catalina González, Pedro Rodriguez, María Macarena

ópez, Dennis David Pérez, Claudia Galindo, Paula Navarro, Álvaro

ago, Sarah Martí, José María Portillo, Marta López, Alba Delgado,

nrique Domínguez, Ignacio Bellón from USE. We acknowledge Mr.

antiago Hors-Fraile for their valuable support reviewing prelimi-

ary versions of this paper. 

https://github.com/FranciscoLunaPerejon/quit_smoking_app_ux_study
http://dx.doi.org/10.13039/501100007601
http://dx.doi.org/10.13039/501100004700
http://dx.doi.org/10.13039/501100003711


8 F. Luna-Perejon, S. Malwade and C. Styliadis et al. / Computer Methods and Programs in Biomedicine 182 (2019) 105042 

y 

rovided in the device and install it. 

 in the app to register it in the system. 

aining nickname, gender, date of birth and date of smoking initiation. 

rom test). 

ond test). 

taining weekly tobacco expenditure (quantity and currency) and daily 

oking Now!” and set the date of beginning. 

ticipants 
Appendix A. Procedure to establish a correct session in the stud

Table A1 

Steps provided to establish a correct session in the app. 

0. Install the application Download the apk file p

1. Create a user Follow the steps indicated

2. Fill the profile forms Fill the following forms: 

- Demographic form cont

- Addiction level (Fagerst

- Motivation level (Richm

- Smoker habits form con

smoked cigarettes. 

3. Establish a quitting attempt date Select the option “Quit Sm

Appendix B. Message Satisfaction questionnaire provided to par
Sa�sfac�on ques�onnaire for users about the messages of the mobile applica�on in SmokeFreeBrain.

Please select one of the following 5 op�ons for each statement. Please, respond with total sincerity, 
the ques�onnaire is anonymous, and voluntary. The ethical commi�ee of the virgen del Rocío de 
Sevilla (Spain) has approved this ques�onnaire on July 12, 2017 with code: SFB-APP_EC-2016-01. 
Please, the ques�ons that you think do not apply to your situa�on, select the op�on:
“Neither in agreement or in disagreement”.

1. ”The messages that the applica�on recommended to me fit my interests”

Totally disagree disagreement Neither in 
agreement nor 
in disagreement

Agree Totally agree

2. "The messages recommended by the applica�on were novel” 

Totally disagree disagreement Neither in 
agreement nor 
in disagreement

Agree Totally agree

3. "The messages that the applica�on recommended to me were diverse "

Totally disagree disagreement Neither in 
agreement nor
in  
disagreement

Agree Totally agree

4. "The appearance of the message tray was adequate"

Totally disagree disagreement Neither in 
agreement nor 
in disagreement

Agree Totally agree

5. "It was easy to tell the system if I liked the messages or not”

Totally disagree disagreement Neither in 
agreement nor 
in disagreement

Agree Totally agree

( continued on next page ) 
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( continued ) 

6. “I felt in control of modifying my profile of interests” 

Totally disagree disagreement Neither in 
agreement nor in
disagreement  

Agree Totally agree

7. "I became familiar with the messaging system very quickly "

Totally disagree disagreement Neither in
agreement nor in
disagreement   

Agree Totally agree

8. "I understood why they recommended me the messages they sent me " 

Totally disagree disagreement Neither in
agreement nor in
disagreement   

Agree Totally agree

9. "The messages gave me good sugges�ons"

Totally disagree disagreement Neither in
agreement nor in
disagreement   

Agree Totally agree

10. "In general, I am sa�sfied with the messages" 

Totally disagree disagreement Neither in
agreement nor in
disagreement   

Agree Totally agree

11. "I can trust the messages " 

Totally disagree disagreement in Neither 
agreement  nor 
in disagreement

Agree Totally agree

12. "The messages convinced me that I was at risk of health problems if I went back to smoking"

Totally disagree disagreement Neither in
agreement nor
in disagreement  

Agree Totally agree

13. "The messages convinced me that smoking was a dangerous habit"

Totally disagree disagreement Neither in  
agreement  nor 
in disagreement

Agree Totally agree

( continued on next page ) 
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( continued ) 

14. "The messages convinced me of the benefits of qui�ng " 

Totally disagree disagreement Neither in  
agreement  nor 
in disagreement

Agree Totally agree

15. "The messages convinced me about how to get social support from other people
during the process of qui�ng "

Totally disagree disagreement Neither in  
agreement  nor 
in disagreement

Agree Totally agree

16. "The messages helped me to feel confident that I could successfully quit tobacco"

Totally disagree disagreement Neither in  
agreement  nor 
in disagreement

Agree Totally agree

17. "The messages helped me prepare ac�ons to cope with difficult situa�ons”

Totally disagree disagreement Neither in  
agreement  nor 
in disagreement

Agree Totally agree

18. “I would recommend to friends who smoke to use the recommenda�ons of the messages”

Totally disagree disagreement Neither in 
agreement  nor 
in disagreement

Agree Totally agree
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A

 of the mobile applica�on in SmokeFreeBrain

.
onnaire is anonymous, and voluntary.

n during the game

led the game

ns

in unnecessary informa�on

 understand the dynamics of the game

 previous ac�ons to start playing
ppendix C. Game questionnaire provided to participants 

Mini-games usability ques�onnaire for users

Please select "yes" or "no" for each statement
Please, respond with total sincerity, the ques�

1. Sound and images support me in the game

Yes No

2. The informa�on shown is appropriate

Yes No

3. I can see clearly the informa�on that is show

Yes No

4. The terminology used is understandable

Yes No

5. I can access games quickly and intui�vely

Yes No

6. It was easy for me to adapt to the way I hand

Yes No

7. The game correctly informs me of my ac�o

Yes No

8. The instruc�ons of each game do not conta

Yes No

9. The instruc�ons of each game are useful to

Yes No

10. I do not waste a long �me or perform many

Yes No

11. I feel comfortable playing anywhere

Yes No
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14. The way the results are shown helps me to know my progress

Yes No

15. I feel that the game adapts to the improvement of my abili�es

Yes No

16. My first experience encouraged me to con�nue playing

Yes No

17. The game is repe��ve and boring

Yes No

18. The game doesn’t get stuck

Yes No

19. The response of the game is always what would be expected

Yes No

Mini-games usability ques�onnaire for experts of the mobile applica�on in SmokeFreeBrain

Experts should answer all the ques�ons above and the following. They must give a cri�cal
answer about them  

1. The games are visually pleasing
2. The player cannot make irreversible mistakes

12. It does not bother me not to be able to pause the game

Yes No

13. The game provides clear objec�ves

Yes No

atabase 

ds to main sections, the analysis of the frequency of accesses showed 

1 ). The analysis of access with higher durations showed the most of 

lysis, the lower threshold was set in 50 milliseconds and the higher 

 in CCG and BBG with values close to 65 s in the range between 60 s 

ed, there were several game plays with a duration lower than 5.5 s and 

l distribution associated to PEG game plays. This game can last several 

threshold was set in 50 milliseconds and the higher threshold was set 

ld for PEG. 
Appendix D. Methodology used to filter data registered in the d

We set two thresholds to eliminate atypical values. With regar

there were not a Gaussian distribution in data recovered ( Fig. D

accesses had a duration up to 40 s ( Fig. D2 ). Based on this ana

threshold was set in 40 s. 

Regarding to game plays, a gaussian distribution was perceived

and 70 s ( Figs. D3 , D4 ). However, if consider all game plays register

between 70 s and 80 s, especially with BBG. There was no norma

minutes depending of the user. Considering the results, the lower 

in 80 s for CCG and BBG games plays. We did not consider thresho
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Fig. D1. Distribution of main section accesses with duration interval of 500 milliseconds. 

Fig. D2. Distribution of main section accesses with duration interval of 7 s. 

Fig. D3. Distribution of game plays with a duration interval of 1.5 s. 



14 F. Luna-Perejon, S. Malwade and C. Styliadis et al. / Computer Methods and Programs in Biomedicine 182 (2019) 105042 

Fig. D4. Distribution of game plays with a duration interval of 10 s. 

 

s support me in the game 

hown is appropriate 

the information that is shown during the game 

used is understandable 

s quickly and intuitively 

e to adapt to the way I handled the game 

ly informs me of my actions 

of each game do not contain unnecessary information 

of each game are useful to understand the dynamics of the game 

long time or perform many previous actions to start playing 

 playing anywhere 

r me not to be able to pause the game 

s clear objectives 

lts are shown helps me to know my progress 

e adapts to the improvement of my abilities 

ce encouraged me to continue playing 

titive and boring 

 get stuck 

he game is always what would be expected 

sually pleasing 

t make irreversible mistakes 

ntrol over the game 

press himself in the game 
Appendix E. Game questionnaire encoding 

Table E1 

Questionnaire based on playability heuristics for mobile games.

Question Heuristic associated in [16] 

GQ 1 GU1 Sound and image

GQ 2 GU3 The information s

GQ 3 GU4 I can see clearly 

GQ 4 GU5 The terminology 

GQ 5 GU6 I can access game

GQ 6 GU8 It was easy for m

GQ 7 GU9 The game correct

GQ 8 GU11 The instructions 

GQ 9 GU12 The instructions 

GQ 10 MO1 I do not waste a 

GQ 11 MO2 I feel comfortable

GQ 12 MO3 It does not bothe

GQ 13 GP1 The game provide

GQ 14 GP2 The way the resu

GQ 15 GP5 I feel that the gam

GQ 16 GP6 My first experien

GQ 17 GP8 The game is repe

GQ 18 GP11 The game doesn’t

GQ 19 GP12 The response of t

EGQ 1 GU2 The games are vi

EGQ 2 GU10 The player canno

EGQ 3 GP4 The player has co

EGQ 4 GP9 The player can ex

Appendix F. Message satisfaction questionnaire encoding 
Table F1 

Satisfaction questionnaire about the messages. 

Question 

MQ 1 The messages recommended by the application fit my interests 

MQ 2 The messages recommended by the application were new 

MQ 3 The messages recommended by the application were diverse 

MQ 4 The appearance of the message box was adequate 

MQ 5 It was easy to tell the system if I liked the messages or not 

MQ 6 I felt able to modify my profile of interests 

MQ 7 I became familiar with the messaging system very quickly 

MQ 8 I understood why they recommended me the messages they sent 

MQ 9 The messages gave me good suggestions 

MQ 10 In general, I am satisfied with the messages 

MQ 11 I can trust the messages 

MQ 12 The messages convinced me that I was at risk of health problems if I smoke again 

MQ 13 The messages convinced me that smoking was a dangerous habit 

MQ 14 The messages convinced me of the benefits of quitting 

MQ 15 The messages convinced me how to get social support from other people during the process of quitting 

MQ 16 The messages helped me to feel confident that I could successfully quit tobacco 

MQ 17 The messages helped me prepare actions to pass through a difficult situation 

MQ 18 I would recommend to friends who smoke to use the recommendations of the messages 
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A

%) Main positive reasons Main negative reasons 

∗The colors used in both 

crashing cigarettes and blow 

balloon games are visually 

pleasing 

∗Lack of animations makes the 

games unattractive 
∗Game about physical exercise 

have low quality and very 

dark images 

00) 

00) 

0) 
∗The results of a game are 

neither stored in the app and 

this doesn’t affect in the 

future 

∗If the player makes an error 

during the game, it is 

irreversible 
∗ It is not possible to go back 

to a previous exercise in the 

physical activity game 

00) 

00) 

00) 
∗The player can see the 

punctuation and time during 

the game 
∗The player can choice if start 

or skip each exercise in the 

physical activity 

∗It isn’t possible to stop the 

Crash Cigarettes and Blow 

Balloon games 
∗The Blow Balloon game 

doesn’t seem to work 

appropriately depending of 

the mobile phone 
∗In the crash cigarettes game, 

the cigarettes disappear too 

fast in the last seconds 
∗Some physical exercises need 

tools to be carried out 
∗The physical exercises can’t 

retry individually. 
∗The physical activity game 

doesn’t indicate how many 

exercises are left 

00) 

00) 

00) 
∗The physical activity game 

allows body expression 
∗The player can think on 

different methods to solve the 

games 

∗The games have linear 

mechanics and they do not 

give the player the option to 

express themselves 

0) 

0) 

0) 

A

Negative N 

The access to the games is hidden 3 

There are message receiving problems 3 

Negative N 

The games are boring 4 

Don’t get to support during quitting attempt 3 

The games are very simple 3 

Negative N 

The information isn’t motivating 4 

The information isn’t attractive 3 
ppendix G. Experts opinions 

Table G1 

Opinions from experts for the questions on games. 

Question (heuristic) Yes, n (

EGQ1 GU2 The games are 

visually pleasing 

Blow balloon 12 (48,

Crash cigarettes 11 (44,

Physical activity 9 (36,0

EGQ2 GU10 The player cannot 

make irreversible 

mistakes 

Blow balloon 21 (84,

Crash cigarettes 22 (88,

Physical activity 21 (84,

EGQ3 GP4 The player has 

control over the 

game 

Blow balloon 10 (40,

Crash cigarettes 13 (52,

Physical activity 12 (48,

EGQ4 GP9 The player can 

express himself in 

the game 

Blow balloon 3 (12,0

Crash cigarettes 3 (12,0

Physical activity 4 (16,0

ppendix H 

Table H1 

Experts’ critical opinions. 

Opinion about the app 

Positive N 

The rewards section is motivational 7 

The message section understandable 6 

The interface is simple 6 

The application is easy to use 4 

Opinion about the games 

Positive N 

The games are understandable 4 

The application doesn’t get stuck 3 

Opinion about the messages 

Positive N 

The information is motivating 5 

The information is varied 3 
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