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Abstract: Aim: The main purpose of this feasibility study was to estimate compliance and acceptability rate of a 9-Steps mobile app preparation program. Subsequently, to assess its impact regarding
attitudes towards smoking cessation. Methods: The program was only available on versions above
iOS 13.3. The ecological study collected user’s data via the app from 04/07/2021 to 28/07/2021. Results: A total of 2331 ecological users completed onboarding; 1926 users (73.9%) completed the step
0 and only 265 users continued in step 1. On average, participants actively engaged with intra-steps
activities (85,1%). Most users were highly satisfied at the end of each step. On average 86% found
the content of each step comprehensive and relevant. Mann-Whitney tests demonstrated positive
changes in attitudes toward smoking cessation on the less confident users: willing (3 to 5, p <.05);
confidence (3 to 5, p <.001) and readiness to quit (3 to 5, p <.001). Conclusions: This ecological study
corroborates the expected dropout between first use and regular use of health mobile apps. However, engagement and satisfaction rates support the feasibility and acceptability of a 9-step preparation program. Additional research is needed to better understand determinants of regular use of
mobile apps and its impact on the target behavior.
Keywords: Smoking cessation; digital therapeutics; behavior change techniques; feasibility; engagement, preparation phase; attitudes toward change, functionality

1. Introduction
Although the smoking rate is declining worldwide (from 22.7% in 2007 to 17.5% in
2019), more than 1 billion people continue to smoke [1]. Support is needed to help 60% of
smokers intending to quit and 40% of those trying to quit during the year [1]. In addition
to the already known health harms caused by smoking, such as cancer [2] and cardiorespiratory diseases [2, 3], smoking has been reported to be an independent risk factor
for COVID-19 progression, including mortality [4].
There are two main categories of effective treatments for smoking cessation: pharmacotherapy and psychological interventions [5], although according to WHO, only 18% of
the population would have access to effective treatments [6]. Combining pharmacotherapy with behavioral intervention has been shown to increase the odds of remaining
smoke-free at six months by 70% to 100% compared to usual care or minimal intervention
[7]. The inclusion of several therapeutic principles is, in fact, one of the advantages of digital health intervention like m-health apps [8–10]. It allows the user to foster a sense of
responsibility and commitment to their health by, for example, tracking their nicotinic
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substitutes and, at the same time, having access to cognitive and behavioral treatment
based on psychologic principles that have already been proven to be effective.
Another advantage of mobile applications is the ability integrating gamification principles or playful elements [11], such as points and rewards accumulated according to the
achievement of specific objectives or levels or sharing one's successes with friends or on
social networks.
The main interest of using this gamification strategy in an application is to reinforce
the user's engagement in the long term by making the activities more fun and enjoyable
[12–14]. The ability to share results also develops a certain sense of challenge that motivates users to go further, increases their self-esteem and pride in their accomplishments[15]. It is also known that playful elements promote learning new skills and
knowledge [14, 16]. This approach increases the chances of successful cessation as shown
in a study using Kwit [17]. Also, another study showed that mobile applications, increase
user’s motivation and sense of self-efficacy of users in the cessation process, which increases the chances of success [18]. Indeed, motivation and a sense of self-efficacy (confidence in one's abilities) are important determinants of successful cessation[19–22].
Mobile apps can be an essential lever to promote smoking cessation, and to access effective treatments as almost 70% of the world's population own a smartphone and internet
access [23], and the use of mobile apps to quit smoking would increase the probability of
maintaining smoking cessation by almost 25%[24]. Nevertheless, even if an app includes
all the therapeutic guidelines, it cannot be effective if it is not used regularly [24]. As in
any treatment, "adherence to therapies is an important determinant of treatment success"[25]. Indeed, understanding how users engage in their own health treatment and
choose to interact regularly with apps is a current challenge for mobile apps in general
[26] and m-health apps [27]. Therefore, it is essential to identify and assess the main factors that favor the use mobile apps for smoking cessation. To this end, the various research methods should ensure ecological validity and ensure that the behavioral responses obtained represent the natural behaviors of people who want to quit smoking
with the help of a mobile app [27].
1.4. Present Study
The present study is part of a larger project that aims to identify the key factors that
determine the regular use of mobile health apps and their use on the targeted behavior.
For the project, we developed a 9-step mobile app preparation program for smoking cessation. Moreover, the main objective of this study is to determine whether the program is
ready to be used and tested in a real-world context. We want to anticipate major technical
issues that may affect the implementation of the leading project and explore three central
questions:
1) How many “organic users” (which we define as “users who voluntarily and independently download the application, without paid advertising campaign”) are
willing to prepare their smoking cessation process with a mobile app?
2) How many “organic users” will engage with the program, knowing that a big
dropout is expected between the first and the second use of any mobile app [26]?
3) How relevant is the evidence-based content proposed to users’ experience? Do
they think the program content is clear and relevant to their smoking cessation
process? Besides, users' perception of content understandability and relevance
may explain a loss of engagement towards the program [28]
Subsequently, we want to explore how the program affects users' attitudes toward
smoking cessation. We expect the completion of the program will have a positive impact
as it has been the case in other interventions [24].
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2. Materials and Methods
2.1. Study design
This prospective and observational study was conducted in an ecological context from
07/04/2021 to 07/28/2021. For this feasibility study the program was only available on
versions above iOS 13.3. Organic users downloaded Kwit mobile app, and after finishing
the onboarding process leading to the preparation program, user’s data started to be
collected. No compensation was proposed to the users for participating in this study.
Participants were aged of 18 years and above, French or English speaking, owned and
used a compatible smartphone (iOS 13.3 and above) with regular internet service to access the program. Participants created an account that pseudonymizes their personal
information. Only data pre-required for the study was exported to be analyzed, as detailed thereafter.
2.1.1 Consent and Ethical Approval
This feasibility study is part of a prospective study which aims to identify key determinants of smoking cessation mobile apps use among smokers seeking to quit.
The protocol study has been validated by the local French Ethical Committee (SouthEast) on March the 25th, 2021. The Research Identification Number is 2020-A02733-36, and
the reference of the committee is CPP 20.10.02.44945. This study is also in accordance with
the ethical principles of the Declaration of Helsinki.
2.1.2 Onboarding
The onboarding journey (see Supplementary Figure 1) consists in six screens leading
to an account creation. Users are asked for a pseudonym, the stage of change they are at,
current tobacco habits (number of daily cigarettes smoked, number of cigarettes per pack,
and its price). Participants who created their account and identified themselves as being
in preparation stage (from Prochaska and DiClemente model of change theory) were proposed to pay for the premium version, and if they didn’t want to access the paid premium
version, they had direct access to the free version of the program.
The free version of the program is composed of four steps: Step 0, Step1, Step 2 and
the final Step 8. Once free users have finished the step 8, they have access to the free version of the current Kwit app.
At any time, users could acquire the premium version giving them access to the complete 9-step program.
2.1.3 Kwit preparation program
Kwit preparation program is the result of two years of R&D, as part of a PhD thesis, in
collaboration with the UPN, University of Paris-Nanterre. The program was created by a
team composed by a user experience designer, three software developers with at least 10
years of experience, a researcher in public health and clinical research, as well as a cognitive and behavioral psychologist and PhD student.
Users had access to a pilot version of the program with all steps described in Table 1.
Within each step, an informative screen presented the main theme to be treated, followed
by a list of activities to be unblocked (see Supplementary Figure 2). At the end of the step
user are brought back to the dashboard menu. Each step’s activity was presented as follows: a first informative screen, followed by the interactive screens’ activity, then with
personalized feedback and ended back on the dashboard screen. The version of the program used in this study does not have a gamified layer in which users gain points at the
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end of each activity, nor educational reading contents which will be published in further
versions.
The 9-step Kwit’s preparation program has been developed for commercialization
and designed for direct delivery as a mobile app intervention on Apple and Google Stores.
This program is based primarily on cognitive and behavioral therapy for smoking cessation and inspired on dialectical and behavioral therapy, motivational interviewing, and
self-determination theory.
The detailed content of each step is described as follows: the step 0 is about becoming
aware of one's motivations to commit to the change process (smoking cessation). The step
1 is about learning to observe oneself and the unwanted behavior; to create a baseline of
what needs to be changed and easily acknowledge the evolution. To do so, in step 2 the
program highlights the importance of understanding what prompts the unwanted behavior and start advising to use new behavioral strategies. The step 3 is about describing the
unwanted behavior according to its short-term benefits (pleasure or relief). The fourth
step invites users to experience the change they feel able to make on the 24-hours period.
The three next steps are about learning new strategies to cope with the three dependence
types. The final step invites users to define a quit date and acknowledge the cognitive
barriers to quit. The whole program encourages being kind to oneself when slips and relapses occur and celebrate each small step towards the desired change. Table 2 details this
behavioral change program according to Michie’s taxonomy [29].
Table 1. Overview of Behavioral and Cognitive Techniques and goals presented in
the 9-step Kwit’s preparation program.
Name of Step

Main goal

Identify personal
Step 0 (S0):
values and motiDefining what is
vations to quit
important
smoking

BCTs label*

Definition

Commitment

Ask the person to affirm or reaffirm statements indicating commitment to change the behavior data.

Observe current Instruction on how
Advise or agree on how to perform the behavior in the
consumption
to perform a beStep 1 (S1):
app: craving log and meditation exercise
habits through
havior
Adopting an obthe recording of
server attitude
Self-monitoring of Establish a method for the person to monitor and record
cravings during a
the behavior:
their behavior as part of a behavior change strategy.
typical day.
Information about Provide information about antecedents that reliably preantecedents
dict performance on the behavior.
Step 2 (S2):
Observe of past
Understanding
consumption
my past journey
habits

Re-attribution

Elicit perceived causes of behavior and suggest alternative explanations.

Restructuring the Advise to change the physical environment to facilitate
physical/social en- performance of the wanted behavior or create barriers to
vironment
the unwanted behavior
Step 3 (S3):
Acting with
awareness

Classify of cravings between

Instruction on how
Advise or agree on how to perform the behavior in the
to perform a beapp: craving classification.
havior
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anchored and reMonitor and provide informative or evaluative feedback
Feedback on beflex cravings.
on performance of the behavior (frequency, duration, inhavior
tensity, context).
Goal setting (behavior)
Step 4 (S4):
Experiment goal
Exploring my resetting
sources
Action planning

Step 5 (S5):
Understanding
the interaction

Step 6 (S6):
Creating the life,
I want to live in

Step 7 (S7):
Exploring
my beliefs

Set or agree on a goal defined in terms of the behavior to
be achieved (smoking consciously, cessation of flexible
cravings, cessation of all cravings).

Define specific context, frequency, duration, or intensity
for the behavior (24h, based on past consumption)
Review behavior goal(s) and consider modifying goal(s).
Review behavior
This may lead to resetting the same goal, a small change
goal(s)
in that goal or setting a new goal instead.
Regulation by
Provide or encourage the use of or adherence to drugs to
Learn about
pharmacological
facilitate behavior change.
physical dependsupport
ency
Assess nicotine deFagerström Test for Nicotine
pendency
Prompt rehearsal and repetition of an alternative behavHabit reversal
ior to replace an unwanted habitual behavior.
Behavior substitu- Prompt substitution of the unwanted behavior with a
Learn about
tion
wanted or neutral behavior.
behavioral deAvoidance/reducpendency
ing exposure to Advise on how to avoid exposure to specific social and
cues for the behavcontextual cues.
ior

Learn about
psychological dependence

Self-identification
Advise the person to construct a new self-identity as
with changed be- someone who used to engage with the unwanted behavhavior
ior

Prompt rehearsal of the performance of the behavior or at
Behavior rehearsal a time when the performance may not be necessary (how
to say non to a cigarette).
Draw attention to discrepancies between current or past
Incompatible bebehavior and self-image, to create discomfort (includes
Step 8 (S8):
liefs
‘cognitive dissonance’)
Define my quit Define quit date
Identity associated Advise the person to construct a new self-identity as
date
with changed be- someone who ‘used to engage with the unwanted behavhavior
ior’
2.2. Outcome Variables and Measurement
Four different types of response categories were used: Visual Analogue Scale (VAS
slider) (see Figure 3a), multiple-choice questionnaires (see Figure 3b) and Event Assessment (“a method of data collection whereby a recording is made each time a predefined
event occurs”) [30]. Visual Analogue Scale was used to measure motivation level. Multiple-choice questionnaires were used to measure satisfaction, motives to quit and motivation type. And Event Assessment was required to measure all engagement metrics.

2.2.1. Engagement
User’s engagement was assessed through four metrics.
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Program completion and follow-up rate: the proportion of users who complete the
program from first use (S0) to the final in-app activity (S8) and, who independently
continue logging on the app upon competition of the program.



Inter-step completion rate: the proportion of users who moved from one step to their
immediate next step. Two metrics were measured, as recommended [31], the intention-to-treat (ITT) completion rate, which refers to the proportion of the initial sample accessing at each step, and the per-protocol (PP) completion rate, which refers to
the proportion of users from one step passing through to the next step.



Intra-step completion rate: the proportion of users who accessed and finished each
activity proposed inside each step.



Time completion: the days required for users to complete the program.

2.2.2. Satisfaction toward app content
Users answered a survey to assess understandability and relevance of each step content. The question was presented as follows: “You have finished Step X. How would you define
it?”, with those three options: “Understandable and relevant; Understandable but irrelevant;
Not understandable and irrelevant”.
2.2.3. Motivation
Three self-reported metrics of motivation were measured: motives to quit, motivation
type, motivation level.
Motives to quit smoking was assessed through users’ in-app selection of one of five
proposed reasons in the app: health, well-being, economy, family, and baby project.
Motivation type was assessed through an ad hoc 18-items questionnaire based on
self-determination theory. The questionnaire is validated (article in preparation). The
items are divided into six subscales corresponding to the different types of motivation:
Amotivation, External, Identified, Integrated, Introjected, Intrinsic. A Mixed motivation
profile was defined when no clear trend emerged from the individual’s results. The participants indicate on a Likert-type scale ranging from 1 (Does not correspond at all) to 5
(Corresponds exactly), to what extent they agree or disagree with each of the items.
Motivation level was assessed through a visual analogue scale of three questions
measuring willingness, ability, and readiness to quit. Users could move the cue from 1
(the minimum score) to 10 (the highest) for each of the following questions: “To what extent
is change a priority for you right now?”, “To what extent are you confident in your ability to
change right now?”, “To what extent do you feel ready to take action?”.
2.3. Data collection and Statistical Analyses
Participants created an account that pseudonymized their personal information.
Data were collected electronically through participant input throughout the preparation
program (downloaded directly from users). Pseudonymized study data were imported
into a secure database (Firebase, Google Cloud Services) and only previously defined
variables were exported to be analyzed on R-Studio version 1.4.1106.
Descriptive analyses were used to analyze engagement, satisfaction, and motivation measures. The Mann-Whitney test was used to determine if there was a significant
impact of the program on motivation status and the Chi-square tests for comparing frequencies.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2021

doi:10.20944/preprints202109.0245.v1

7 of 17

3. Results
A total of 2331 users started the preparation program, 61% (n = 1379) had the French version and 39% (n = 952) the English version. 2149 were free users and 182 were premium
users.
3.1. Engagement toward app use
Table 2 presents the completion rate evolution for each activity of the preparation
program, in terms of: intra-step completion rate and inter step completion rate by intention-to-treat and per protocol.
Table 2. Quantity and proportion of participants starting and completing each step by those who
onboarded (n= 2331).

Step

Activity

Started

Completed

ITT inter-

PP

step

inter-step

completion

completion

88%

11.4%

13%

94%

8.4%

84%

83%

2.0%

P = 100%

42%

1.3%

82%

Intra-step
completion

0

1

2331

2328

0

2

2259

2248

0

3

2027

2024

0

4

1998

1974

1

1

265

261

1

2

236

232

2

1

195

195

2

2

184

184

31

1

46

46

3

2

42

42

3

3

38

38

4

1

31

31

4

2

29

29

4

3

15

15

4

4

13

13

5

1

11

10

91%

0.5%

85%

6

1

9

9

100%

0.4%

90%

7

1

9

9

7

2

9

9

100%

0.4%

100%

82

1

59

57

2.5%

55%

8

2

56

56

F = 2.2%

F = 42%

8

3

54

54

P = 3.3%

P = 67%

Maintain use3

16

-

0.7%

29%

1 Premium

85%

92%
-

status (P, n = 46 at the beginning of S3) was needed to access S3 through S7.

Users continuing with the free version (F) directly access the final step (S8) after finishing S2.

2

Users who continue using the application after the completion of the final step (S8).

3

F = free users; P = premium users

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2021

doi:10.20944/preprints202109.0245.v1

8 of 17

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 September 2021

doi:10.20944/preprints202109.0245.v1

9 of 17

3.1.1. Program completion and follow-up rate:
Of the initial sample 2.3% (n = 54) complete the final activity (S8) of the program
with no significant difference (p = 0.31) between free (2.2%) and premium users (3.3%).
29.6% (n = 16) of the users who complete the final step (S8) of the program access the
application in the following 10 days. This usage was limited to one connection.
3.1.2. Inter-step completion rate:
Two dropout points were observed. The first one between step 0 and step 1 and the
second one between step 2 to step 3. At the first dropout point, 13% (n = 265) of user’s
went on with the program (PP), representing 11.4% of the initial sample (ITT). Regarding
the second dropout point, only 25% (n = 46) of the users still in the program in the previous
step went on, meaning they converted to premium status, representing this time 2% of the
initial sample.
As a reminder, the free version of the app allows users to access four steps: S0, S1, S2
and S8. That’s why at step 3, we observed a large decrease in the number of users (the free
users don’t have access to it), while at step 8 we observed an increased number of users
(n=59 free and premium users) compared with the number of users finishing the step 7
(n=9 premium users only).
The other transitions between steps indicate good engagement by keeping 82% to
100% of users from the last activity of a step to the first activity of the follow step.
3.1.3. Intra-step completion rate:
The intra-step completion rate varied between 83 % to 100 %, apart from step 4 where
the completion rate was 42%.
3.1.4. Completion time (in days) of the program.
Regardless of the different number of free vs. premium steps, users of the free version
completed their 4-step program in a median of 2 days (Q1 = 1 / Q3 = 3) while users of the
premium version completed their 9-step program in a median of 4 days (Q1 = 3/ Q3 = 5).
When considering only the four shared steps (S0, S1, S2 and S8), results showed no significant difference (P = 0,08) between users of the free (median = 2, Q1 = 1 / Q3 = 3) or the
premium version (median = 2, Q1 = 1 / Q3 = 2) with a sample median of 2 days (Q1 = 1 /
Q3 = 3).
3.2. Sastisfaction with app content
Most users reported high satisfaction levels at the end of each step. On average 85.9%
(SD = 7.3) found the content of each step understandable and relevant. A minority of users
found the content understandable but irrelevant (M=13.3%, SD=6.4). S1 received the lowest score of satisfaction with 71% founding it relevant and understandable and 27% finding it understandable but irrelevant.
3.3. Motivation and attitudes toward changing behaviors
3.3.1. Reasons to quit
The main motivations to quit among users was distributed as follows (unique
choice): health (50%), economy (19%), well-being (18%), family (7%) and baby project
(5%). No marked difference was observed between men and women (p= 0,1). Free (20%)
and premium (8%) users only had significantly different attitudes toward quitting smoking to save money (p = 0.02).
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3.3.2. Motivation type
Table 3 presents the percentage of every motivation type assessed by our questionnaire based on self-determination theory. The most represented motivation type was extrinsic motivation (58.5%), followed by intrinsic motivation (24.8%), mixed motivation
(12.7 %) and amotivation (4.1%). Among the extrinsic motivation types, the most frequently observed was the integrated motivation (34.8% of extrinsically motivated users).
Table 3. Percentage of motivation type among total users and free and premium version users.

Total

Free

Premium

Amotivation

4.1

4.3

1.8

Extrinsic Motivation

58.5

58.7

55.1

External

11.3

11.3

11.5

Introjected

4.5

4.5

3.6

Identified

7.9

7.7

9.7

Integrated

34.8

35.2

30.3

Intrinsic

24.8

24.2

30.9

Mixed

12.7

12.7

12.1

No significant difference was observed between users of free and premium version
(p = 0.23). Nor was there any difference between users who completed the program and
the ones who abandoned it en route (p = 0.9).
3.3.1. Motivation level.
Figures 1 and 2 present the evolution of willingness, ability, and readiness to quit
from baseline (S0) to end of program (S8) among all users, and among the sub-sample of
users with initial levels of willingness, ability, and readiness lower than 5/10.

Figure 1. Evolution of the motivational indices between S0 and S8 in the total sample, in
the premium and the free sub-samples. Levels of significance of the difference between S8
and S0: * p < 0.05, ** p < 0.01, *** p < 0.001
Using a Mann-Whitney test, a moderate significant improvement is observed for all
three metrics between baseline and the end of the program for the entire sample: willingness (p = 0.003), ability (p < 0.001), readiness (p = 0.02). At Step 0 premium users reported
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significantly higher willingness (p < 0.001), ability (p = 0.04), and readiness (p = 0.004) to
quit than free users.

Figure 2. Evolution of the motivational indices between S0 and S8 in the sub-samples with
motivational indices lower than 5/10 at S0. Levels of significance of the difference between
S8 and S0: + p ~ 0.05, * p < 0.05, ** p < 0.01, *** p < 0.001
When considering users whose scores were lower than 5/10 at baseline (S0), data
showed even greater significant positive evolutions: willingness (3 to 5, p < 0.05); ability
(3 to 5, p < 0.001) and readiness to quit (3 to 5, p < 0.001). Those evolution were present in
both premium and free users.
4. Discussion
4.1. Principal findings
4.1.1 Adherence and attrition
From 07/04/2021 to 07/28/2021, a total of 2331 organic users started the preparation
program; this means that 2331 users went to an Apple mobile app store, searched for the
app, downloaded it, followed the onboarding process, created an account, selected the
“prepare for a change” option, before access to the first content’ program. We consider
this type of user journey as a series of conscious decisions requiring effort and will to quit
smoking. Furthermore, considering the number of people who started this program, we
can assume a real need. Hence, it is essential to adequately accompany users who wish to
quit smoking and make great efforts to seek help.
From the initial sample, only 54 organic users reached the last activity of step 8, which
was to set a quit date, meaning that only 2.3% of the intent-to-treat users completed the
program. After completing the program, only 16 users returned to the application, and
that was for only one time.
We agree with Katz et al. [27] that is a very low retention rate it highligths the
current inability to satisfy expectation of the majority of users seeking to quit. This low
retention rate could be explained by three main reasons: expected use of the mobile apps,
the target behavior, and the mobile app users’ experience.
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1.

Expected use of the mobile apps: Attrition rate has been a recognized challenge
for general mobile apps, m-health apps and smoking cessation apps tested in a
more controlled scenario. In general, 25% of the most downloaded apps are never
used and 38% of purchased apps are immediately uninstalled [26]. Regarding mhealth apps, the estimated dropout attrition rate is 43%, with higher rates seen in
real-world research (2%) and lower rates in highly supported RCTs (up to 70%)
[27]. In particular, the dropout rate of some smoking cessation apps tested in a
more controlled scenario could vary from 19,3% after 28 days of use [32] to 39,5%
after 87,3 days of use [33].

2.

The target behavior : smoking cessation. Based on Prochaska et diClemente's
model of the different stages leading to behavior change, the program’s target
users were those in the preparation stage; this means that the target users intend
to act in the next month, but may also be apprehensive about taking action and
doubt their ability to succeed. The vast majority of organic users may not be in
the preparation phase but the contemplation phase. There is desired change
because they are aware of the benefit that this change brings, but they are also
aware of the disadvantages involved [34]. Moreover, attrition in smoking
cessation interventions of combined behavioral and pharmacological treatment
studies ranges from 10.8% to 77 % [35]. One of the reasons that could have explained the dropout would have been the extrinsic motivational type. However,
the results of the analysis did not support this hypothesis.

3.

The mobile app users’ experience : It could not be only about the theory on which
the program is based, but also about the relationship between the user and the
interface, as in psychotherapy, where the therapeutic alliance is a critical factor
that favors the clients' commitment to their therapeutic process and decreases the
dropout rate [36]. In both kinds of relationships, clients evaluate the effortreward ratio to continue engaging in a thérapeutical process.

To examine in more detail when dropouts occur, we compare intra-step and PP interstep dropout rates. Do dropouts occur within a step or at the transition from one step to
another? According to the results, there are two significant dropouts and they occur
during the transition from one step to the other. The first dropout is between the
preliminary step (S0) and the first one (S1). The second dropout is between the second (S2)
and third step (S3). Once users start a step, the dropout rate is very low, except S4.
There is a reasonable completion rate in a single step where several activities are
proposed, and users are guided (the intra-step completion rate varies between 83 % to 100
%). On the other hand, when there is a discontinuity, especially in the transition from one
step to another, users tend to disengage, as happened between S0 and S1 and during S4,
where the user is asked to perform an activity lasting 24 hours, instead of moving directly
to the next activity. These activities also imply an active commitment from the user and
are not merely passive activity.
From Step 2 to Step 3: There was also a disruption where users were asked to make
an in-app purchase to acess to the step 3 content. Any new user could get the 7-day free
trial. We assumed that users who started the program mainly were new users, and
therefore that they could access the entire program. We did not anticipate the impact of
that event. We thought that the vast majority would access the program by subscribing to
the offer and then unsubscribing from it. Out of the 2,331 users, only 182 had access to the
premium version. One can wonder about the different reasons that users of the free
version did not activate the premium. A first hypothesis is that a proportion of the users
were not "new" and therefore could not access the free trial. A second hypothesis is that
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the program did not create enough interest to continue in the premium version. A third
hypothesis - supported by the results on users' motives for starting a cessation program is that the primary motive for stopping is to save money for free users. We did not
anticipate recording the number of people who accessed to the free trial. With such data,
we would have a better understanding of the proportion of users who already had access
to the application, abandoned it, and then returned to get access to the program. This
event will be controlled for the main project by granting access to the premium version to
all participants.
In conclusion, the dropout rate can be mitigated by improving the transition from
one stage to another to avoid ruptures in the user experience.
4.1.2 Content clarity and relevance
Considering that the program content is inspired on evidence-based psychological
theories and techniques for behavior change and smoking cessation, we wondered about
users’ perceptions of how these techniques and principles are adapted in the app. Do they
think the program content is clear and relevant to their smoking cessation process? Most
users were highly satisfied at the end of each step. On average 85.9% (SD=7.3%) found the
content of each step understandable and relevant. But users' perception of content understandability and relevance did not explain the loss of engagement between both dropouts.
For example, 85.8 % of the users find the content understandable and relevant on the introductory step (S0), but only 13% go through the next step. Likewise, the Step1 content
was the one with the higher percentage of users considering it as irrelevant (27%). Nonetheless, most of the users who finished Step 1 continued to Step 2 (84%).

4.1.3 Readiness to quit
60% of smokers want to quit, but many don’t have the proper access to therapeutical interventions [1]. Ambivalence in motivation to change is a very common challenge,
and addressing it is part of the therapeutic intervention plan [21, 34].
Engaging in the mobile app preparation program favors positive changes in attitudes toward smoking cessation in users with a low motivation level. Users of the premium version started the program with a higher level of motivation than those on the
free version. Those who were less motivated benefited the most from the program in
terms of motivational level. They went from a low level of confidence, willingness, and
readiness to a medium one (from 3 to 5 in a 1 to 10 EVA scale). These results suggest that
the Kwit's preparation program can address ambivalence by increasing willingness to
change, self-confidence, and readiness to quit among its users and specially those who
felt less prepared.
4.3. Limitations
All participants are iOS users. Differences between Android and iOS users were
reported in terms of quit attempts and quit date settings [37]. Also, it would have been
valuable to have demographic or smoking data on participants before they even started
the program, but given the purpose of the study, this information was not necessary. For
the study that aims to identify the determinants of regular use of mobile applications to
quit smoking, both missing information is planned to be collected.
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4.4. Future research directions
Further work is needed to understand the determinants of regular use of mobile
health apps. The results of the present study support a hypothesis-generated finding that
engagement with the preparation program increases willingness, confidence, and readiness to quit, three key factors for smoking cessation.
The next step includes the implementation and evaluation of program refinements
based on current learnings and further evaluation through a quasi-experimental observational study to better understand what enables commitment to use a smoking cessation
app, and finally a randomized controlled study to identify the effect of the smoking cessation program on the target behavior. To obtain a user-centered perspective, qualitative
studies are needed, and user testing of specific program features should be part of the
mobile application development process.
5. Conclusions
Overall, Kwit’s 9-step preparation program is a functional software ready to assess
users’ interactions in real-time settings. The study highlights the dropout reality of mobile
apps created to help users change complex health behaviors, especially for smoking cessation.
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