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Abstract

Objective—In this project we developed and evaluated a mobile health app to improve adherence 

to tobacco cessation medication.

Methods—The study was conducted in three phases: 1) Create app with input from our 

consultant, focus groups and user testing; 2) Test feasibility of the app; and 3) Develop and user-

test the barcode scanner.

Results—Focus group feedback was instrumental in developing content and creating the user 

interface. User testing helped to identify problems and refine the app. The feasibility trial provided 

“real world” testing. We experienced challenges in recruitment due to the inclusion criteria. We 

had high attrition due to technical issues, medication side effects, enrollment procedures, and lack 

of personal contact. Among the five retained participants, use of the app was associated with good 

medication adherence and high consumer satisfaction.

Conclusion—The small sample size limits the generalizability of the findings and the 

conclusions that can be drawn from the study. However, the feasibility trial enabled the team to 

identify ways to improve the conduct of this and other mHealth studies.
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Practical Implications—We should expand RxCoach to include all prescription and over-the-

counter tobacco cessation medications, and re-test for feasibility using lessons learned to improve 

recruitment and retention.
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1. Introduction

Tobacco is the leading cause of preventable disease and death in the US [1]. Although 

effective tobacco cessation medications exist, their impact can be diminished by lack of 

adherence [2]. Studies assessing the effect of medication adherence for tobacco cessation 

suggest that lack of adherence negatively impacts treatment outcomes [3–6]. Several studies 

on the effect of varenicline show that good adherence is associated with better cessation 

outcomes [2, 7, 8]. Adherence to prescribed treatment is necessary to achieve desired health 

outcomes; however, studies have shown that 30% – 50% of patients do not take medications 

as prescribed [9–13]. Non-adherence to medication for chronic conditions has been 

associated with poor treatment outcomes, including increasing hospitalization rates and 

health care costs [11, 12, 14]. Conversely, research has found a dose-response between 

treatment adherence and positive health outcomes [3, 4, 12, 15, 16].

A number of factors are commonly associated with poor adherence to medication therapy. 

These include complicated dosing schedules, adverse effects from medications, and poor 

patient-provider communication [11, 17–20]. Instructions are often poorly understood, or 

there is no clear agreement between the patient and provider about the need for the 

medication or duration of treatment. Without some innovative approaches, such factors are 

likely to continue to impede optimal treatment of tobacco dependence. However, previous 

research also suggests that improved communication regarding the importance of and 

reasons for taking the medication may increase adherence [17–20].

The World Health Organization and the National Institutes of Health have acknowledged 

that medication adherence is a complex and difficult issue to solve [21, 22]. These two 

organizations recommend a multi-tiered approach that targets barriers at multiple levels, 

including the patient, the healthcare system, the support system, and their interactions. This 

type of approach needs to allow for multiple user input and interaction (eg, between patient, 

pharmacy, physician), link to external systems (eg, external electronic databases), eliminate 

patient need to enter medication information (eg, names and doses of medications), and offer 

tailored information and adherence strategies based on patient needs [21, 22].

A mobile health (mHealth) application (app) could provide a multi-tiered approach to 

overcoming these barriers for many patients who have been prescribed medication. The Pew 

Research Center reports that 90% of US adults use a mobile phone, and of these, 64% have 

smartphones [23]. Sixty-two percent of smart phone users have used a phone to look up 

information about a health condition [24]. African Americans and Latinos are more likely 

than other groups to use mobile health apps [25], and to be what Pew terms “smart phone 

dependent,” since the phone is their primary source for Internet connectivity [24].
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There is a limited but growing body of evidence to suggest that mobile apps may improve 

patient adherence to medication [26, 27], with two studies providing preliminary evidence to 

support their use with tobacco cessation medication [28, 29]. Mobile apps have the potential 

to improve patient-provider communications and support greater accessibility to healthcare 

related to medication use [30, 31]. However, many apps rely on significant user input and 

fail to provide evidence-based interactivity aimed at engaging patients, tailoring adherence 

feedback, or facilitating communication between the patient, physician and/or pharmacist. A 

successful mobile app would need to address a number of intersecting barriers to medication 

adherence, including patient forgetfulness, lack of information, complex regimens that do 

not match the patient’s lifestyle, lack of perceived benefits, experience of side effects, poor 

patient-provider communication, and missed appointments [13]. Moreover, for smokers who 

want to quit, an effective mHealth app should provide evidence-based assistance, 

immediately available, at any time, on their mobile phone. This manuscript reports on the 

development and pilot feasibility evaluation of such an app: RxCoach™, designed to 

increase adherence to tobacco cessation medication.

2. Methods

2.1. Study Design

The study was conducted in three stages: 1. An app developmental stage consisting of 

program content development, interface design, prototype app programming, prototype app 

revisions with input from our consultant, iterative focus groups, and user testing; 2. A 

feasibility test of the prototype app; and 3. A supplemental stage in which a barcode 

scanning feature was developed and user tested. The study was conducted from May 18, 

2012 – April 30, 2014. The study protocol and procedures were approved by the Oregon 

Research Institute and the University of Arizona Institutional Review Boards.

2.2. Prototype App Development

2.2.1. Overview—We designed and developed a fully functional prototype mobile health 

application for iOS (the Apple iPhone platform) to assist smokers who are taking varenicline 

for treatment of tobacco dependence to properly adhere to the medication regimen. We 

chose the Apple iPhone platform because it had the largest market share of smartphones at 

the time the study began. We decided to focus the prototype on varenicline because it was 

the most widely used prescription medication for tobacco cessation when we began the 

study, and it had a complex dosing schedule and several potential side effects that would 

require us to program the prototype to address these functions.

2.2.2. Description of RxCoach—The prototype version of RxCoach gathers personal 

information and the specific medication regimen via user input and a barcode reader. The 

user can access the “home screen” at any time to change their profile settings, and display 

their tracking system and medication information (Figure 1). To overcome the barrier of 

entering complex dosing schedules, we allow participants to use a barcode reader to scan in 

their medication (Figure 2). All packaging for tobacco cessation mediations, including 

prescription bottles, includes a barcode. The app then presents the user with a choice to 

select the “standard dose” (which is used as the default for populating the reminder and 
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tracking system) or enter a different dosing schedule, as prescribed by their physician 

(Figure 3). The app provides tailored adherence feedback and medication tracking 

information to improve motivation. Based on users’ responses, the app displays motivational 

messages, tips, or techniques for dealing with cravings, medication side effects, and/or 

smoking “slips.” Motivational messages were used to provide positive feedback to the user. 

For example, the message would display the number of days that the user had been taking 

the medication. Tips for dealing with cravings were displayed early in the quitting process 

when urges to smoke might be at their peak or if the user reported cravings. For example, the 

user might receive a message to take deep breaths, recognize that the craving will pass, or to 

engage in physical activity until the craving passes. Techniques for dealing with side effects 

were based on the users’ reports of side effects. For example, if a user reported “nausea” as a 

side effect, the app would recommend taking the medication with a meal and a full glass of 

water. Messages regarding “slips” included normalizing this as part of the quitting process, 

and instructing the user to continue to take the medication. A calendar displays medication 

usage, quit date, changes in dosing, scheduled prescription refills, and physician 

appointments (Figure 4). To address forgetfulness, the app provides the user with medication 

taking reminders, based on their dosing schedule, refill reminders, and physician 

appointment reminders (Figure 5). The user is prompted to scan their medication to improve 

accuracy of adherence reporting and earn virtual awards. RxCoach collects information 

about side effects and other barriers to taking the medication from the user and provides 

personalized solutions to problems reported (Figure 6). To facilitate communication between 

the user and their physician or pharmacist, the app requests that the user input the phone 

numbers for their prescribing physician and pharmacist, and displays a “one-touch,” direct 

connection (Figure 7) based on user input. For example, if the user reports a serious side 

effect or multiple minor side effects, the app displays a message encouraging the user to 

press the “one-touch” button to call their physician. The app provides consumer-oriented 

drug information and sets expectations regarding effectiveness and potential side effects.

2.2.3. Focus and Usability Testing—Program content and design elements were 

developed by the project team and expert consultants. These concepts were refined through 

two iterative focus groups (n = 4) and two sets of 10 individual user tests. Mock-ups of the 

app were created to demonstrate the design and content of the app, and to simulate the 

functionality. These mock-ups were presented to two focus groups of smokers who had used 

varenicline and who also owned a smart phone, to provide feedback on the application’s 

interface, functions, and content. Focus groups were led by an experienced facilitator. The 

facilitator presented initial program content and design ideas. Following the presentation, 

participants completed surveys, and then the facilitator led a discussion. The facilitator 

audio-recorded each session, took notes, and cross-referenced the audio file with her notes. 

For user testing, the facilitator presented case scenarios and asked the participant to perform 

specific actions. The facilitator watched the participant use the app, and took notes on the 

process. At the end of each user session, participants completed a survey and were given the 

opportunity to discuss their experience using the app. Quantitative focus group data were 

analyzed following each group. Qualitative data were synthesized by the facilitator, 

organized according to app functionality, and reviewed by the project team after each group 
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session. User testing data was summarized by the facilitator and reviewed by the project 

team after each individual test.

Participant suggestions led the team to adjust the home screen/menu design to make it more 

intuitive, to streamline app set-up, and to describe the need to collect particular user 

information, among other enhancements. For example, we added a status bar during the 

profile set-up process, displayed a quit date for users and gave them the option to change it. 

Moreover, participants identified a number of features that would be useful, such as 

medication auto-entry, which were added.

We conducted usability testing with 10 participants, fixing bugs and making content/user 

interface changes to the prototype based on user “think aloud” interactions with the app. 

Testing usability with five users per population of interest is generally deemed sufficient 

based on guidelines put forth by Nielsen [32]. As participants used the Alpha prototype, they 

were asked to think aloud, verbalizing their reactions as they viewed screens and describing 

their navigational choices as they made them. Participants performed each of the major tasks 

the application supports. We collected positive/negative reactions to the features and 

functions, and difficulty/facility using the application or interface. Usability testers also 

completed the 10-item adaptation of Brooke’s widely-used and validated System Usability 

Scale [33, 34]. Usability feedback informed revisions to the Alpha prototype.

User group results and feedback revealed some concerns about the app’s consistency and 

integration. As a result of these findings, we revised the functionality and text in the “dosing 

scheduler” screen at start-up and simplified our main menu. We found that participants 

struggled to use the medication reminder system to report a side effect. Therefore, we 

revised this system to contain simplified categories and lay language explanations. 

Moreover, we observed that participants did not read all of the content during set-up and in 

push notification messages. Therefore, we reduced the length of in-app text in these areas, as 

well as improved legibility by increasing the font size and adding more white space to text 

boxes.

A second set of user tests with 10 participants was conducted to gather information on the 

added auto-entry, barcode scanner feature. We used the same “think aloud” procedures as we 

did with earlier user group participants. In addition, we collected consumer satisfaction data 

from usability test participants to assess “likability” and perceived usefulness of the app. 

Based on the feedback received, modifications were incorporated into the design and 

operability of the scanner to make it easier to use.

2.2.4. Feasibility Testing—We conducted a feasibility study to gather information on app 

use, medication adherence, attitudes towards using varenicline, and consumer satisfaction 

with the app.

2.3. Participant Recruitment

Recruitment took place via multiple sources, including online advertising (eg Google 

AdWords, Facebook), in-app advertising (eg iAds), social media (eg Instagram, Tumblr, 

Twitter, Facebook), and through professional contacts at smoking cessation clinics 

Gordon et al. Page 5

Patient Educ Couns. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



nationwide. Participants were compensated $50 for their time. We found it difficult to recruit 

for this study, both locally and nationally. The study required participants to be current 

smokers, varenicline users, iPhone owners, with no current depression. This combination of 

inclusion and exclusion criteria created a challenging environment for recruitment.

2.4. Participant Screening, Eligibility, Enrollment, and Retention

Study personnel had little to no contact with study participants, since all screening, 

enrollment, and follow-up activities were conducted entirely through the app or online. To 

be enrolled in the study, eligible participants were required to complete an informed consent 

and baseline survey through a companion RxCoach website, and download the app. The 

process for downloading the app proved problematic at first, when only 50% of eligible 

participants were able to download the app. We subsequently changed the process, and 

100% of eligible participants successfully downloaded RxCoach.

Fifty participants were screened for eligibility; 29 (58%) were excluded. Of those 21 who 

were eligible, 12 (51%) completed the consent and baseline survey, and 7 (33%) people 

downloaded the app. Of the seven enrolled participants, five (71%) participants completed 

the 1-month (30-day) survey, and 4 (57%) completed the 3-month (90-day) survey. These 

retention rates are consistent with web-based and other mHealth studies, which require no 

personal contact, and routinely report >50% attrition [35].

2.5. Participant Characteristics

Participants in the feasibility trial who completed the baseline and at least one follow-up 

assessment were all female, White, and current smokers. At baseline, their mean age was 

37.4. All had at least a college education. The participants had smoked for an average of 

23.6 years, and smoked an average of 16.4 cigarettes per day. All reported smoking within 

60 minutes of waking, indicating a high level of dependence. All of the participants had 

health insurance. The sample reported taking varenicline for an average of 10.4 days out of 

the past 30 days.

2.6. Assessment Procedures and Measures

Informed Consent Document and all assessments were completed online. Participants were 

assessed at baseline, and at 1-month and 3-months post-enrollment. The study measures 

included: demographics (collected at baseline), tobacco use, history of taking varenicline, 

medication use patterns, medication refills, medication adherence, use of other cessation 

aids, attitudes towards taking varenicline, perceived effectiveness of varenicline, consumer 

satisfaction (collected at 1-month); and app use (which was collected automatically 

throughout the participants’ use of the app).

Tobacco use status was assessed using a series of questions that have been standardized and 

employed in previous studies [36–38]. Tobacco dependence was measured via the 

Fagerström Test of Nicotine Dependence [39]. For measuring adherence, we adapted the 

widely-used 8-item Medication Adherence Questionnaire (MAQ) [40], which has been 

validated for use with tobacco cessation medication [41]. In addition, we included one item 

regarding medication-specific refill behavior. Users’ expectancies about taking tobacco 
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cessation medication were assessed using the 10-item Beliefs about Medicines 

Questionnaire (BMQ) [42, 43].

Participants completed a consumer satisfaction survey that we have used in our previous 

research consisting of 8 items (using a 5-point Likert-type scale), measuring overall 

satisfaction with the program, perceived usefulness of the information, likeability, level of 

interest, and ease of use [36, 44]. Further, we used Tullis and Stetson’s 10-item adaptation of 

Brooke’s System Usability Scale to rate the usability of the app [33, 34]. Participants were 

compensated $50 for completing both assessments.

Finally, a variety of use and adherence data were collected via the app. For instance, 

participants reported medication side effects within the app through a checklist of 

varenicline’s common side effects (results not reported in this manuscript).

3. Results

3.1. Self-Reported Adherence to Varenicline at Follow Up

As depicted in Table 1, at the 1-month assessment, four out of five (80%) participants 

reported current use of varenicline. The average number of days reported for taking 

medication was 28 out of the past 30 days. All participants (100%) reported never forgetting 

to take their medication. Two (40%) participants reported refilling their prescription once, 

two (40%) reported refilling their prescription twice, and one (20%) did not refill her 

prescription, and did not intend to refill due to side effects. This participant discontinued her 

use of varenicline.

Of the four participants completing the 3-month assessment, one reported continued use of 

varenicline, as three had finished their course of treatment. The mean number of days of use 

was 63.7 over the past 90 days (minimum = 30; maximum = 90). Three of the participants 

reported never forgetting to take their medication. One participant reported refilling her 

prescription once, and three participants reported filling their prescription three times (the 

maximum) over the past 90 days.

3.2. App Usage

Participants were instructed to use the app for the duration of their medication use, which 

could range from 30 to 90 days. The duration of use was dependent on when they started 

their medication and when they downloaded the app. Users who were just beginning to take 

their medication were prompted to record taking their medication once a day for the first 3 

days, then twice a day for the following 87 days, for a maximum total of 177 prompts to 

open the app. However, if users were already taking varenicline, the number of prompts 

varied. Of the 5 participants, the average number of times the app was opened was 98 

(minimum = 28; maximum = 186).

3.2. Consumer Satisfaction

We collected consumer satisfaction data from participants at the 1-month assessment using a 

5-point Likert-type scale. As shown in Table 2, participants liked the program overall, 

thought it was easy to use, found it helpful in using varenicline, and would recommend it to 
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others. A sample comment we received from a feasibility participant summarizes these 

findings: “This app is great & did remind me to take the pill when I had forgotten. I would 

recommend to my friends that are trying to quit.”

3.3. Functionality

Participants were also asked to provide ratings of the apps usability and functionality. 

Results indicate that the app was easy to use, well integrated, easy to learn, and participants 

felt confident using the app (see Table 3).

3.3. Tobacco Use at Follow Up

Although this was not a smoking cessation app per se, we assessed tobacco use. At the 1-

month assessment, 2 of the 5 participants reported abstinence (no smoking in the last 7 

days). At the 3-month follow-up assessment, 1 of the 4 participants reported smoking 

abstinence. These results are lower than those observed in clinical trials, but consistent with 

the general decline seen when medications are used in “real world” settings [45, 46].

4. Discussion and Conclusion

4.1. Discussion

RxCoach stands apart from general medication management apps because it focuses on a 

tobacco cessation medication, reliance on evidence-based guidelines for quitting smoking, 

provision of tobacco cessation information and resources, and condition-specific support 

functions. RxCoach is unique among tobacco cessation apps in focusing on the complex 

needs of medication users, attempting to overcome barriers to adherence, and providing a 

mechanism to facilitate patient-provider (physician/pharmacist) communications. Unlike 

other studies [28], our app does not use text messaging, but rather resides on the phone so it 

can be used with or without cellular/internet connectivity. Our app was also designed to 

stand alone, rather than serve as an adjunct to a more extensive cessation program [29].

The use of RxCoach during the feasibility study was associated with good medication 

adherence, and the app received high consumer satisfaction ratings. These results suggest 

that point to RxCoach may be useful for addressing issues related to poor adherence, and 

facilitating medication taking. However, the small sample size and high attrition make it 

difficult to draw conclusions from the study results.

4.2. Limitations and Lessons Learned

We encountered several difficulties in recruiting participants due to the reasons outlined 

above under “Participant Recruitment.” We focused on smokers who were interested in 

quitting and had already obtained a prescription for varenicline. We chose varenicline 

because it was the first-line prescription smoking cessation medication at the time the study 

began. However, this may have inadvertently limited participant recruitment, as emerging 

after-market concerns (eg FDA-mandated “black box warning”) about varenicline greatly 

reduced its use in favor of nicotine replacement therapy and other prescription medications.
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In addition, we developed the app for use only on the iPhone platform, which was surpassed 

by the Android operating system at the time of our study. Also at first, we used a 

cumbersome process for downloading the app wherein users had to find and report to us the 

unique device identifier (UDID) for their iPhone, a common approach for deploying 

prototype iPhone apps. However, 66% of potential participants who were screened for 

eligibility never downloaded the app. After discovering this gap, we deployed RxCoach to 

the App Store, and enrolled participants via a direct link from the screening survey. With this 

more streamlined process, we were able to convert 100% of participants.

We also discovered that in-app, Facebook, and Google paid advertising were not cost-

effective methods of recruitment. Earned media (e.g., newspaper and radio interviews), 

social media (e.g., Facebook and Twitter), and professional contacts (e.g., tobacco cessation 

clinics) were the most effective methods for recruiting participants. We were able to revise 

our advertising strategy, but exhausted our limited advertising budget.

We also faced difficulties with retention. We began the study wanting to create a “real 

world” experiment. Therefore, research project staff had little to no contact with participants. 

In hindsight, this may not have been the optimal approach, as this lack of contact resulted in 

a high level of attrition. Other reasons for attrition included side effects of varenicline and 

technical issues (e.g., lost/upgraded phones).

The study design, in which we required participants to have already received a prescription 

for varenicline and the small sample size greatly limits the generalizability of our findings. 

Participants may have been at different stages in using their medication at the time of study 

enrollment. In addition, there was a lack of racial/ethnic diversity, and no males in our 

feasibility sample, further limiting generalizability.

Finally, we relied on self-report of medication adherence. Because this was a feasibility trial 

of a low-cost, easily disseminable mHealth app, we chose not to use expensive monitoring 

technology. In the second phase of the study, we programmed a barcode scanner that could 

be used in a future study to provide a more object method of measuring compliance with the 

treatment regimen. In the feasibility trial, the participants were instructed to use the barcode 

scanner each time they took their medication, and to take a picture of themselves taking each 

pill. They were also instructed to use the barcode scanner to scan each new box of 

medication when they received their prescription refill. The scanner automatically collected 

the use and refill data, and the participants could send the photos via text or email. We plan 

to integrate the photo function into a future version of the app, and use this as a cost-efficient 

method of measuring adherence.

4.3. Conclusion

We experienced challenges with recruitment and retention. Although the use of RxCoach 

was associated with good medication adherence, received high consumer satisfaction 

ratings, and demonstrated substantial feasibility and usability, the small sample size and high 

attrition greatly limit the generalizability of the findings. However, we gained valuable 

experience regarding the conduct of mHealth research, including the challenges and 

potential strategies for increasing recruitment and retention of participants. We learned the 
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importance of diversification for both medications and technology. We developed the app on 

only one hardware/software platform, and focused on only one form of medication. To 

increase the potential “reach” of mHealth apps, developers and researchers should attempt to 

develop cross-platform solutions. In addition, apps targeting specific conditions should 

incorporate information regarding all the possible medications for treating those conditions. 

In addition, we have learned that a combination recruitment approach, including paid 

advertising, social media, and traditional media, can be more effective than relying on paid 

advertising alone. Also, researchers must maintain regular contact with participants to limit 

attrition in mHealth studies. To overcome these challenges, we plan to expand the app to 

include all other tobacco cessation medication, which would greatly expand the potential 

pool of participants. Furthermore, we plan to use new methods for recruitment, to verify 

participants, and to maintain contact with enrolled participants.
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Highlights

• Focus and user testing of RxCoach was used to increase functionality and 

usability of the app.

• Challenges were faced in recruitment and retention.

• Use of the app was associated with good medication adherence.

• The participants rated the app highly.

• Due to study limitations, the results are not generalizable, and more research 

is needed.
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Figure 1. 
Home Screen
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Figure 2. 
Barcode Scanner
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Figure 3. 
Profile
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Figure 4. 
Tracking System
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Figure 5. 
Medication Reminder
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Figure 6. 
Reporting Barriers

Gordon et al. Page 19

Patient Educ Couns. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 7. 
Warning
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Table 1

Medication Adherence at Follow-Up Assessments

Variable 1-month (N=5) 3-month (N=4)

Are you currently taking varenicline? Yes 4 1

How many days did you take varenicline? 28 64

How often have you forgotten to take your varenicline?
Never

5 3

How many times have you refilled your varenicline prescription?

 None (I don’t intend to) 1 0

 1 2 1

 2 2 0

 3 or more 0 3
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Table 2

Consumer Satisfaction Ratings (N=5)

Somewhat to Verya (N)

Overall, how helpful is the app in using varenicline to quit smoking? 4

How organized was the app? 5

How much new information did the app provide? 4

How easy was the app to use? 5

How well did the app address issues with varenicline and smoking? 4

How much did you like the format/design of the app? 5

How helpful were the features of the app? 5

How likely would you be to recommend this app to others? 5

a
Ratings were collected on a 5-point Likert-type scale with 1 = Not at all to 5 = very. Results are presented for the number of participants with 

ratings of 3–5 (somewhat to very)
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Table 3

Attitudes Towards Using the App/System Usability Scale (N=5)

Agree to Strongly Agreea (N)

I would use the app frequently 5

I found the app unnecessarily complex 1

I thought the app was easy to use 5

I think I would need support to use this app 0

I found the function well integrated 5

I thought there was too much inconsistency 2

Most people would learn to use this app very quickly 5

I found this app cumbersome 0

I felt confident using this app 5

I needed to learn a lot before I could get going with this app 0

a
Ratings were collected on a 5-point Likert-type scale with 1 = Strongly Disagree to 5 = Strongly Agree. Results are presented for the number of 

participants with ratings of 3–5 (Agree to Strongly Agree)
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