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Implications
Practice: Breast cancer survivors indicated that 
the Fit2Thrive app had high acceptability and us-
ability during initial development which provides 
valuable information on the efficacy of a user-
centered developed physical activity promotion 
app in increasing physical activity behaviors in 
breast cancer survivors.

Policy: Smartphone applications to promote 
MVPA have high scalability potential; therefore, 
development of population-specific apps, such 
as the Fit2Thrive app, may increase MVPA par-
ticipation and promote better health outcomes 
among breast cancer survivors.

Research: Future research will test the effective-
ness of the Fit2Thrive app to promote physical 
activity in breast cancer survivors.
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Abstract
Increased moderate and vigorous physical activity (MVPA) 
is associated with better health outcomes in breast cancer 
survivors; yet, most are insufficiently active. Smartphone 
applications (apps) to promote MVPA have high scalability 
potential, but few evidence-based apps exist. The purpose 
is to describe the testing and usability of Fit2Thrive, a MVPA 
promotion app for breast cancer survivors. A user-centered, 
iterative design process was utilized on three independent 
groups of participants. Two groups of breast cancer survivors 
(group 1 n = 8; group 2: n = 14) performed app usability field 
testing by interacting with the app for ≥3 days in a free-living 
environment. App refinements occurred following each field 
test. The Post-Study System Usability Questionnaire (PSSUQ) 
and the User Version Mobile Application Rating Scale (uMARS) 
assessed app usability and quality on a 7- and 5-point scale, 
respectively, and women provided qualitative written feedback. 
A third group (n = 15) rated potential app notification content. 
Quantitative data were analyzed using descriptive statistics. 
Qualitative data were analyzed using a directed content 
analysis. The PSSUQ app usability score (M1 = 3.8; SD = 1.4 vs. 
M2 = 3.2; SD = 1.1; lower scores are better) and uMARS app 
quality score (M1 = 3.4; SD = 1.3 vs. M2 = 3.4; SD = 0.6; higher 
scores are better) appeared to improve in Field Test 2. Group 1 
participants identified app “clunkiness,” whereas group 2 
participants identified issues with error messaging/functionality. 
Group 3 “liked” 53% of the self-monitoring, 71% of the entry 
reminder, 60% of the motivational, and 70% of the goal 
accomplishment notifications. Breast cancer survivors indicated 
that the Fit2Thrive app was acceptable and participants were 
able to use the app. Future work will test the efficacy of this app 
to increase MVPA.
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INTRODUCTION
Nearly 4 million breast cancer survivors live in the 
USA, and this number is expected to increase to al-
most 5 million over the next decade [1]. Increased 
moderate and vigorous intensity physical activity 
(MVPA) is consistently associated with improve-
ments in health outcomes among breast cancer 
survivors including reduced treatment-related 
side effects, cancer recurrence, and mortality, and 

increased quality of life [2–5]. However, 85% of sur-
vivors do not meet public health recommendations 
for MVPA [6]. As the number of breast cancer sur-
vivors increases, it is critical to develop effective 
MVPA-promotion interventions to improve health 
and disease outcomes.

Mobile health (“mHealth”) MVPA interven-
tions have demonstrated efficacy for increasing 
MVPA in populations such as older adults, chil-
dren and adolescents, and patients with type-2 dia-
betes [7–9]. Furthermore, digital health behavior 
change interventions, including text messaging and 
website-based interventions, have been shown to sig-
nificantly increase MVPA and decrease body mass 
index [10]. With recent estimates of smartphone 
ownership among cancer survivors ranging from 
68% to 93%, based on age and educational attain-
ment, mHealth interventions present an opportunity 
to reach a greater population [11–13]. Additionally, 
mHealth MVPA interventions and wearables are 
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viewed as acceptable for promoting MVPA among 
breast cancer survivors [14–16]. To the best of our 
knowledge, there have been two completed, fully 
powered, randomized controlled trials of breast 
cancer survivors. One conducted by Lynch and col-
leagues using a wrist-worn wearable (Garmin Vivofit 
2)  coupled with an in-person behavioral feedback 
and goal setting sessions and telephone health 
coaching sessions [16]. The intervention group dem-
onstrated a significant increase in MVPA compared 
with the waitlist control group (69 min/week [95% 
CI: 22, 116]). Uhm et al. compared the effect of an 
mHealth + pedometer intervention with an educa-
tional brochure intervention to increase MVPA in 
breast cancer survivors (N = 356). The Smart After 
Care App provided participants with their weekly 
MVPA goals in minutes/week and provided they are 
weekly exercise prescription including resistance 
training and stretching exercise videos. Total meta-
bolic equivalents (METs) increased significantly 
from baseline to 12 weeks for both groups with 
no significant differences seen between the groups 
[17]. The remaining mHealth interventions that 
have been conducted among cancer survivors have 
been pilot studies based on smartphone or online 
platforms [18–21]. In light of these results, the wide-
spread ownership of smartphones [22] and increas-
ingly ubiquitous ownership of wearables given 1 in 5 
Americans own a wearable device (i.e., smart watch 
or fitness tracker) [23], mHealth MVPA promo-
tion interventions may be a scalable, less resource-
intensive strategy than in-person interventions to 
reach breast cancer survivors [24].

Although there are many “of the shelf” MVPA 
smartphone apps available, a recent review found 
only one-fifth contained quality content featuring 
behavior change techniques that maximize usability, 
safety, and impact for people affected by cancer [25]. 
Additionally, key findings from our prior mixed 
methods work which included themes related to 
(a) the importance of the app being relevant to the 
breast cancer survivor population, (b) ease of use, 
(c) integration with wearable activity trackers, and 

(d) providing survivors with a sense of accomplish-
ment informed the development and tailoring of the 
Fit2Thrive app for breast cancer survivors [14]. The 
Fit2Thrive app was developed to promote the safe 
adoption and maintenance of MVPA for this popu-
lation. We are currently testing the efficacy of the 
Fit2Thrive app in the Fit2Thrive trial [26], a ran-
domized trial using the Multiphase Optimization 
Strategy (MOST) [27] to test five technology sup-
ported intervention components to increase MVPA, 
which included receipt of a standard app, deluxe 
app, app notifications, coaching calls, and social 
support from a buddy. One of the components to 
be tested as part of the Fit2Thrive intervention trial 
is a comparison of the efficacy of a “standard” ver-
sion of the Fit2Thrive app versus a “deluxe” version 
of the app that included additional features that 
may increase physical activity participation. The 
“standard” version includes Fitbit integration, self-
monitoring features, and educational content [26]. 
The “deluxe” version included additional features 
including a newsfeed, planning tool, and goal set-
ting challenges [26]. Another component tested was 
tailored text messages (on/off) that are embedded in 
the Fit2Thrive app.

The purpose of the present study was to evaluate 
the usability of the Fit2Thrive smartphone app, 
including all standard and deluxe app features, and 
the acceptability of app notification content prior to 
implementation of the mobile phone app compo-
nent in the Fit2Thrive intervention. In this paper, we 
describe our iterative process and present findings 
on (a) usability including functionality, aesthetics, 
and engagement and (b) preferences for app notifi-
cation content.

METHODS

Study design
A user-centered, iterative design process was util-
ized over 18 months. This included iterative evalu-
ation of app components using two groups of field 
tests with refinement between successive field tests. 

Fig 1 | App design process overview.
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Additionally, we conducted a review of potential 
content for app notifications in a third group of 
breast cancer survivors. Figure 1 details the full, it-
erative app development and refinement process.

Prototype development
Initial app features were identified in order to target 
social cognitive theory constructs (i.e., self-efficacy, 
goal setting, self-monitoring, and barrier/facili-
tators) and final features were selected based on 
breast cancer survivor (N  =  96, 55.8  + 10.2  years 
old, highly educated (83.7% college degree or 
greater), and majority of Stage I or II breast cancer 
diagnosis (88.1%) interviews and responses to an on-
line questionnaire regarding app feature preferences 
[14]. Five themes emerged from these interviews: (a) 
importance of relevance to breast cancer survivors, 
(b) easy to use, (c) integration with wearable activity 
trackers, (d) provide a sense of accomplishment, and 
(e) variability in desired level of structure and per-
sonalization. Questionnaire data provided process 
information including addressing questions such as 
(a) what type of educational information would be 
important to have, (b) what activity feedback would 
you like, and (c) what would you like the frequency 
of reminder messages to be. Greater details on app 
feature selection have been published previously 
[14]. These data were then used by a multidiscip-
linary team as the foundation to develop a minim-
ally viable test prototype of the Fit2Thrive app. The 
app prototype was examined for usability and per-
ceived usefulness.

Fit2Thrive app description

Overview. Because the purpose of the Fit2Thrive 
trial is to test five technology-supported interven-
tion strategies for increasing MVPA in breast cancer 
survivors, two versions of the Fit2Thrive App were 
developed to determine which was more effica-
cious for increasing physical activity: the standard or 
deluxe app. The app was built with several modules 
that could be turned on or off depending on partici-
pants’ group membership.

Standard App Features. Standard app features were 
(a) self-monitoring and (b) tracking of physical ac-
tivities and were chosen to target the social cogni-
tive theory construct self-monitoring [28,29]. These 
features were implemented via full integration with 
a Fitbit activity tracker which included automatic 
syncing of data from the Fitbit app to the Fit2Thrive 
app or manual entry of activities using the “Add 
Activity” function when the Fitbit is not worn or 
does not appropriately capture the activity. Manual 
entry of activity included selecting a physical activity 
using the search function to search a library of all 
relevant moderate and vigorous activities from the 
compendium of physical activities [30]. To promote 

self-monitoring, participants were provided four sep-
arate modules. First, participants received visualiza-
tions (charts and graphs) of progress towards their 
weekly MVPA minute goal in the “Physical Activity 
This Week “module. They were provided with feed-
back on their daily activity in the “Physical Activity 
Today” module which included total MVPA min-
utes with these minutes broken down into moderate 
and vigorous as well as the minutes as obtained 
from the Fitbit or manual entry. There was also a 
“My Progress” module, which provided detailed 
feedback on activity from the previous 4 weeks 
including minutes, steps, and distance. Finally, the 
app included a “Fit Lessons” module that targeted 
education and provided educational materials on 
safely increasing physical activity, physical activity 
guidelines, and effective behavior change strategies.

Deluxe app features. The deluxe app included the 
standard app modules targeting self-monitoring 
and tracking physical activity plus the following 
additional modules with the intention to target add-
itional social-cognitive constructs, goal-setting, and 
self-efficacy: (a) “Today’s Goal”; (b) “This Week’s 
Challenge”; and (c) “My Fit News.” The “Today’s 
Goal” module is a weekly goal setting tool that in-
cluded a scheduler allowing participants to schedule 
physical activities on specific days/times and pro-
vided them reminders [28,29]. The “This Week’s 
Challenge” module allowed participants to enroll 
in individual weekly challenges that set a daily ac-
tivity “challenge” specific to minutes (e.g., 5 min of 
MVPA/day challenge) or steps (e.g., the 7,000 steps/
day challenge) with progressively harder challenges 
becoming unlocked as easier ones were achieved. 
The “MyFit News” module included two pre-
scheduled weekly posts: (a) “Survivors Spotlights” 
and (b) “Fit Studies.” “Survivor’s Spotlights” high-
lighted a survivor who had successfully become 
active including how she started becoming more ac-
tive, what her exercise routine looks like, her motiv-
ation, tips to stay motivated and overcome barriers, 
and any advice to share with other survivors’. The 
“Fit Studies” included a lay summary of physical 
activity research in breast cancer survivors and fea-
tured topics such as benefits of tai chi/yoga, benefits 
of reducing sedentary behavior, psychological bene-
fits of exercise, and cognitive benefits of exercise.

Fit2Thrive app notifications.  A second component to be 
tested in the Fit2Thrive trial was whether receiving 
messages or notifications through the Fit2Thrive app 
as an additional feature targeting the social cognitive 
theory construct outcome expectations, to increase 
physical activity [26,28,29]. Participants who were 
randomized to receive the messaging component 
would receive between one and five automated mes-
sages daily. Message categories included enhancing 
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social cognitive theory constructs, motivational, 
goal accomplishment, and reminders to sync Fitbit 
or add manual activities. Those not randomized to 
receive notifications only received the reminder no-
tifications. In this paper, we only describe survivors’ 
preference ratings of the notification message con-
tent and do not test functionality of participants re-
ceiving the notifications.

Recruitment
All study procedures were approved by the uni-
versity institutional review board. Women were 
recruited via email from the Love Research Army 
(formerly Army of Women), a nationwide registry of 
women interested in participating in breast-cancer 
related research. Inclusion criteria included: female, 
18 years of age or older, previous diagnosis of Stage 
I-III breast cancer, ≥3 month post-primary treatment 
(i.e., surgery, chemotherapy, and radiation), could 
speak, read, and write in English, owned a smart-
phone, and had access to a computer with Internet. 
Further details on recruitment and screening are 
provided elsewhere [14]. We further restricted the 
eligibility criteria for app field-testing to a conveni-
ence sample of those who owned a Fitbit (n = 22; 
n = 8 iOS users for field test 1; n = 6 android users; 
and n = 8 iOS users for field test 2) from the original 
sample (n = 96) so Fitbit integration features could 
be tested. Participants in field test 1 were limited to 
iOS users because the Fit2Thrive android prototype 
had not been developed. Finally, a third subsample 
(n = 15) was randomly selected to complete app no-
tification content review from the original sample 
(n = 96) using a pre-populated computer algorithm. 
Prior to participation, all participants completed an 
informed consent approved by the university’s insti-
tutional review board.

Procedures
Participants selected to complete field-testing were 
e-mailed instructions for downloading and using 
the Fit2Thrive app and connecting their Fitbit 
to the Fit2Thrive app. Participants were asked to 
use the app for at least 3 days and spend approxi-
mately 30 to 60 min interacting with the app each 
day. They were also instructed to provide feedback 
to developers in real time regarding their opin-
ions on app features and functionality. Participants 
were explicitly instructed not to change their usual 
physical activity patterns as part of the field test, as 
the purpose of the field test was solely to evaluate 
the application’s functioning and ease of use in 
everyday life. Participants in field test 1 tested all 
of the “standard” app modules including Fitbit in-
tegration and all tracking, self-monitoring, and 
feedback modules (i.e., progress, manually adding/
editing activities, and activity tracking). Participant 
feedback was compiled and reviewed by the study 

team and developer team and expert judgements 
were made about what changes to make to the app. 
Participants in field test 2 tested a revised version 
of the “standard” app based on feedback from field 
test 1 participants as well as the “deluxe” app fea-
tures (goal-setting tool and challenges) that had not 
yet been developed for field test 1. The differences 
in app features noted above are illustrated in Fig. 2. 
Figure 2a presents an image of the Fit2Thrive app 
home screen during field test 1 and Fig. 2b shows 
the home screen during field test 2. The Fit News 
feature was not tested during this phase since it was 
a noninteractive feature.

MEASURES

Demographic and disease characteristics
Participants self-reported demographic (age, race, 
and education) and disease characteristics (stage, 
treatment received, time since diagnosis, and self-
rated health) through an online questionnaire 
completed upon study enrollment. Additionally, 
participants self-rated their smartphone/app pro-
ficiency by answering the single question, “What 
is your perceived level of proficiency in the use of 
your smartphone and smartphone mobile apps?” 
with responses ranging from 1 (unskilled) through 
5 (expert).

Post-field test surveys
Participants reported overall satisfaction and ease 
of using the app through two online surveys at the 
completion of the app testing period. The Post-
Study System Usability questionnaire (PSSUQ) is 
a 19-item questionnaire assessing usability charac-
teristics which participants rated on a scale from 1 
(strongly agree) to 7 (strongly disagree) with a not 
applicable option. The overall score was calculated 
by averaging the scores from the 7 points of the 
scale. In addition, three subscales were calculated: 
system usefulness, information quality, and interface 
quality. Lower scores represent better performance 
and satisfaction. Normative scores are provided by 
subscale to determine whether answers fall within 
expected norm scores. Originally developed to rate 
users satisfaction with computer systems in 1980, 
evidence has continued to show the PSSUQ’s reli-
ability (r = 0.96) across technological advancements 
through the years [31].

The User Version of the Mobile Application 
Rating Scale (uMARS) is a 20-item measure used 
to classify and assess the quality of mobile apps 
[32]. The uMARS has three parts: (a) four, ob-
jective quality subscales—engagement, function-
ality, aesthetics, and information; (b) a subjective 
quality scale; and (c) one subscale to measure user’s 
perceived impact of the evaluated app. In part 1, 
participants rated responses to the items on a 
scale ranging from 1 to 5 (1: Inadequate, 2: Mostly 
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Inadequate, 3: OK, 4: Moderately good, and 5: 
Excellent) with a not applicable option added. 
Higher scores indicated better ratings. In part 2, 
participants rated subjective quality questions 
on a scale ranging from 1 to 5 with higher scores 

indicating better ratings but labels differed by ques-
tion. For part 3, participants rated perceived impact 
on a 1 (strongly disagree) to 5 (strongly agree) likert 
scale. The uMARS has exhibited high internal con-
sistency for all subscales (α = 0.90) [32].

Fig 2 | (a) Field test group 1 Fit2Thrive app home page and (b) field test group 2 Fit2Thrive app home page.
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Qualitative feedback
Participants reported any issues with app functionality 
or feedback on features in real time via the beta version 
of the app, email, or one free response item following 
completion of the PSSUQ and uMARS: “Please pro-
vide any further comments about the Fit2Thrive app.” 
Three researchers (S.P., P.S., and L.A-.G.) independ-
ently reviewed the responses and recorded comment 
themes. Independent review themes were assessed, 
and any discrepancies were settled by further discus-
sion and consensus among all researchers to comprise 
final comment themes reported.

App notification content review survey
This survey provided participants with three op-
tions asking them to indicate whether they (a) 
liked, (b) disliked, or (c) felt neutral about the con-
tent of potential app notifications that users could 
receive via the Fit2Thrive app. Participants were 
asked to rate 40 positive/motivational messages, 
10 self-monitoring messages, 34 weekly goal-
accomplishment messages, and 5 entry reminder 
messages.

Statistical analysis
All quantitative data were analyzed in SPSS version 
26 (IBM Corp., Chicago, IL). Frequencies and de-
scriptive statistics were used to analyze participant 
characteristics and participant responses to the 
PUSSQ and uMARS questionnaires. Qualitative 

data from written participant responses were re-
corded, summarized, and analyzed using directed 
content analyses [33].

RESULTS

Participants
A total of eight participants completed the field test 
1, 14 participants completed field test 2, and 15 par-
ticipants completed the content review. All three 
field test groups were comprised of independent 
samples of participants. The average age for all par-
ticipants (N = 37) was 55.6 ± 11.2 years old. Most 
participants were white (94.6%) and highly educated 
(89.2% college graduate or greater). Fifty-nine per-
cent of participants reported stage 1 breast cancer 
diagnosis, 32.4% reported stage 2, and 8.1% reported 
a stage 3 diagnosis. On average, participants were 
31.7  ± 15.4  months since their diagnosis. All par-
ticipants reported having received surgery as part 
of their treatment plan in addition to 48.6% having 
received chemotherapy, 64.9% having received radi-
ation therapy, and 67.6% having received endocrine/
hormone therapy. Overall, 94.6% of participants self-
rated their overall health status as “good” or better. 
Participants self-reported that they engaged in an 
average of 124.1 ± 106.1 min per week of MVPA. 
Finally, participants rated their perceived level of 
smartphone/smartphone mobile app proficiency as 
intermediate (35.1%), advanced (40.5%), or expert 

Table 1 | Participant characteristics [mean (SD) or n(%)]

Variable Field test 1 (n = 8) Field test 2 (n = 14) Content review (n = 15)

Age (years) 55.3 (11.8) 53.9 (10.4) 57.5 (12.0)
Race [n(%), white] 8 (100%) 13 (93%) 15 (100%)
Education (n, college education or greater) 8 (100%) 12 (86%) 13 (87%)
Stage
  1 5 (63%) 8 (57%) 9 (60%)
  2 2 (25%) 6 (43%) 4 (27%)
  3 1 (13%)  2 (13%)
Treatment
  Received surgery 8 (100%) 14 (100%) 15 (100%)
  Received chemotherapy 3 (38%) 7 (50%) 8 (53%)
  Received radiation 4 (50%) 8 (57%) 12 (80%)
  Endocrine/hormone therapy 5 (63%) 11 (79%) 9 (60%)
Time since diagnosis (months) 32.6 (15.3) 35.4 (17.7) 27.6 (12.8)
Self-rated health status
  Fair  2 (14%)  
  Good 5 (63%) 9 (64%) 5 (33%)
  Very good 2 (25%) 2 (14%) 9 (60%)
  Excellent 1 (13%) 1 (7%) 1 (7%)
Physical activity (min/week) 108.8 (88.8) 92.1 (73.9) 162.0 (131.2)
Perceived level of smartphone/smartphone app proficiency
  Intermediate 4 (50%) 5 (36%) 4 (27%)
  Advanced 2 (25%) 6 (43%) 7 (47%)
  Expert 2 (25%) 3 (21%) 4 (27%)
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(24.3%). Participant characteristics broken down by 
field test group are presented in Table 1.

PSSUQ results
PSSUQ results are detailed in Table 2. The overall 
average PSSUQ score was 3.8  ± 1.4 for field test 
1 and 3.2  ± 1.1 for field test 2.  When subscales 
are examined, the best ratings were reported for 
interface quality (field test 1: 3.3  ± 2.3; field test 
2: 2.9 ± 1.2), followed by system usefulness (field 
test 1: 3.7 ± 1.7; field test 2: 3.2 ± 1.1), and finally 
information quality (field test 1: 4.1 ± 1.4; field test 
2: 3.7 ± 1.2).

uMARS results
uMARs results are detailed in Table 3. Both field 
test 1 and field test 2 participants completed this 
survey. The overall app quality mean score was 3.4 ± 
1.3 for field test 1 and 3.4 ± 0.6 for field test 2. All 
subscale averages (i.e., engagement, functionality, 
aesthetics, and information) were greater than or 
equal to 3.0 (or a rating of “OK” or better). Field test 
2 participants predominantly indicated that there 
were several people who would recommend this 
app to (43% of field test 2 participants). Participants 
in both field test 1 and field test 2 predominantly en-
dorsed the question, would they use the app greater 
than 50 times over the next 12 months, with 57% of 
participants in field test 1 and 43% of participants in 
field test 2 indicating this frequency. Participants in 
both field-testing groups indicated that they would 
likely not pay for the app and the average overall 
star rating was 3.0 ± 1.0 for field test 1 and 2.9 ± 0.9 
for field test 2 out of 5 stars.

Similarly, all participant’s average responses to 
the app specific questions (awareness, knowledge, 
attitudes, intention to change, help seeking, and 
behavior change) or their perception of the impact 
the app will have on the changing physical activity 
behaviors were greater than 3.0, on a five-point li-
kert scale ranging from 1 (strongly disagree) to 5 
(strongly agree).

Free response results
Field test 1 participants’ general comments ad-
dressed issues with “clunkiness” of the app functions 
in addition to difficulties syncing self-monitoring 

features. Additionally, participants noted that the 
app, in its current state, was basic in comparison to 
the Fitbit app or too similar to the Fitbit app. An ex-
ample of one participant’s feedback, “The app at the 
current time is pretty basic. Not that much different 
from the Fitbit App.”

Field test 2 participants’ comments included 
issues with functioning errors and lack of obvious 
instructions or feedback. For example, participants 
identified syncing or formatting errors encoun-
tered while using the app. One participant noted, 
“Overall I enjoyed using the app. It didn’t sync with 
my Fitbit accurately at all times. My main issue with 
Fitbit and this app were how many of the activities 
I engage in didn’t record steps.” They also indicated 
that some functions of the app were not intuitive, 
such as feedback on completing challenges, setting 
goals, and identifying current goals. Finally, two 
field test 2 participants asked for greater inclusion 
of breast cancer survivor-specific content within the 
app with one participant noting, “I did not see any 
specific reference to breast cancer.”

Content review survey
Survivors in the content review group indicated 
that they “liked” 53% of the self-monitoring mes-
sages, with 26% of total responses neutral and 21% 
“dislike.” For the MVPA entry reminder or re-
minder to sync notifications, responses indicated 
that they liked 71% of the notifications, had neutral 
feelings towards 17% of notifications, and “disliked” 
12% notifications. For the positive motivational no-
tifications, participants indicated 60% “liked,” 26% 
neutral, and 13% “dislike” responses. Finally, for 
the weekly goal accomplishment notifications, par-
ticipants rated 70% “liked,” 22% neutral, and 9% 
“disliked.” A few example notifications from each 
category with corresponding participant ratings are 
reported in Table 4.

DISCUSSION
The preparation phase of MOST is critical to 
developing an effective, feasible, and scalable 
behavioral intervention. The purpose of this 
study was to describe and report the results of 
the user-centered, iterative design process to de-
velop and test the Fit2Thrive mobile app for use 
in a multicomponent physical activity intervention 
in breast cancer survivors. Overall, participants 
rated the app usability, including functionality, 
engagement, and aesthetics as “OK” or better. 
Importantly, participants rated that they “strongly 
agreed” the app had potential to change physical 
activity behavior in breast cancer survivors. These 
ratings conveyed confidence to the research team 
in the final app used in the subsequent physical ac-
tivity intervention among breast cancer survivors 
that was updated based on feedback from the field 
testing before deployment.

Table 2 | Field test results for the Post-Study System Usability 
Questionnaire

App quality mean 
scores

Average rating (1–7)

 Field test 1 SD Field test 2 SD
Overall score 3.8 1.4 3.2 1.1
System Usability 3.7 1.7 2.8 1.3
Information Quality 4.1 1.4 3.7 1.2
Interface Quality 3.3 2.3 2.9 1.2
Scores range from 1 to 7 and lower scores indicate higher satisfaction.
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Our field test consisted of two field tests groups 
with researchers and developers revising the app 
between field test 1 and field test 2 to incorp-
orate field test 1 feedback and add additional 
app features. Keeping in mind that lower scores 
indicate better performance and satisfaction on 
a 7-point scale, overall PSSUQ results and each 
PSSUQ subscale result were lower (or appeared 
to improve) at field test 2 compared to field test 
1, but were unable to test significance. uMARS 
results averaged at least a 3.0, corresponding to 
“OK,” or higher (on a five-point scale with higher 
score indicating better ratings) on overall scores 
and all subscale scores at field test 1 and field test 
2. Furthermore, participants rated the app-specific 
behavior change subscale the highest with an 
average score of 4.0 ± 1.0 for field test 1 and 4.3 ± 
0.9 for field test 2 on a 5-point scale, indicating 
that field test users believed use of the app would 
change physical activity behavior in breast cancer 
survivors, the intended app purpose. Collectively, 
these results suggest that the user-centered itera-
tive process employed was successful in eliciting 
app satisfaction and performance.

While the use of a user-centered iterative design 
process to ensure that reliable, effective products 
are being tested through behavior change inter-
ventions may seem time-consuming, producing 
an app that users ultimately do not find meeting 
their needs is a much larger waste of resources in 
the long run. Additionally, there is a further elong-
ation in the cycle of research dissemination [34]. 
Our results revealed that participants found the 
app useful and could see its potential even as they 
reported possible improvements and areas where 
the app could meet their needs to a greater de-
gree. For example, in both field test groups, par-
ticipants rated that the app could change physical 
activity behaviors. Although using commercially 
available apps may provide an “off the shelf” gen-
eralizable option compared to app development 
which remains a time consuming and intensive 
process, a large limitation looms in that companies 
often unexpectedly introduce proprietary updates 
or data changes that may significantly alter an 
intervention. Future research should additionally 
investigate the usefulness of a “hybrid” model, 
for example, an academic-industry partnership, 
in developing and disseminating apps to promote 
physical activity among specific populations.

This study had many strengths. We used a user-
centered design approach to ensure that the app 
design was relevant and usable by the intended 
population group, breast cancer survivors. Our field 
tests were conducted in a free-living setting pro-
viding a greater reflection of real-world difficulties 
that might arise. Finally, we employed an iterative 
design process that allowed for integration of feed-
back and revision of the app prior to deploying it in 
a large-scale behavioral intervention. This provided 

us with additional confidence that any success or 
breakdown of the app intervention component was 
not due to poor usability of the app. Limitations in-
clude restricted generalizability as our sample was 
mostly white and college educated. In addition, we 
recruited only participants who already owned a 
Fitbit for the two field tests. That eligibility criterion 
may have biased participants to be more critical of 
the Fit2Thrive app since fitness apps were not as 
novel to them as to someone who was not already 
familiar with the Fitbit app. While the Fit2Thrive 
app and Fitbit app have some similarities, such as 
providing feedback on activity, the Fit2Thrive app 
incorporated additional features such as enrolling in 
physical activity challenges or goal setting including 
a scheduler to schedule activity into your day that 
would have been new for participants. Finally, our 
sample size was small; however, prior research sug-
gests that 85% of usability issues can be identified 
with five people [35] and free responses indicated 
saturation within and between field testing groups.

CONCLUSIONS AND FUTURE DIRECTIONS
We employed an iterative, user-centered app de-
velopment process that included conducting two 
field testing groups and an app notification rating 
survey. Our process ensured a critical component 
of the Fit2Thrive physical activity behavior change 
intervention, and the Fit2Thrive app was empir-
ically evaluated by the target population. Future 
research will test the effectiveness of the app to 
promote physical activity in breast cancer survivors 
using the MOST framework. Results from this trial 
will provide valuable information on the efficacy of 
a user-centered–developed physical activity promo-
tion app in increasing physical activity behaviors in 
breast cancer survivors.
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