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Abstract

Background: There is currently limited evidence on the level and intensity of physical activity in individuals with hemophilia
A. Mobile technologies can offer a rigorous and reliable alternative to support data collection processes but they are often associated
with poor user retention. The lack of longitudinal continuity in their use can be partly attributed to the insufficient consideration
of stakeholder inputs in the development process of mobile apps. Several user-centered models have been proposed to guarantee
that a thorough knowledge of the end user needs is considered in the development process of mobile apps.

Objective: The aim of this study is to design and validate an electronic patient-reported outcome mobile app that requires
sustained active input by individuals during POWER, an observational study that aims at evaluating the relationship between
physical activity levels and bleeding in patients with hemophilia A.

Methods: We adopted a user-centered design and engaged several stakeholders in the development and usability testing of this
mobile app. During the concept generation and ideation phase, we organized a need-assessment focus group (FG) with patient
representatives to elicit specific design requirements for the end users. We then conducted 2 exploratory FGs to seek additional
inputs for the app’s improvement and 2 confirmatory FGs to validate the app and test its usability in the field through the mobile
health app usability questionnaire.

Results: The findings from the thematic analysis of the need-assessment FG revealed that there was a demand for sense making,
for simplification of app functionalities, for maximizing integration, and for minimizing the feeling of external control. Participants
involved in the later stages of the design refinement contributed to improving the design further by upgrading the app’s layout
and making the experience with the app more efficient through functions such as chatbots and visual feedback on the number of
hours a wearable device had been worn, to ensure that the observed data were actually registered. The end users rated the app
highly during the quantitative assessment, with an average mobile health app usability questionnaire score of 5.32 (SD 0.66;
range 4.44-6.23) and 6.20 (SD 0.43; range 5.72-6.88) out of 7 in the 2 iterative usability testing cycles.

Conclusions: The results of the usability test indicated a high, growing satisfaction with the electronic patient-reported outcome
app. The adoption of a thorough user-centered design process using several types of FGs helped maximize the likelihood of
sustained retention of the app’s users and made it fit for data collection of relevant outcomes in the observational POWER study.
The continuous use of the app and the actual level of engagement will be evaluated during the ongoing trial.
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Introduction

Background
Patients with hemophilia A, an X-linked recessive bleeding
disorder that occurs in approximately 1 in 5000 live male births,
suffer from bleeding episodes, especially in their joints and
muscles, and moderate impairment of balance and mobility
associated with reduced bone mineral density in both
adolescence and adulthood [1]. Because of these limitations,
patients with hemophilia typically exhibit reduced levels of
physical activity [2].

Few empirical studies have reported on the level and intensity
of physical activity in small cohorts of children and adolescents
[3-5] and in adult populations with hemophilia A [6-9]. These
studies were based on either accelerometers or patient-reported
questionnaires and showed that the recommended quantity and
quality levels of physical activity were often unmet, with the
degree of joint damage accounting for only a small fraction of
the observed variability [10]. However, no study has measured
the physical activity levels in the hemophilia population and
evaluated the correlation between the sequelae of different
bleeds and the consequent limitations on physical activity levels.

POWER, a multicenter, noninterventional, prospective study
aims at contributing to fill this gap by evaluating the relationship
between physical activity levels (and intensity) and bleeding in
a target population of approximately 150 individuals aged
between 12 and 50 years with severe (Factor VIII<1%) or
moderate (Factor VIII≥1% and Factor VIII≤2%) hemophilia A
without inhibitors against Factor VIII. The study was approved
by the Ethics Committee of each participating clinical center
and registered at ClinicalTrials.gov (NCT04165135).

This study leverages the widespread availability, low cost, and
high degree of reliability of mobile technologies [11] to support
the collection of significant amounts of data, including physical
activity levels and patient-reported outcome measures (PROMs)
[12]. In the field of hemophilia, previous studies have addressed
the potential of telehealth-delivered interventions and mobile
health (mHealth) solutions to enhance patient adherence to
medication and promote independence in disease management
[13], improve record keeping [14], and create patient
communities that facilitate the interaction of people with
hemophilia [15], particularly when they move to adult treatment
centers and may report significant feelings of isolation [16].
Although the potential of mHealth technologies to support data
collection processes in hemophilia is essentially unexplored,
data collection in the POWER study instead relies on 2 different
digital devices. The physical activity levels were measured daily
in terms of active minutes, the metabolic equivalent of tasks,
and the step counts by a wearable fitness device (also called
fitness tracker) used continuously during the study participation.

Concurrently, other relevant self-reported outcome domains
(bleeds, medications used for bleeds treatment, health-related
quality of life, visual analog scale for pain, etc) were registered
through an electronic patient-reported outcome (ePRO) app
installed on smartphones or tablets after enrollment.

Although a fitness tracker collects physical activity levels
through passive sensing, without requiring any extra effort to
input data and with very limited engagement with the device
besides the need to wear it, the ePRO app requires sustained
active input by study participants.

Objectives
User engagement and the continuous app use are persisting
challenges in mHealth app implementation [17], with poor user
retention being observed in the real world [18,19]. This is also
true for ePRO systems, whose interfaces should be continuously
monitored and improved to reduce the attrition rates in clinical
trials and to enhance the retention postimplementation in clinical
practice [20]. A decreasing adherence rate to electronic reporting
has also been observed in previous studies that involved digital
solutions for patients with hemophilia [21-23].

This effect can be partly attributed to the lack of stakeholder
input in the development of mHealth technologies: the apps are
often made available to the public without sufficient attention
devoted to their design [24] and without a thorough
understanding of the context of their proposed deployment and
the needs of their end users, regardless of whether they are
patients, caregivers, or clinicians [25].

Therefore, to maximize electronic outcome reporting and to
ensure continuous data collection throughout the POWER study,
we incorporated users’ expectations, experiences, and needs in
the design process of the ePRO app. This paper reports on the
process adopted for the development of a mobile app aimed at
collecting PROMs in patients with hemophilia A during the
POWER study.

Methods

Theoretical Framework: User-Centered Design
Approach
We adopted a user-centered design (UCD) and engaged
prominent stakeholders in the development of the ePRO app
[26]. Among the existing design methods of mHealth apps,
UCD primarily focuses on the tasks or activities that the users
must accomplish and identifies the corresponding user needs
to tackle [27].

According to the UCD approach, during the concept generation
phase, a thorough investigation of the needs is conducted to
understand the environment of the end users and their
requirements. On the basis of this investigation, a set of
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functional requirements were identified for the ePRO app
through thematic analysis, leading to the design of a prototype.
The next phases of the design cycle included continuous,
iterative evaluation and refinement of the prototype and its
usability testing.

Study Design
To improve the app rapidly during the user-centered process,
we used focus groups (FGs) as a human factor research
technique [28], which could provide appropriate evaluations
owing to their flexibility and their ability to probe the
participants on key design ideas [29]. Figure 1 shows the various
design phases adopted to build the final app.

Figure 1. Design process of the electronic patient-reported outcome app.

In harmony with UCD, the initial concept generation phase
aimed to analyze the environment of the projected end users of
the app and to determine their specific requirements in the
context of the POWER study. An initial prototype of the app
conceived on the basis of the study goals defined in the protocol
was used as a starting point and included 3 main screens: (1)
the home page, where recent interactions with the app and
activities due were listed; (2) the questionnaire page, through
which all the PROMs could be accessed and completed; and
(3) the My Health Diary page, where all the recorded data could
be retrieved.

The need-assessment FG aimed to elicit specific design
requirements and specifications for the prototype app and to
bring the environment of the intended end users to focus. The
script of this initial meeting revolved around: (1) the definition
of functional features to be included in the app to maximize the
participants’engagement with data collection; (2) the suggestion
of app characteristics, intended as elements that would qualify
the app’s visual appearance and its speed or ease of usage; and
(3) the discussion of a specific design feature of mHealth
studies: the preference between having the app installed on the
participant’s own device (thus following a personal device
strategy) or receiving a study device at enrollment with the app
downloaded on it.

On the basis of the results of this preliminary activity, we
implemented a set of functionalities and engagement strategies
and discussed them during the following cycles of the design
process, when 2 complementary, yet different sets of FGs were

run: exploratory FGs (EFGs) and confirmatory FGs (CFGs)
[28].

EFGs were conducted to seek additional inputs for improvement,
to refine the prototype, and to maximize the likelihood of
technology acceptance. A moderator demonstrated the intended
use of the mobile app, while participants were asked to provide
their feedback on the proposed prototype during an open
discussion.

When the finalized version of the app was completed, the CFGs
aimed at gathering evidence of its preliminary efficacy. After
a brief introduction of the study objectives, the participants were
provided with a smartphone or a tablet equipped with the ePRO
mobile app, presented with its use case scenarios, and asked to
perform a list of 10 different activities (Textbox 1).

After the test, the participants were asked to quantitatively assess
the usability of the app, a multidimensional property associated
with attributes such as ease of use, user satisfaction,
attractiveness of the layout, and error rates compared with the
intended use [30]. According to the World Health Organization,
usability testing constitutes the initial step of the evaluation
process of any digital health technology [31]. To evaluate the
usability of the ePRO app, participants completed the mHealth
app usability questionnaire (MAUQ), an 18-item questionnaire
recently developed by scholars on a 7-point Likert scale ranging
from 1 (strongly disagree) to 7 (strongly agree) [32]. The
MAUQ is the first scale developed to specifically assess the
usability of mHealth apps, and its reliability and validity were
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shown and compared against other commonly used
questionnaires that were not strictly designed for mHealth apps
[32]. For the app validation process, we presented the
participants with the standalone, patient-specific version of the
questionnaire, which included 3 main dimensions: (1) ease of
use, (2) interface and satisfaction, and (3) usefulness. According

to the questionnaire scoring method, higher average values
indicated higher usability levels of the app. The MAUQ is yet
to be validated in Italian: we used forward and backward
translation to adapt the instrument but did not aim to formally
validate it, given the small number of panel components.

Textbox 1. Use case scenarios for the electronic patient-reported outcome app (N=10).

1. You have just been enrolled in the POWER study. Go to the Study Details section to read the main characteristics of the study and the reasons
why your participation is significant.

2. Use the Medication Reminder function to set an alert every 3 days at 6:30 PM.

3. Report a bleeding episode that happened yesterday in your right thigh and was treated with Factor VIII inhibitors. The bleeding ended and resulted
in no days away from school or work.

4. Complete the Health Questionnaire you have pending on the home screen. You are feeling great today!

5. Ask the chatbot if your wristband is synchronized with the ePRO mobile device.

6. Fill in the Assigned Treatment questionnaire that you find in the Messages section.

7. After a follow-up with your clinician, your therapeutic plan has been modified. Modify the Medication Reminder settings and set an alert every
Tuesday and Thursday at 8:30 AM.

8. The month is coming to an end: fill the Patient and Caregiver Burden questionnaire and report 2 days away from work in the past month.

9. Go back to read the Enrollment Update section where updated statistics on enrolled participants are reported.

10. Check the My Diary section to verify that the information you have inputted are available and easily accessible.

Participants
We invited different target participants to undergo the various
rounds of FGs. The initial need-assessment FG was held in
February 2019, with the participation of 4 representatives of
patient associations for type A hemophilia. The choice to run
this initial meeting with representatives of the most established
patient associations in Italy was to maximize the understanding
of the particular needs of the targeted end user groups, owing
to their continuous and long-term contact with a significant
number of affected individuals.

Two different stakeholder groups participated in the subsequent
EFGs: 4 hematologists in the clinician FG held in May 2019,
whereas 5 patients with hemophilia A in the patient EFG in July
2019.

After the finalization of the refined app, we only involved the
intended end users during the CFG phase, with patients and
their parents (when patients were minor) being asked to
ultimately test the app. Prototype validation through usability
testing is usually achieved with 2 to 3 cycles of testing [33],
whereas for data saturation, small samples of 5 participants
typically identify approximately 80% of the usability issues
[34,35]. In this study, 2 different meetings were held in
November 2019 and January 2020, with 4 and 5 participants,
respectively.

Clinicians participating in the EFG were selected among the
study centers on a voluntary basis, whereas patients for both
EFGs and CFGs were recruited through the patient associations
involved in the initial stage of the design process. Health care
professionals were eligible if they were hematologists
specializing in bleeding disorders and could speak and read
Italian. Eligibility criteria for patients included: confirmed

diagnosis of hemophilia A, the ability and willingness to
complete outcome questionnaires on the ePRO app, the ability
to provide their written consent, and the ability to interact in
Italian. Parents of underage patients were invited to participate
if their children met the clinical eligibility requirements under
the study protocol and if they were willing to provide their
informed consent and to test the ePRO app. No rewards or
compensation were offered to the individuals participating in
the study, whereas a participation fee was awarded to the patient
associations involved.

Data Analysis
All FGs occurred in a conference room, lasted for approximately
90 minutes, and were recorded (audio only) and then
professionally transcribed. We obtained the written informed
consent from all the participants before the start of the meeting.
The participants were asked to provide essential personal data,
including their age, their professional role (if applicable), and
their self-reported comfort in the use of mobile devices. During
FGs, we used sticky notes to collect the recommendations of
the participants regarding design changes and content review.
The analysis of the need-assessment and exploratory FGs was
facilitated by Dedoose qualitative software (SocioCultural
Research Consultants), a web-based platform for mixed methods
analysis [36] that enabled the identification of recurrent themes
and the development of a coherent coding index. An inductive
analysis was performed by 2 researchers (FP and MC), with
emerging themes identified by the systematic reading and coding
of the transcripts. Different opinions between the coders were
discussed by the research team to reach a consensus.
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Results

Participant Characteristics
Of the 22 participants, 11 (50%) were patients, 4 (18%) were

patient representatives, 4 (18%) clinicians, and 3 (14%) parents
of young patients. Detailed information about the category, age,
and gender of the study participants by each research stage has
been presented in Table 1.

Table 1. Participant characteristics (N=22).

Total, n (%)CFGsc, n (%)EFGsb, n (%)Need-assessment FGa, n (%)Characteristics

Category

3 (14)3 (33)0 (0)0 (0)Caregiver

4 (18)0 (0)4 (44)0 (0)Clinician

11 (50)6 (67)5 (56)0 (0)Patient

4 (18)0 (0)0 (0)4 (100)Patient representative

Age (years)

8 (36)4 (44)4 (44)0 (0)<30

2 (9)1 (11)1 (11)0 (0)30-39

2 (9)1 (11)0 (0)1 (25)40-49

4 (18)1 (11)2 (22)1 (25)50-59

6 (27)2 (22)2 (22)2 (50)>60

Gender

16 (73)7 (78)6 (67)3 (75)Male

6 (27)2 (22)3 (33)1 (25)Female

aFG: focus group.
bEFG: exploratory focus group.
cCFG: confirmatory focus group.

Concept Generation: Need-Assessment FG
Thematic analysis of verbatim transcripts of the need-assessment
FG led to the identification of 6 themes that were of help in
refining the initial prototype.

First, the participants stated that it was paramount to guarantee
maximum simplification of the app functionalities, ensuring
that the burden on individuals was minimized to what was
strictly necessary for study purposes. One patient representative
said the following:

Rather than improving the quality and quantity of the
app experience, I believe it is fundamental to make it
easy, simple, user-friendly, and self-explanatory,
making it possible to access it also for somebody who
would not want to know how it actually works.
[Patient Representative, 53 years]

Second, the participants made specific recommendations about
the sense-making process related to the app, which should
leverage the intrinsic motivation of individuals to be part of a
noteworthy initiative where the individual benefit is negligible
when compared with the profit for the entire community of
interest. Therefore, numerous patient representatives suggested
the inclusion of specific functionalities to give feedback on the
study progress and make every individual part of a larger
community. For example, one patient representative vigorously
emphasized this point, as follows:

The appeal and the willingness to participate and
continuously input data are based on the fact that
somebody believes in what the study is proposing,
everything else is just a plus...you must necessarily
find a way to transfer the sense of what you are asking
people to do. [Patient Representative, 64 years]

Third, the FG participants suggested that the app should ensure
maximum integration, refraining from any request for data or
for doing tasks that can already be performed through different
means.

Fourth, a common theme pertained to the need to limit the
feeling of external control that a digital solution could exercise
on individuals, which can ultimately be linked back to the need
to ensure that the participants were reassured about the study’s
purposes and modalities. For instance, one participant said the
following:

No one should ever get the feeling of being controlled
by the app or somebody behind it. I have no need for
further sources of control that can make me feel more
ill than I already am. [Patient representative, 53 years]

The aesthetics of the user interface were identified as another
factor to improve, with the FG participants advising to adopt
different color sets to make the layout catchier, but not trivial,
than the initial one and to enable individuals to tailor some of
the app’s graphical features to their personal preferences.
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One final emerging theme pertained to the type of device used
during the POWER study. The participants unanimously agreed
that providing them with an additional device exclusively for
study purposes would prove excessively burdensome and would
not help maximize patient engagement, probably generating
increased attrition rates instead. One patient representative stated
as follows:

Honestly speaking, to propose in 2019 to participate
in a study in which individuals are obliged to use an
additional device could be detrimental to the overall
study participation. [Patient Representative, 40 years]

Changes to the App After Need-Assessment
Consistent with the demands expressed during the preliminary
phase and coded through qualitative analysis, the app underwent
the following modifications and additions:

• The Study details and Enrollment update pages were added
to provide the participants with valuable information about
the study and its status, leveraging the required
sense-making process;

• Environmental alerts were added to prompt the participants
to input the required outcome data;

• Users were given the opportunity to tailor the design
features of the app based on their preferences;

• Acknowledgments on activity completion were reinforced
to maximize efficiency by providing visual confirmation
that the inputted data had been registered;

• A Treatment reminder functionality was included in the
app and made accessible on a voluntary basis.

Prototype Refinement: EFGs
During the 2 EFGs, the clinicians and patients with hemophilia
were asked to provide feedback on the refined prototype version
of the app to achieve rapid incremental improvements.

During the clinician EFG, the participants univocally
acknowledged the significant contribution of the POWER study
to provide up-to-date information on the population of interest.
Four main codes were identified during the discussion and
considered as recommendations to further improve the app.

First, participants suggested avoiding duplications, as some of
the sections were potentially overlapping and were not
necessarily mutually exclusive. This had primarily related to
the structure of the Home page, which was initially designed as
a repository of the most recent information included in all the
other sections of the app.

Second, a recurrent theme pertained to the graphical interface
of the app, against which clinicians suggested facilitating the
detection of different domains with corresponding bright colors.
One clinician explained the following:

I find the app look slightly monotonous...to better
highlight the various items and domains, different
colors could be used across the different sections of
the app. [Clinician, 62 years]

Additional recommendations focused on the study update
section. The Study details and Enrollment update sections that

were added to the app after the need-assessment phase were
appreciated but considered not adequately positioned within
the app for accessibility.

Finally, a fourth emerging theme pertained to the possible uses
of the app outside of the study settings. To further reduce the
patient burden in completing the questionnaires, clinicians
suggested machine-readable formats, voice learning, and voice
recording. However, these proposals were not technically
feasible given the timeframe of the POWER study and,
therefore, could not be embedded in the current version of the
app.

During the patient EFG that followed, the participants were
presented with a refined version of the app that incorporated
the main comments collected during the clinician EFG in terms
of outlook and content organization.

The coding analysis highlighted several recurrent topics that
were brought to attention during the meeting.

First, patients reported their need for support in daily
management and coping, expressing a strong willingness to feel
a tighter bond with their clinicians and the hope that this could
be channeled through enhanced data sharing via the app. In the
context of persisting issues in finding appropriate and continuous
type of support to sustain patients with hemophilia A daily,
there was wide acknowledgment of the potential of digital
technologies in closing the existing gap with health care
professionals. One patient described this as follows:

To have somebody to actually follow us through our
daily struggle and provide us with prompt feedback
would mean a lot...sometimes you just have the
impression that you get a pre-set response hours later
your request. [Patient, 18 years]

As a second element, the participants confirmed the need to be
supported and facilitated in their participation in the study and
in the use of the app to relieve the burden linked to data entry
that could cause disaffection with the app, if it were not well
supported.

Regarding the interface design, the participants only suggested
minor revisions in the layout of some questionnaires, particularly
to make the reporting of bleeding events more straightforward.
Furthermore, one user recommended substituting the human
body where bleeds were indicated to make it less stylized and
more realistic.

On the basis of the inputs collected during the EFGs, additional
graphical refinements were introduced to further streamline
participation in the study: (1) a new chatbot was included to
support individuals in finding information related to the app
and its functionalities; (2) an additional screen with visual
feedback on the number of hours the wearable device had been
worn was added to ensure the per-protocol minimum (10
hours/day) was reached and that the observed data were actually
registered. The final display of the app home page, chatbot
functionality, and bleeding reporting have been shown in Figure
2.
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Figure 2. Screenshots of the electronic patient-reported outcome app final prototype.

Usability Evaluation
During the CFGs, participants tested the final version of the
app, followed a list of 10 use case scenarios (Textbox 1), and
completed the MAUQ to assess their satisfaction with the system
usability.

The average scores showed an upward trend: the overall MAUQ
score increased from 5.32 (range 4.44-6.23; SD 0.66) to 6.20
(range 5.72-6.88; SD 0.43) over the 2 CFGs, showing
increasingly positive feedback on the app usability as its design
was further refined.Considerable improvements were observed
especially in terms of perceived usefulness, which increased
from 4.80 (SD 0.92) to 6.24 (SD 0.40), and the system
information arrangement of the app (from 5.30 to 6.17).

During the first CFG, participants reported poor responsiveness
of certain features and a few technical problems, primarily when
filling some of the PROMs or when using the chatbot. These
issues ultimately affected the reported usefulness and the
interface evaluation of the app. The technical difficulties were
addressed between the 2 meetings, and the app’s usability ratings
improved accordingly. During both the meetings, all participants
reported being intuitively able to launch the app and requiring
minimal support from the study team during the testing.

On the basis of the inputs provided by the CFG participants
through qualitative comments, minor additional changes were
included in the finalized version of the app that is currently
being used in the POWER study.

Discussion

Principal Findings
We applied UCD for the development of the ePRO app currently
in use in the POWER observational study, adopting an iterative
process in which progressive modifications were informed not
only by the participants’ inputs but also by the technical
feasibility of the proposals. This approach has been identified
as particularly effective when adapted to mHealth apps [37],
with different frameworks being used as powerful alternatives
to the shared design based on the end users’ preferences [27].
A recent integrative review analyzed studies that employed a
qualitative methodology for the design, development and testing
of mHealth apps, identifying 69 articles, and proposing an
integrated methodology structured in 4 different sessions [38].
These results confirm the continuous growth in the literature
on user-centered approaches for app development. However,
all the design studies included in the review aimed to develop
apps to support individuals in actively managing their disease
through the adoption of behavior change techniques [39] and
other cognitive and emotional strategies.

In contrast, none of the studies intended to support the design
of data collection apps, with the exception of a single article
that focused on the development process of an app for
conducting population surveys, but it was meant to be used by
health care professionals only [40].

The design process of the ePRO app for the POWER study is
a novel attempt to adopt participatory approaches (and UCD,
more specifically) to support the collection of patient-reported
data. Although we did not aim to elicit improved
self-management behaviors, maximized technology acceptance
is a fundamental prerequisite to increase the continuity in data
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entry and the likelihood of a study’s success. As the precise
aims that the app had to pursue were already explicit in the
POWER study protocol (ie, to maximize the likelihood of
collecting robust outcome data), the design process did not start
from scratch and revolved around the how rather than the what.

Despite this difference in the ultimate aim of the app, some of
the adopted design strategies we used are comparable with
recurring themes in previous studies.

To sustain user engagement, several of the included features
and strategies aimed at powering the intrinsic motivation of the
participants, defined elsewhere as altruistic motivation [41].
This is coherent with the belief that although strategies that rely
on extrinsic motivation only (doing something that can lead to
an identifiable outcome) can be effective in the short term, when
individuals are intrinsically motivated (doing something which
is felt inherently enriching), they tend to achieve better results
and guarantee their continued participation in the long run [42].
As a result, increased attention was given to the Study details
and the Enrollment update sections, that intend to make the
individuals feel they were part of a community and of a mutual
effort, which was certified by the growing number of active
sites and study participants enrolled.

Concurrently, we included multiple strategies aimed at making
the individual experience with the app as efficient as possible,
such as the acknowledgment notification to give visual
confirmation of the recording of completed questionnaires and
the chatbot function to facilitate users in the management of
any technical or content-related issues. Furthermore, the
questionnaires were tested and revised multiple times to
streamline their completion and to minimize the participants’
burden.

Third, to further facilitate the engagement activation process,
we tried to take on the challenge of personalization, realizing
that technologies should focus on each individual as unique,
even in their communication preferences and approaches to data
collection processes [43]. Personalization is a recurring theme
in app design studies but is typically implemented for ad hoc
self-management functionalities or goal setting [44-47]. Instead,
given the need to collect the same outcome data for all
participants in the POWER study, with no room for content
personalization, we included the possibility for users to tailor
some of the app graphics and added individual functionalities,
such as the treatment reminder, which could be accessed on a
voluntary basis. These enhancements do not have a potential
interventional effect on the outcomes of interest, and may help
generate a greater, personalized bond between the individual
user and the mobile app.

In addition to the app content, another domain that might sustain
user engagement pertains to the type of mobile device used
during the study (either a personal or a study device). Although
this ambivalence is a specific feature of mHealth studies, very
few studies have attempted to compare the 2 strategies
empirically in terms of adherence, with inconclusive statistical
results [48]. Despite this debate, there is still no unambiguous
settlement on the use of personal devices. However, this
strategy, which also goes by the name Bring Your Own Device,
has been unquestionably identified as the preferable solution

during this app’s development process. This option is not exempt
from potential shortcomings associated with the need to develop
apps that are compatible with a wide range of systems and
security settings [49], the potential selection bias that excludes
population segments who do not own a smartphone [50], and
the impossibility of locking down the device and maximizing
the methodological accuracy. Nevertheless, a personal device
presents one major advantage that counterbalances all of the
previous shortcomings, as it enhances the convenience for
patients, potentially reducing their burden and adopting a
pragmatic, real-world approach that replicates a setting more
familiar to all the participants.

Finally, to enhance the engagement with the ePRO app, we
strengthened the connection with the fitness tracker that records
physical activity levels. Although wearables are standard
technologies that do not allow for discretion in their design and
were previously perceived as highly acceptable by patients with
severe hemophilia [7], we reinforced their linkage with the
ePRO app by including an ad hoc screen that provided
participants with feedback on the number of daily hours the
tracker has been actually worn and confirmed whether the
per-protocol minimum for physical activity levels to be actually
registered (10 hours) was being met.

In addition, the ePRO app may indirectly activate engagement
by improving communication with the providers using
previously recorded data during routine consultations. The need
to be more closely monitored by their physicians was reported
by the patients during the FGs and has also emerged in previous
app design studies [51,52]. Furthermore, the enhancement of
communication links between the health care professionals and
the patients, as well as the capture of patient-reported data, are
considered among the 4 primary ways through which mHealth
can improve the management of hemophilia A [14].

By the end of the design process, we achieved broad agreement
that the app was easy to use and had an appealing layout, both
preconditions for its sustained use over time. As shown
previously by other studies [37], 2 iterative cycles of usability
testing were sufficient to reach a satisfactory consensus among
the participants and the potential end users. The comparisons
of usability with other mobile apps that underwent a thorough
development processes are difficult to make because this app
is not directly aimed at self-management, and this study was
among the first to adopt the MAUQ.

Strengths and Limitations
This research was based on a large sample of participants and
included various perspectives by considering the views and
needs of the patients, their parents, their representatives, and
those of the clinicians during the development process.

Moreover, this study emphasized that user-centered approaches
can be applicable, and possibly even more significant, to the
development of digital solutions for populations affected with
rare diseases, which, by definition, require unique considerations
that may be less well-known compared with those for other
chronic disease populations. At the same time, the application
of the selected methodology to a rare disease group generated
additional challenges linked to the difficulties in selecting and
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enrolling the participants. Working with smaller sample sizes
in rare study populations may be the only way to study them,
particularly for methodologies that require the physical presence
of participants [53], but several limitations should be
acknowledged. First, in terms of patient selection, although we
always targeted 5 participants in each of the FGs, in a couple
of cases, one of the intended participants communicated their
unavailability at short notice because of hemophilia-related
issues. Furthermore, to facilitate the identification of the
potential participants, we not only adhered to the inclusion
criteria identified for the POWER study, but also invited patients
with hemophilia A with different severity and inhibitor levels.
Although some of the participants were not within the target
population of the study, all patients with hemophilia A were
subject to similar outcome data collection in standard clinical
practice and were, thus, entitled to bring their contribution to
the development of the app.

Second, the number of practitioners involved was relatively
small and their points of view may not be representative of the
entire clinician population or of the organizations they
represented.

An additional limitation pertains to usability, which was only
evaluated before the field testing of the app in the study and
was not assessed longitudinally. Usability evaluation should be
a continuous process and should not be limited before
dissemination in the field. Additional usability evaluations were
planned during the study and at the end of the study through ad

hoc use metrics aimed at analyzing the use trajectories.
Moreover, we based our usability assessment only on the end
user testing and did not properly include any heuristic evaluation
involving computer scientists, nor assessed the time to task
completion. The mobile app was subject to continuous technical
evaluations, and the technical development went hand in hand
with the content design.

Finally, the UCD process we adopted was mainly based on user
and clinical expert involvement, which are however just 2 of
the developmental factors could be included in the design phase
of an app [54]. We have noted that alternative methodologies
have been developed and they are becoming popular in studies
on mobile devices, such as the experience sampling method
[55].

Conclusions
The ePRO app will serve as a data collection platform in the
POWER observational study. Because all the outcome data
collected by the app are directly inputted by the patients, UCD
supported the identification of user requirements and the
refinement of the app. This process will hopefully meet the
users’ expectations and maximize their continuous use of the
app throughout the study. The actual level of engagement will
be properly monitored during the ongoing POWER study,
whereas future research results will assess the effectiveness of
this app and demonstrate the value of the development process
described here.

Acknowledgments
The authors would like to thank the clinicians, the patients, and the patient representatives who participated in the design process
and contributed their ideas to this research. This study was sponsored by Roche SpA. The views expressed in this paper are those
of the authors, and no aspects of the study have been omitted.

Conflicts of Interest
FP, MC, OC and RT all reported grants from the European Union’s Horizon 2020 Research and Innovation Program under grant
agreement 779306. FP, MC, OC, and RT are also involved in a randomized controlled trial to evaluate a mobile supportive care
app for patients with metastatic lung cancer. RT, EP, LS, VL, and AG are employees of Roche SpA. GC is on the advisory boards
or is a speaker in company-sponsored symposia for Alexion, Bayer, Sanofi, Roche, Biomarin, Takeda, Novo Nordisk, Werfen,
Grifols, Kedrion, LFB, Uniqure, and SOBI.

References

1. Paschou SA, Anagnostis P, Karras S, Annweiler C, Vakalopoulou S, Garipidou V, et al. Bone mineral density in men and
children with haemophilia A and B: a systematic review and meta-analysis. Osteoporos Int 2014 Oct;25(10):2399-2407.
[doi: 10.1007/s00198-014-2773-7] [Medline: 25001982]

2. Fearn M, Hill K, Williams S, Mudge L, Walsh C, McCarthy P, et al. Balance dysfunction in adults with haemophilia.
Haemophilia 2010 Jul 01;16(4):606-614. [doi: 10.1111/j.1365-2516.2010.02200.x] [Medline: 20331756]

3. González LM, Peiró-Velert C, Devís-Devís J, Valencia-Peris A, Pérez-Gimeno E, Pérez-Alenda S, et al. Comparison of
physical activity and sedentary behaviours between young haemophilia A patients and healthy adolescents. Haemophilia
2011 Jul;17(4):676-682. [doi: 10.1111/j.1365-2516.2010.02469.x] [Medline: 21299746]

4. Broderick CR, Herbert RD, Latimer J, van Doorn N. Patterns of physical activity in children with haemophilia. Haemophilia
2013 Jan;19(1):59-64. [doi: 10.1111/j.1365-2516.2012.02904.x] [Medline: 22762509]

5. Bouskill V, Hilliard P, Stephens S, Zhang C, Whitney K, Carcao M. An institutional pilot study to investigate physical
activity patterns in boys with haemophilia. Haemophilia 2016 Sep;22(5):383-389. [doi: 10.1111/hae.13021] [Medline:
27530715]

6. Sherlock E, O'Donnell JS, White B, Blake C. Physical activity levels and participation in sport in Irish people with
haemophilia. Haemophilia 2010 Jan;16(1):202-209. [doi: 10.1111/j.1365-2516.2009.02111.x] [Medline: 19878332]

JMIR Form Res 2021 | vol. 5 | iss. 12 | e25071 | p. 9https://formative.jmir.org/2021/12/e25071
(page number not for citation purposes)

Petracca et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1007/s00198-014-2773-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25001982&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2010.02200.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20331756&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2010.02469.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21299746&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2012.02904.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22762509&dopt=Abstract
http://dx.doi.org/10.1111/hae.13021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27530715&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2009.02111.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19878332&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Pérez-Alenda S, Carrasco JJ, Megías-Vericat JE, Poveda JL, Bonanad S, Querol F. Quantification of physical activity in
adult patients with haemophilic arthropathy in prophylaxis treatment using a fitness tracker. Haemophilia 2018
Jan;24(1):28-32. [doi: 10.1111/hae.13388] [Medline: 29271553]

8. Versloot O, Berntorp E, Petrini P, Ljung R, Astermark J, Holmström M, et al. Sports participation and physical activity in
adult Dutch and Swedish patients with severe haemophilia: A comparison between intermediate- and high-dose prophylaxis.
Haemophilia 2019 Mar;25(2):244-251 [FREE Full text] [doi: 10.1111/hae.13683] [Medline: 30690833]

9. Taylor S, Room J, Barker K. Physical activity levels in men with Haemophilia - a single centre UK survey. Haemophilia
2020 Jul;26(4):718-725. [doi: 10.1111/hae.14009] [Medline: 32364278]

10. Baumgardner J, Elon L, Antun A, Stein S, Ribeiro M, Slovensky L, et al. Physical activity and functional abilities in adult
males with haemophilia: a cross-sectional survey from a single US haemophilia treatment centre. Haemophilia 2013
Jul;19(4):551-557. [doi: 10.1111/hae.12134] [Medline: 23574421]

11. Allaert FA, Legrand L, Carime NA, Quantin C. Will applications on smartphones allow a generalization of telemedicine?
BMC Med Inform Decis Mak 2020 Feb 11;20(1):30 [FREE Full text] [doi: 10.1186/s12911-020-1036-0] [Medline:
32046699]

12. Ciani O, Federici CB. Value lies in the eye of the patients: the why, what, and how of patient-reported outcomes measures.
Clin Ther 2020 Jan;42(1):25-33. [doi: 10.1016/j.clinthera.2019.11.016] [Medline: 31932079]

13. Qian W, Lam TT, Lam HH, Li C, Cheung YT. Telehealth interventions for improving self-management in patients with
hemophilia: scoping review of clinical studies. J Med Internet Res 2019 Jul 10;21(7):e12340 [FREE Full text] [doi:
10.2196/12340] [Medline: 31293241]

14. Khair K, Holland M. Managing hemophilia: the role of mobile technology. Smart Homecare Technol TeleHealth 2014
May:39-44 [FREE Full text] [doi: 10.2147/shtt.s40961]

15. Boccalandro EA, Dallari G, Mannucci PM. Telemedicine and telerehabilitation: current and forthcoming applications in
haemophilia. Blood Transfus 2019 Sep;17(5):385-390 [FREE Full text] [doi: 10.2450/2019.0218-18] [Medline: 30747703]

16. Geraghty S, Dunkley T, Harrington C, Lindvall K, Maahs J, Sek J. Practice patterns in haemophilia A therapy - global
progress towards optimal care. Haemophilia 2006 Jan;12(1):75-81. [doi: 10.1111/j.1365-2516.2006.01189.x] [Medline:
16409179]

17. Tarricone R, Petracca F, Ciani O, Cucciniello M. Distinguishing features in the assessment of mHealth apps. Expert Rev
Pharmacoecon Outcomes Res 2021 Aug;21(4):521-526. [doi: 10.1080/14737167.2021.1891883] [Medline: 33663324]

18. Baumel A, Muench F, Edan S, Kane JM. Objective user engagement with mental health apps: systematic search and
panel-based usage analysis. J Med Internet Res 2019 Sep 25;21(9):e14567 [FREE Full text] [doi: 10.2196/14567] [Medline:
31573916]

19. Böhm AK, Jensen ML, Sørensen MR, Stargardt T. Real-world evidence of user engagement with mobile health for diabetes
management: longitudinal observational study. JMIR Mhealth Uhealth 2020 Nov 06;8(11):e22212 [FREE Full text] [doi:
10.2196/22212] [Medline: 32975198]

20. Aiyegbusi OL. Key methodological considerations for usability testing of electronic patient-reported outcome (ePRO)
systems. Qual Life Res 2020 Feb;29(2):325-333 [FREE Full text] [doi: 10.1007/s11136-019-02329-z] [Medline: 31691202]

21. Petrini P, Rylander C. Clinical safety surveillance study of the safety and efficacy of long-term home treatment with ReFacto
utilizing a computer-aided diary: a Nordic multicentre study. Haemophilia 2009 Jan;15(1):175-183. [doi:
10.1111/j.1365-2516.2008.01863.x] [Medline: 18752534]

22. Hay CR, Xiang H, Scott M, Collins PW, Liesner R, Dolan G, et al. The haemtrack home therapy reporting system: design,
implementation, strengths and weaknesses: a report from UK Haemophilia Centre Doctors Organisation. Haemophilia 2017
Sep;23(5):728-735. [doi: 10.1111/hae.13287] [Medline: 28806858]

23. Broderick CR, Herbert RD, Latimer J, Mathieu E, van Doorn N, Curtin JA. Feasibility of short message service to document
bleeding episodes in children with haemophilia. Haemophilia 2012 Nov;18(6):906-910. [doi:
10.1111/j.1365-2516.2012.02869.x] [Medline: 22681182]

24. Nilsen W, Kumar S, Shar A, Varoquiers C, Wiley T, Riley WT, et al. Advancing the science of mHealth. J Health Commun
2012;17 Suppl 1:5-10. [doi: 10.1080/10810730.2012.677394] [Medline: 22548593]

25. Huckvale K, Car J. Implementation of mobile health tools. J Am Med Assoc 2014 Apr 09;311(14):1447-1448. [doi:
10.1001/jama.2014.1106] [Medline: 24715083]

26. McCurdie T, Taneva S, Casselman M, Yeung M, McDaniel C, Ho W, et al. mHealth consumer apps: the case for user-centered
design. Biomed Instrum Technol 2012;Suppl:49-56. [doi: 10.2345/0899-8205-46.s2.49] [Medline: 23039777]

27. Duan H, Wang Z, Ji Y, Ma L, Liu F, Chi M, et al. Using goal-directed design to create a mobile health app to improve
patient compliance with hypertension self-management: development and deployment. JMIR Mhealth Uhealth 2020 Feb
25;8(2):e14466 [FREE Full text] [doi: 10.2196/14466] [Medline: 32130161]

28. Tremblay MC, Hevner AR, Berndt DJ. Focus groups for artifact refinement and evaluation in design research. Commun
Asso Inform Syst 2010;26:Article 27. [doi: 10.17705/1cais.02627]

29. Krueger RA, Casey MA. Focus Groups: A Practical Guide for Applied Research. Thousand Oaks, CA: SAGE Publications
Ltd; 2014:1-280.

JMIR Form Res 2021 | vol. 5 | iss. 12 | e25071 | p. 10https://formative.jmir.org/2021/12/e25071
(page number not for citation purposes)

Petracca et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1111/hae.13388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29271553&dopt=Abstract
http://europepmc.org/abstract/MED/30690833
http://dx.doi.org/10.1111/hae.13683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30690833&dopt=Abstract
http://dx.doi.org/10.1111/hae.14009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32364278&dopt=Abstract
http://dx.doi.org/10.1111/hae.12134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23574421&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-020-1036-0
http://dx.doi.org/10.1186/s12911-020-1036-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32046699&dopt=Abstract
http://dx.doi.org/10.1016/j.clinthera.2019.11.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31932079&dopt=Abstract
https://www.jmir.org/2019/7/e12340/
http://dx.doi.org/10.2196/12340
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31293241&dopt=Abstract
https://doi.org/10.2147/SHTT.S40961
http://dx.doi.org/10.2147/shtt.s40961
https://doi.org/10.2450/2019.0218-18
http://dx.doi.org/10.2450/2019.0218-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30747703&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2006.01189.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16409179&dopt=Abstract
http://dx.doi.org/10.1080/14737167.2021.1891883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33663324&dopt=Abstract
https://www.jmir.org/2019/9/e14567/
http://dx.doi.org/10.2196/14567
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573916&dopt=Abstract
https://mhealth.jmir.org/2020/11/e22212/
http://dx.doi.org/10.2196/22212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32975198&dopt=Abstract
http://europepmc.org/abstract/MED/31691202
http://dx.doi.org/10.1007/s11136-019-02329-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31691202&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2008.01863.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18752534&dopt=Abstract
http://dx.doi.org/10.1111/hae.13287
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28806858&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2516.2012.02869.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22681182&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2012.677394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548593&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.1106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24715083&dopt=Abstract
http://dx.doi.org/10.2345/0899-8205-46.s2.49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039777&dopt=Abstract
https://mhealth.jmir.org/2020/2/e14466/
http://dx.doi.org/10.2196/14466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130161&dopt=Abstract
http://dx.doi.org/10.17705/1cais.02627
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Jake-Schoffman DE, Silfee VJ, Waring ME, Boudreaux ED, Sadasivam RS, Mullen SP, et al. Methods for evaluating the
content, usability, and efficacy of commercial mobile health apps. JMIR Mhealth Uhealth 2017 Dec 18;5(12):e190 [FREE
Full text] [doi: 10.2196/mhealth.8758] [Medline: 29254914]

31. World Health Organization. Monitoring and Evaluating Digital Health Interventions: A Practical Guide to Conducting
Research and Assessment. Geneva, Switzerland: World Health Organization; 2016:1-133.

32. Zhou L, Bao J, Setiawan IM, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): development
and validation study. JMIR Mhealth Uhealth 2019 Apr 11;7(4):e11500. [doi: 10.2196/11500] [Medline: 30973342]

33. Jibb LA, Cafazzo JA, Nathan PC, Seto E, Stevens BJ, Nguyen C, et al. Development of a mHealth real-time pain
self-management app for adolescents with cancer: an iterative usability testing study [Formula: see text]. J Pediatr Oncol
Nurs 2017;34(4):283-294. [doi: 10.1177/1043454217697022] [Medline: 28376666]

34. Lewis JR. Sample sizes for usability studies: additional considerations. Hum Factors 1994 Jun;36(2):368-378. [doi:
10.1177/001872089403600215] [Medline: 8070799]

35. Kushniruk AW, Patel VL. Cognitive and usability engineering methods for the evaluation of clinical information systems.
J Biomed Inform 2004 Feb;37(1):56-76. [doi: 10.1016/j.jbi.2004.01.003] [Medline: 15016386]

36. Silver C, Lewins A. Using Software in Qualitative Research : A Step-by-Step Guide. Thousand Oaks, CA: SAGE Publications;
2014:1-384.

37. Varshney U. A model for improving quality of decisions in mobile health. Decis Supp Syst 2014 Jun;62:66-77. [doi:
10.1016/j.dss.2014.03.005]

38. Molina-Recio G, Molina-Luque R, Jiménez-García AM, Ventura-Puertos PE, Hernández-Reyes A, Romero-Saldaña M.
Proposal for the user-centered design approach for health apps based on successful experiences: integrative review. JMIR
Mhealth Uhealth 2020 Apr 22;8(4):e14376 [FREE Full text] [doi: 10.2196/14376] [Medline: 32319965]

39. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

40. Shishido HY, da Cruz de Andrade RA, Eler GJ. mHealth data collector: an application to collect and report indicators for
assessment of cardiometabolic risk. Stud Health Technol Inform 2014;201:425-432. [Medline: 24943577]

41. Goldenberg T, McDougal SJ, Sullivan PS, Stekler JD, Stephenson R. Preferences for a mobile HIV prevention app for men
who have sex with men. JMIR Mhealth Uhealth 2014 Oct 29;2(4):e47 [FREE Full text] [doi: 10.2196/mhealth.3745]
[Medline: 25355249]

42. Ryan RM, Deci EL. Intrinsic and extrinsic motivations: classic definitions and new directions. Contemp Educ Psychol
2000 Jan;25(1):54-67. [doi: 10.1006/ceps.1999.1020] [Medline: 10620381]

43. Tran C, Dicker A, Leiby B, Gressen E, Williams N, Jim H. Utilizing digital health to collect electronic patient-reported
outcomes in prostate cancer: single-arm pilot trial. J Med Internet Res 2020 Mar 25;22(3):e12689 [FREE Full text] [doi:
10.2196/12689] [Medline: 32209536]

44. Milward J, Deluca P, Drummond C, Watson R, Dunne J, Kimergård A. Usability testing of the BRANCH smartphone app
designed to reduce harmful drinking in young adults. JMIR Mhealth Uhealth 2017 Aug 08;5(8):e109 [FREE Full text] [doi:
10.2196/mhealth.7836] [Medline: 28790022]

45. Giunti G, Kool J, Romero O, Zubiete E. Exploring the specific needs of persons with multiple sclerosis for mhealth solutions
for physical activity: mixed-methods study. JMIR Mhealth Uhealth 2018 Feb 09;6(2):e37 [FREE Full text] [doi:
10.2196/mhealth.8996] [Medline: 29426814]

46. Jibb LA, Stevens BJ, Nathan PC, Seto E, Cafazzo JA, Stinson JN. A smartphone-based pain management app for adolescents
with cancer: establishing system requirements and a pain care algorithm based on literature review, interviews, and consensus.
JMIR Res Protoc 2014 Mar 19;3(1):e15 [FREE Full text] [doi: 10.2196/resprot.3041] [Medline: 24646454]

47. Hartzler AL, BlueSpruce J, Catz SL, McClure JB. Prioritizing the mHealth design space: a mixed-methods analysis of
smokers' perspectives. JMIR Mhealth Uhealth 2016 Aug 05;4(3):e95 [FREE Full text] [doi: 10.2196/mhealth.5742] [Medline:
27496593]

48. Pugliese L, Woodriff M, Crowley O, Lam V, Sohn J, Bradley S. Feasibility of the "Bring your own device" model in clinical
research: results from a randomized controlled pilot study of a mobile patient engagement tool. Cureus 2016 Mar 16;8(3):e535
[FREE Full text] [doi: 10.7759/cureus.535] [Medline: 27096135]

49. Bromwich M, Bromwich R. Privacy risks when using mobile devices in health care. Can Med Asso J 2016 Sep
06;188(12):855-856 [FREE Full text] [doi: 10.1503/cmaj.160026] [Medline: 27221271]

50. Coons SJ, Eremenco S, Lundy JJ, O'Donohoe P, O'Gorman H, Malizia W. Capturing Patient-Reported Outcome (PRO)
data electronically: the past, present, and promise of ePRO measurement in clinical trials. Patient 2015 Aug;8(4):301-309
[FREE Full text] [doi: 10.1007/s40271-014-0090-z] [Medline: 25300613]

51. Ploderer B, Brown R, Seng LS, Lazzarini PA, van Netten JJ. Promoting self-care of diabetic foot ulcers through a mobile
phone app: user-centered design and evaluation. JMIR Diabetes 2018 Oct 10;3(4):e10105 [FREE Full text] [doi:
10.2196/10105] [Medline: 30305266]

JMIR Form Res 2021 | vol. 5 | iss. 12 | e25071 | p. 11https://formative.jmir.org/2021/12/e25071
(page number not for citation purposes)

Petracca et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://mhealth.jmir.org/2017/12/e190/
http://mhealth.jmir.org/2017/12/e190/
http://dx.doi.org/10.2196/mhealth.8758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29254914&dopt=Abstract
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
http://dx.doi.org/10.1177/1043454217697022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28376666&dopt=Abstract
http://dx.doi.org/10.1177/001872089403600215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8070799&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2004.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15016386&dopt=Abstract
http://dx.doi.org/10.1016/j.dss.2014.03.005
https://mhealth.jmir.org/2020/4/e14376/
http://dx.doi.org/10.2196/14376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32319965&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24943577&dopt=Abstract
http://mhealth.jmir.org/2014/4/e47/
http://dx.doi.org/10.2196/mhealth.3745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25355249&dopt=Abstract
http://dx.doi.org/10.1006/ceps.1999.1020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10620381&dopt=Abstract
https://www.jmir.org/2020/3/e12689/
http://dx.doi.org/10.2196/12689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32209536&dopt=Abstract
https://mhealth.jmir.org/2017/8/e109/
http://dx.doi.org/10.2196/mhealth.7836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28790022&dopt=Abstract
http://mhealth.jmir.org/2018/2/e37/
http://dx.doi.org/10.2196/mhealth.8996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29426814&dopt=Abstract
http://www.researchprotocols.org/2014/1/e15/
http://dx.doi.org/10.2196/resprot.3041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24646454&dopt=Abstract
https://mhealth.jmir.org/2016/3/e95/
http://dx.doi.org/10.2196/mhealth.5742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27496593&dopt=Abstract
http://europepmc.org/abstract/MED/27096135
http://dx.doi.org/10.7759/cureus.535
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27096135&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=27221271
http://dx.doi.org/10.1503/cmaj.160026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27221271&dopt=Abstract
http://europepmc.org/abstract/MED/25300613
http://dx.doi.org/10.1007/s40271-014-0090-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25300613&dopt=Abstract
https://diabetes.jmir.org/2018/4/e10105/
http://dx.doi.org/10.2196/10105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30305266&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


52. Baek H, Suh J, Kang S, Kang S, Lim TH, Hwang H, et al. Enhancing User Experience Through User Study: Design of an
mHealth Tool for Self-Management and Care Engagement of Cardiovascular Disease Patients. JMIR Cardio 2018 Feb
09;2(1):e3. [doi: 10.2196/cardio.9000]

53. Uhlenbusch N, Löwe B, Depping MK. Perceived burden in dealing with different rare diseases: a qualitative focus group
study. BMJ Open 2019 Dec 29;9(12):e033353 [FREE Full text] [doi: 10.1136/bmjopen-2019-033353] [Medline: 31888936]

54. Adu MD, Malabu UH, Callander EJ, Malau-Aduli AE, Malau-Aduli BS. Considerations for the development of mobile
phone apps to support diabetes self-management: systematic review. JMIR Mhealth Uhealth 2018 Jun 21;6(6):e10115
[FREE Full text] [doi: 10.2196/10115] [Medline: 29929949]

55. van Berkel N, Ferreira D, Kostakos V. The experience sampling method on mobile devices. ACM Comput Surv 2018 Jan
12;50(6):1-40. [doi: 10.1145/3123988]

Abbreviations
CFG: confirmatory focus group
EFG: exploratory focus group
ePRO: electronic patient-reported outcome
FG: focus group
MAUQ: mHealth app usability questionnaire
mHealth: mobile health
PROM: patient-reported outcome measure
UCD: user-centered design

Edited by G Eysenbach; submitted 16.10.20; peer-reviewed by E Boccalandro, L Tizek, MDG Pimentel; comments to author 07.12.20;
revised version received 28.02.21; accepted 16.09.21; published 01.12.21

Please cite as:
Petracca F, Tempre R, Cucciniello M, Ciani O, Pompeo E, Sannino L, Lovato V, Castaman G, Ghirardini A, Tarricone R
An Electronic Patient-Reported Outcome Mobile App for Data Collection in Type A Hemophilia: Design and Usability Study
JMIR Form Res 2021;5(12):e25071
URL: https://formative.jmir.org/2021/12/e25071
doi: 10.2196/25071
PMID:

©Francesco Petracca, Rosaria Tempre, Maria Cucciniello, Oriana Ciani, Elena Pompeo, Luigi Sannino, Valeria Lovato, Giancarlo
Castaman, Alessandra Ghirardini, Rosanna Tarricone. Originally published in JMIR Formative Research (https://formative.jmir.org),
01.12.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Formative Research, is properly cited. The complete bibliographic information,
a link to the original publication on https://formative.jmir.org, as well as this copyright and license information must be included.

JMIR Form Res 2021 | vol. 5 | iss. 12 | e25071 | p. 12https://formative.jmir.org/2021/12/e25071
(page number not for citation purposes)

Petracca et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.2196/cardio.9000
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=31888936
http://dx.doi.org/10.1136/bmjopen-2019-033353
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31888936&dopt=Abstract
http://mhealth.jmir.org/2018/6/e10115/
http://dx.doi.org/10.2196/10115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29929949&dopt=Abstract
http://dx.doi.org/10.1145/3123988
https://formative.jmir.org/2021/12/e25071
http://dx.doi.org/10.2196/25071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

