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Abstract

Background: Mobile health applications are increasingly used to support the delivery of health care services to a variety of patients.
Based on data obtained from a pragmatic trial of the electronic Patient Reported Outcome (ePRO) app designed to support goal-
oriented care primary care, this study aims to (1) examine how patient-reported usability changed over the one-year intervention
period, and (2) explore participant attrition rate of the electronic Patient Reported Outcome app over one year study period.

Methods: We performed a secondary analysis of 44 older adults with complex chronic needs enrolled in the electronic Patient
Reported Outcome-digital health intervention. App usage and attrition were measured using device-generated usage logs;
usability wasmeasured using the patient-reported post-study system usability questionnaire collected at 3, 6, 9, and 12months.
Research memos were used to interpret potential contextual contributing factors to patients’ overall usage and usability score
pattern. A data triangulation method of both quantitative and qualitative data was used to analyze and interpret study findings.

Results: While there was gradual attrition in the use of the ePRO app, patients’ usability scores remained consistent throughout the
study period. Qualitative memos suggested patients’ encounters with technical difficulties and relationship dynamics with primary
providers influenced patients’ adherence to the ePRO app.

Conclusion: This study highlights that the patient–provider relationship is a key determining factor that influences complex
patients’ continued engagement with a Mobile health app. The finding calls attention to the measurement of usability of a
Mobile health app, its impact on attrition, and contributing factors that influence patients’ attrition. Trial registration:
Clinicaltrials.gov Identified NCT02917954.
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Background

In recent years, there has been a shift towards a more inte-
grated and person-centered health system as a means to
empower patients and their caregivers to be engaged part-
ners in their care.1,2 A key aspect of this partnership is to
make available information and resources needed to help
patients and families play this more active role.3

Furthermore, patients have higher satisfaction and utilize
health care more effectively when they have guidance in
managing their conditions.4,5 Guidance and partnership
may be particularly important for patients with complex
care needs who may be managing multiple health and
social challenges at a time.6 These individuals with multiple
chronic conditions and biopsychosocial problems have
challenges that can lead to functional decline, poor
quality of life, and high healthcare utilization.7

A person-centered goal-oriented approach has been
regarded as a preferred approach to caring for individuals
with complex care needs.5,8,9 Health authorities are
looking to adopt person-centered care developing care
plans that are attuned to patients’ long-term health-related
goals10 and to deliver such care providers are increasingly
adopting information and communication technologies
(ICT) in their practices.11,12 Among the ICT-based solu-
tions being explored, mobile health (mHealth) apps have
emerged as valuable to support the delivery of integrated
and person-centered care and support patients’ health
goals.13–15 Some studies have shown mHealth solutions
to be effective in developing complex patients’ self-
management skills and improve their quality of life.16,17

Several mHealth apps have successfully supported
patients’ achievement of health goals related to weight man-
agement, physical activity, diet, and smoking cessation.14,18

Despite promising results, interventions like these experience
a high attrition rate19,20 Attrition in this context is defined as a
phenomenon in which one initially commits to a web-based
(or mHealth) intervention but subsequently discontinues
using the platform.21 Among mHealth research studies,
high rates of attrition have a substantial impact on the integrity
of collected data, the amount of missing data, and biased
responses. While a common challenge, there is a limited
number of research studies conducted on the determinants
of abandonment of web-based, or mHealth-platform22,23

One potential driver of attrition is system usability.21

Nielson24 defines usability as a quality attribute that assesses
how easy it is to use an interface of a web-based system or
platform. In current literature, the majority of usability
studies evaluate usability based on operational ease, learnabil-
ity, and understandability of apps, and this concept is often

measured at the end of the intervention.25 Lessons learned
from previous reviews identify that combining multiple
usability tools, adopting iterative measurement of usability,
and going beyond the questionnaire method to test usability
are needed to understand usability in a meaningful way.25,26

This paper explores the links between usability and attri-
tion by adopting a novel blended approach that combines
data from surveys (capturing usability) and the mHealth
system usage-logs (capturing attrition). In addition, the pre-
sented study draws on qualitative research memos to
provide relevant contextual data regarding patient engage-
ment with technology in a real-world and complex
environment.

Research objective
This is a sub-study of a pragmatic stepped-wedge evalu-
ation of the electronic Patient Reported Outcomes (ePRO)
app, a goal-oriented mobile application for patients with
complex conditions.27–29 This sub-study aims to answer
the following research questions: (1) how does patient-
reported usability change over a one-year intervention
period?; (2) what is the participant attrition rate of the
ePRO app over a one-year study period?

Methods

Study design

The evaluation of the ePRO tool involves a pragmatic trial
using a stepped-wedge randomized design9 with an embed-
ded case study. The trial was conducted across Ontario,
Canada in six primary care practices over 15 months.
Based on a random number generator, each site was
assigned to either the early intervention group (n= 3) or
the late intervention group (n= 3). Sites that were assigned
in the early intervention group remained in the control
period for 3 months followed by a 12 month intervention
period. Sites that were assigned in the late intervention
group remained in the control period for 6 months, followed
by a 9-month intervention period. Figure 1 shows the
stepped-wedge research design.

We conducted a secondary data analysis of the interven-
tion arm of the trial data. For this sub-study, patient attrition
is measured using device-generated usage logs; usability is
measured using the patient-reported post-study system
usability questionnaire (PSSUQ) collected once every 3
months during the intervention period. Research memos
capturing patients’ and their providers’ interactions with
the research team are used to contextualize the
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usability-related study data. The research memos contain
information about patients’ or their providers’ experiencing
technical difficulties, observational data from patient–pro-
vider interactions.

Description of the intervention: The ePRO app

The ePRO app is a mobile health application that supports
collaborative goal setting and monitoring of outcomes for
patients enrolled in interdisciplinary, primary care practice.
The app was developed following multiple iterative phases
via a user-centered co-design method by involving complex
patients and their caregivers during the exploratory trial of
the ePRO app.5,9,27,28 The developed app during the
exploratory trial was used in the pragmatic trial to assess
its usability. During the 12 months of pragmatic trial, the
ePRO interface and functionalities remained consistent
and no further change was made. The ePRO app includes
two key features. First, The My Goal Tracker feature,
helps patients and providers to set specific, measurable,
attainable, realistic, and time-specific (SMART) goals rele-
vant to the patient. Patient-centered goals are set-up during
an in-person consultation with a provider on the care team.
Progress towards goal achievement is tracked between
visits through the mobile function that monitors outcomes
and symptoms. Second, The Health Journal feature can
be used to track other outcomes important to patients and
providers as appropriate. Outcomes include pain, mobility,
mental health symptoms, and overall wellness.

During the initial pilot phases, it was found that the
ePRO app increases patients’ feelings of ownership over
their health, and providers were able to leverage the app
as a means of focusing on goal setting and obtaining an
overview of goal progress with their patients.27

Study setting

The study was conducted in six primary care practices across
Ontario, Canada. All six primary care practices in the trial
has team-based care models called Family Health Teams
(FHTs) that offer comprehensive primary care delivered by

an interprofessional team.30 In this care setting patients typi-
cally have a lead primary care provider, either a physician or
nurse practitioner; however, patients may receive care from
any provider in the team (registered nurses, a social
worker, a dietitian, and a diabetes nurse educator).

Target population

Eligible patients for the trial met all of the following inclu-
sion criteria: (1) 60 years or older; (2) have two or more
diagnosed chronic conditions, and 10 or more visits to
their primary health care provider within the last 12
months; (3) physical capability to use a smartphone or a
caregiver who can use the tablet on their behalf; (4)
ability to read and write in English or the availability of a
caregiver who can do so on their behalf; and (5) be in the
contemplative or ready to change behavior mode for self-
management of their chronic conditions.

Measures used in this sub-study

The ePRO study represents a complex intervention that
involves multiple interacting components and mechanisms
that can influence outcomes (such as patients’ quality of
life) as well as users’ overall experience with the app.31

Consistent with recommendations on how to evaluate and
test complex interventions using multiple data
sources,29,32,33 the following data sources were used to
answer the research question of this study: (1) Device gen-
erated data to measure actual usage; (2) The 2002 version of
PSSUQ34 to measure the usability of the app; (3) Research
memos to interpret usage and usability of ePRO.

System usage logs to measure a monthly number of
interactions with the ePRO app

The first source of data was the ePRO system-generated usage
logs which we used to measure the number of interactions
users had with the ePRO system. An Interaction was
defined as any log-in or data entered into the ePRO system.
Any patient who had zero interactions in a given month was

Figure 1. Stepped-wedge research design.
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considered as a non-active participant of ePRO, whereas
patients who had at least one complete interaction in the
given month were considered as active participants.

Participants were categorized by the number of months
they used the ePRO app. Previous mHealth studies per-
formed similar segmentation activities based on patients’
health conditions, mHealth usage, and decision-making
styles to understand user behavior.35,36 For this study,
patients were categorized into three groups:

• Non-users: The participants who did not use the ePRO
app after their initial onboarding.

• Short-term users: The participants who used the ePRO
app for less than 3 months consecutively or
non-consecutively.

• Long-term users: Participants who used the ePRO app
for 3 or more months.

A 3-month cut-off time was used as this is the point in
which the ePRO app experienced its first sharp decline in
the active number of participants (Figure 2) for both
groups (early and late intervention groups). Previous
mHealth studies have shown a similar drop in the number
of active participants after 3 months, and have divided

participants into long- and short-term users according to
that shift in usage.36

PSSUQ to measure usability of the ePRO app

The PSSUQ survey34 was used to measure the usability of
the ePRO app for this trial and had been used in all previous
piloting and exploratory trial phases of the study.28 Please
see Supplemental Appendix 1 for PSSUQ. Each participant
received the survey every 3 months after they started using
the app. The PSSUQ is a questionnaire to assess the per-
ceived usability of technology, which has been demon-
strated to be valid and reliable even for small sample
sizes.34,37 This questionnaire contains 18 items on a
7-point Likert scale,34 providing an overall global score
(averaging all 18 items) and three sub-scores: system use-
fulness (seven items), information quality (six items), and
interface quality (three items). Health technologies with
lower PSSUQ scores indicate higher/better usability.

Research memos to contextualize study data

Researchmemoswere used to interpret the usability and usage
of ePRO. In qualitative research, a research memo is defined
as recorded documentation that aims to convey themeaning of

Figure 2. Comparison of patient-reported post-study system usability questionnaire (PSSUQ) sub-scale scores between two groups over
the intervention period.
*Late intervention group participants received three surveys over 9 months intervention period. The early group refers to the early
intervention group and the late group refers to the late intervention group.
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a phenomenon.38 Using a research memo in this usability
study helps the researchers to answer the question “what is
happening with the data?”39 During the 15 months of the
study period, many interactions with the participants of the
study occurred including patients’ onboarding experience,

phone calls regarding technical difficulties, patient–provider
interaction during patient visits, and patients’ concerns regard-
ing surveys or the overall study. Those events were defined as
study incidents and were captured using detailed research
memos documented by the research team.

Table 1. Characteristics of the patients.

Variable Early group (N= 23) Late group (N= 21) Total (N= 44)

Age, mean (SD) 68.65 (7.10) 71.98 (6.20) 70.32 (6.65)

Sex, n (%)

Female 15 (65.22) 7 (33.33) 22 (48.88)

Smartphone comfort level, n (%)a

Very comfortable 5 (21.74) 7 (38.89) 12 (26.09)

Somewhat comfortable 14 (60.27) 5 (27.78) 19 (41.30)

Not comfortable 1 (4.35) 0 1 (2.17)

Very uncomfortable 1 (4.35) 2 (11.11) 3 (6.52)

Don’t know 2 (8.70) 4 (22.22) 6 (13.04)

Missing 2 (8.06) 1 (5.55) 3 (6.818)

Total 23 (100) 18 (100) 44 (100)

# of chronic condition (means, SD) 5.95 (2.72) 4.5 (1.98) 5.27 (2.46)

Chronic disease management
program, n (%)

Yes 6 (26.09) 1 (4.76) 7 (15.55)

No 1 (4.35) 1 (4.76) 2 (44.44)

Gross income, n (%)

$0–29K 7 (30.43) 1 (4.76) 8 (17.77)

$30–$59K 7 (30.43) 5 (23.81) 12 (26.66)

$60–$89K 2 (8.70) 8 (38.10) 10 (22.22)

> $90K 7 (30.43) 7 (33.33) 14 (31.11)

Education, n (%)

Less than high-school 4 (17.39) 1 (4.76) 5 (11.11)

High-school 4 (17.39) 1 (4.76) 5 (11.11)

Some college/university 9 (39.13) 4 (19.05) 13 (28.8)

University (undergraduate,
graduate

6 (26.09) 15 (71.43) 21 (46.66)

aThe range of the smartphone comfort level score is 1–5. A higher score indicates a higher comfort level with the smartphone.
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Supplemental Appendix 2 and Table 1 summarize the
description of the study measures, data sources, description
of each data source, time of collected data, and analysis of
each measure.

Statistical analyses

Participants’ demographic information was analyzed using

descriptive statistics. Descriptive analysis was also conducted

for the PSSUQ scores stratified by participants’ group (early or

late intervention groups), subscales of PSSUQ (system useful-
ness, interface quality, and information quality), and partici-
pant demographics (age, sex, number of chronic conditions).
Mean usability scores (standard deviation [SD]) were calcu-
lated for the total PSSUQ and its subscales. The scores were
calculated based on intention to treat, meaning that all patients
were included in their original groups regardless of their com-
pliance to the ePRO intervention and withdrawal from the
study. Mean usability score of each usage group (non-users,
short-term users, and long-term users), was calculated. The
attrition rate of participants was defined as the percentage of
active participants per group each month. The following
formula was used to calculate the percentage of active partici-
pants per group:

Percentage of active participants per group= (Number
of active participants (per month)/Total number of indivi-
duals per group per month).

Qualitative memo analysis

In total, 15 researcher memos were analyzed narratively
using an inductive approach40 to identify contextual infor-
mation of the patients’ experience with the technology
and how it impacts patients’ ePRO user experience.
To analyze the research memo,41 we used a thematic ana-
lysis approach involving four steps: (1) breaking down
each memo into incidents; (2) coding the incidents into cat-
egories based on this study’s focus of inquiry which was
factors that contributed to ePRO usability and patient attri-
tion; (3) Establishing relationships between categories; and
(4) creating a coherent explanatory description.41,42

Ethics

This study was approved by the University of Toronto
Health Sciences Research Ethics Board and the special
Research Ethics Board of three participating primary care
practices.

Results

Patient demography

Of the 46 patient participants who initially enrolled in the
intervention arm of the ePRO trial, one participant
dropped out before getting initial training, the remaining
(n= 44) patients’ data were analyzed. Table 1 shows the
demographic characteristics of ePRO participants.
Baseline patient characteristics were derived from partici-
pants’ demographic form and their EMR.

Usability of ePRO

The comparison of PSSUQ subscales scores between parti-
cipants from early intervention sites and late intervention
sites is presented in Figure 3, which shows a decrease
(meaning better usability) in PSSUQ score from 3 to 6
months for both groups (except overall satisfaction for the
early intervention group and information quality for the
late intervention group) and then the average scores
increase (i.e. poorer usability) up to 9 months.

The response rate of the PSSUQ survey for each time
point is noted in Table 2. Table 2 shows that the number
of PSSUQ respondents declined over time. After 6
months of the intervention, there were only seven respon-
dents in both groups. However, the average PSSUQ
scores of overall satisfaction and system usefulness
decreases after 12 months for early intervention group par-
ticipants as compared to their reports after being on the
system for 3, 6, and 9 months. There were only four respon-
dents at 12 months (Table 2).

Participant attrition and comparison of long-term
users versus short term users versus non-users

To better understand the unusual pattern of PSSUQ scores
throughout the intervention period, we compared this data
to user engagement patterns over time. The overall percen-
tage of active participants decreased steadily with the longer
follow-up period (Figure 2).

Table 3 shows the distribution of long, short, and non-users
of ePRObetween the early and late intervention groups.Of the
44 participants who received the intervention and training, 21
(48%) are long term users, using the app for more than three
months, 5 (11%) participants are short-term users (using the
app for less than 3 months), and 17 (39%) participants are
non-users (did not use the app after their initial onboarding
training). The late intervention group had a fewer number of
long-term users and a larger number of non-users comparing
to the early intervention group.

Table 4 illustrates the descriptive distribution of partici-
pants based on their user type and demographic character-
istics. A majority of long-term users (70%) were female,
while only 17.6% of non-users were female. 12% of
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non-users had undergrad or higher education attainment
whereas 5% of long-term users had undergrad or higher
education attainment. We used the Kruskal-Wallis test to
assess significant differences between the three groups
(long-term, short-term, and non-users). The p-values of
each variable show that there were no significant differ-
ences between the three groups in terms of age, sex educa-
tion, or the number of chronic conditions.

Comparison: The relationship between actual usage
with the PSSUQ score

To gain insight into this pattern of usability, the authors
drew a comparison of long-term users and other users
(who used ePRO for less than 3 months) in terms of their
mean (SD) usability score (Table 5). We combined both
non-users and short-term users with the “other user”

group because there were less than five participants in the
non-user group for 6-month, 9-month, and 12-month data
collection periods. Otherwise, we could not conduct any
meaningful analysis due to the small sample size of
non-users (n= less than 5).

Wehave conducted theWelch’s two-sample t-test to assess
the sample mean differences between long-term and “other
users.” Table 5 shows that at 3 months there is a statistically
significant mean difference between the two groups, with
long-term users scoring lower PSSUQ score (mean= 2.80,
SD= 1.38) than other users (mean= 3.04, SD= 1.74) with a
p-value= .03 (95% CI: 0.94–1.48). The lower PSSUQ score
at 3 months for long-term users meant that this group found
the ePRO app more usable than the “other users” group and
the mean difference between the two groups was statistically
significant at 3 months. At 6 and 9 months, the mean differ-
ence of the two groups’ PSSUQ was non-significant. At 6

Table 2. Number and percentage of respondents at each time point.

Participant
response rate,
n (%)

Months on intervention

3 6 9 12

Early intervention
group

15(65.22) 7(45.45) 11(55.00) 4(20.00)

Late intervention
group

7(33.33) 7(33.33) 12(66.67) a

aLate intervention group was only on intervention for 9 months.

Figure 3. Gradual attrition of electronic Patient Reported Outcomes (ePRO) patients.
*Pre-training period refers to the % participants who entered from control to case period.

Table 3. Participant distribution in three user groups.

Usage
category
n (%)

Early
intervention
group

Late intervention
group Total

Long term 16 (66) 5 (26) 21 (48)

Short term 5 (21) 0 (0) 5 (11)

Non-users 3 (12) 14 (73) 17 (39)

Total 24 (100) 19 (100) 43 (100)
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months, long-term users had a slightly higher mean score
(mean= 3.16, SD= 2.23) than “other users” (mean= 2.81,
SD= 1.73). Meaning at 6 months, long-term users found the
ePRO app less usable than “other users” but the mean differ-
ence between the two groups was not statistically significant
(p-value= .28; 95% CI: 1.56–0.49). At 9 months, the mean
PSSUQ score for long-term users was lower (mean= 3.68,
SD= 1.89) than “other users” (mean= 4.24, SD= 1.74).
However, the mean difference between the two groups was
not statistically significant (p-value= 0.6748; 95% CI:

−1.62–1.07). At 12 months, only one participant who
belongs to the “other user” group responded to the PSSUQ
survey so we were unable to conduct any statistical test.

Figure 4 provides a visual representation of the compari-
son of average overall PSSUQ score to attrition rates over
time. As the percentage of active participants shows a
gradual decline in both groups, PSSUQ scores show a
slight reduction in perceived usability as well; however,
that pattern is not a consistent drop over time.

Findings from the qualitative analysis

Analysis of memos indicates two important factors that
contributed to the patients’ user experience: (1)
Technical difficulty such as being logged out of the
ePRO app due to inactivity, forgotten password, and
inability to modify goals; (2) Provider engagement
level with their patients’ goals and with the ePRO app
influenced patients’ willingness to use the app. Table 6
summarizes these factors alongside sub-themes and
example memo notes. Participants of late intervention
groups were also less likely to troubleshoot when tech-
nical difficulties occur. Additionally, late intervention
group participants faced initial training difficulties due
to schedules. Secondly, when late intervention group
participants experienced these technical difficulties the
majority of them abandoned the app instead of commu-
nicating their difficulty with a provider or the research
team. By contrast, when experiencing technical chal-
lenges early intervention group participants more often
reached out to their providers to resolve the issue or to

Table 4. Participant distribution based on user type.

Variables Long term (n= 21) Short term (n= 5) Non-users (n= 17) p-value

Mean (age SD) 71.57 (6.24) 66.89 (7.67) 73.76 (6.37) 0.44

Sex n (%) 0.04

Female (%) 14 (70) 5 (55) 3 (17.6)

Education n (%) 0.071

Less than high school 5 (23.81) 0 0

High-school 2 (9.52) 1 (20) 2 (11.76)

Some college/university 9 (42.86) 1 (20) 3 (17.65)

Undergrad Deg. 2 (9.52) 1 (20) 6 (35.29)

Grad/Prof Deg. 3 (14.29) 2 (40) 6 (35.29)

# of chronic disease 3.72 (2.33) 3.52 (1.72) 2.85 (1.56) 0.58

Table 5. Comparison of baseline and final PSSUQ score among
long-term users and other users.

Month
Long term users
(mean, SD) [n]

Other users
(mean, SD) [n] p-value (CI)

3 2.80 (1.38) [8] 3.04 (1.74) [10] 0.0332

(0.94–1.48)

6 3.16 (2.23) [7] 2.81 (1.73) [8] 0.2874

(−1.56–0.49)

9 3.68 (1.89) [8] 4.24 (1.74) [14] 0.6748

(−1.62–1.07)

12 2.88 (1.40) [4] 2.66 (1) [1] a

aNo statistical test was conducted because there was only one participant in
“other user group.”
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the research team. Thirdly, in early intervention group
sites, primary care providers often played a dual role
of being facilitators of social activities such as walking
group and their primary role in the family health team
such as social workers. Study participants of early inter-
vention groups were active participants of those social
activities. The providers of late intervention group
sites also played these dual roles in their family health
teams but the study participants were not part of it.
There were different levels of enthusiasm for ePRO
among the providers as documents in the memos.
Based on providers’ buy-in to the app, they actively/dis-
couraged their patients to use the app (please see
Supplemental Appendix 3 for detailed thematic analysis
of research memos including example scenarios).

Discussion
The usability score of the ePRO app remained relatively
unchanged over the study period with relatively minor
oscillation. The attrition rate of ePRO shows a steady
decline after 3 months. While comparing the PSSUQ
scores of three user groups, no obvious pattern was
found, suggesting that patients’ PSSUQ score did not deter-
mine them being long-term or short-term users. Although
we might expect that increased attrition could be linked to
a lower usability score, in this study this was not the case.
One explanation of a relatively stable PSSUQ score over
time could be a self-selection issue. Patients who found
the tool unusable may have stopped using the tool and
but also had stopped answering the surveys. Previous
usability studies of mHealth applications have found that
a number of technical difficulties when using an

app13,28,43 as well as contextual factors such as providers’
engagement level, patients’ disease priorities44,45 contribute
to patient attrition.

Research memos offer insights into other contextual
factors that may influence patients’ willingness to adhere
to the ePRO app. The patient-provider relationship
emerged as a core factor in patient engagement in the
app as it impacted how and whether patients would trou-
bleshoot an error regarding the app or any other goal-
related difficulties such as changing their health goals. A
strong, positive relationship with the provider may work
as a resilient factor in case of the occurrence of any tech-
nical or goal-related challenges. Previous research has
similarly demonstrated low attrition rates of digital inter-
ventions for patients with chronic conditions experience
when health providers are more engaged in the interven-
tion44,46,47 However, given the potential self-selection
bias and unknown degree of each factor, it is difficult to
determine whether usability or context factors drove attri-
tion rates over time.

To improve patients’ overall user experience, there is a
need to focus on making apps easy to use (i.e. eliminate
areas of technical difficulty) with consideration of
patient context.48 Often technical difficulties in mHealth
apps are inevitable but providing ongoing training and
sometimes paper-based reminders on how to log-in and
use the app might be beneficial for new adopters of tech-
nology. Other mHealth studies report that older adults and
new adopters of the technology have more difficulty
getting used to an app interface and there can be readabil-
ity issues due to screen adjustment that feels comfortable
to them.47,48

Figure 4. Active monthly users versus average patient-reported post-study system usability questionnaire (PSSUQ) at different time points
for early and late intervention groups patients.
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While research memos related to patient use of the data
reveal some important contextual variables that may play a
role in attrition, the literature suggests additional variables
not captured here. Previous studies have demonstrated
that acknowledging patients’ health priorities in delivering
appropriate treatment plans,49 aligning patient-provider
goals from a novel app50 and scope of personal contact
with primary health providers23 might improve patients’
engagement with a newly implemented digital innovation.
These primary care-based studies flag that primary care pro-
viders play a critical role in their patients’ health-related
goals. Notably, many of these factors are also related to
the patient–provider relationship which was identified as a
critical variable in the study presented here; potentially sug-
gesting that therapeutic relationships may represent an
underlying mechanism driving patient use of novel digital
health tools, which is congruent with previous research
findings.51

Strength of the study

There are two main strengths of this sub-study: (1) the ana-
lysis of patient-reported usability data and attrition of a

mHealth app using a multifaceted blended analysis
approach and (2) the use of real-world data to understand
complex patients’ overall user experience with a
goal-oriented mHealth app. The inclusion of qualitative
memos suggests that the user experience of an app is
nuanced and influenced by patients’ contextual circum-
stances. This study demonstrates the benefits of combining
multiple data sources to gain further insight into app usabil-
ity and its association with usage attrition.25,26,47

This study uses real-world data from patients with
complex health needs and their overall engagement with a
goal-supporting mHealth app. By implementing the app
in a real-world setting, we were able to uncover pragmatic
factors and natural mechanisms such as the patient–provi-
der relationship that impact patients’ user experience of
adopting a mHealth app. These findings are transferable
to other settings where patients and providers engage in
goal development. This will guide future mHealth research-
ers to put patient–provider collaboration in the center of the
mHealth app design.

Limitations

There are two limitations to the current study: (1) Small
sample size and (2) No baseline usability score to
compare patients’ initial usability score with scores after a
certain exposure time. The smaller sample size has
limited our ability to conduct inferential or predictive ana-
lysis. With larger data, a descriptive association between
user demography and user engagement level or relationship
between patients, attrition, and usability score could have
been drawn. Moreover, a larger dataset would allow
further mixing of quantitative and qualitative data52 to
provide a detailed report on how patients’ characteristics
such as education level may impact patients’ ability to trou-
bleshoot technical errors related to ePRO. Lastly, we also
could have benefited from conducting an immediate usabil-
ity assessment just after the first use of the system as waiting
3 months may be too long to capture users’ initial percep-
tions of the tool and how the score changes over time.

Future direction

To go beyond evaluating usability and attrition of digital
health intervention, future research will be better informed
by examining contributing factors in patients’ engagement
based on their preference, skills, motivation, and health
priorities.15,53 Additionally, as eHealth communities are
looking at the sustainable use of mHealth intervention to
ensure effective outcomes, there is a need for research to
identify relational/societal factors (i.e. enhanced supervi-
sion from the provider) that contributes to patients’ usage
pattern and increase patient uptake of mHealth54,55

Drawing from the findings of this paper, we plan to
conduct a qualitative narrative inquiry on patients’

Table 6. Main categories and subsequent themes emerged from
research memos.

Main categories Themes Example incidents

Technical errors
experienced
by patients

Onboarding
experiences (i.e.
scheduling issues)

Scheduling issues
with the research
team

Technical errors (i.e.
forgotten
password)

Forgotten password, a
task was not saved
properly so patient
reached out to the
provider/research
team

Patient–provider
interaction

Patients’ interaction
with the primary
care team

The patient called the
provider to solve
ePRO related
problems such as
changed goals

Part of activities
facilitated by the
primary care
practice

The primary provider
plays a dual role in
facilitating social
activities in the
Family Health Team

Primary care team
providers’ attitude
toward ePRO

Care provider did not
consider ePRO to be
necessary for
patients’ conditions
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experience with the ePRO app. The qualitative inquiry will
help us to capture the individual-level factors that form
patients’ app usage behavior and usage pattern. The quali-
tative exploration will be able to capture the inhibiting/
facilitating factors in using a goal-management app from
a complex patients’ perspective. Additionally, it has the
potential to leverage patient knowledge and experience on
how to address those issues. Further lived insight into the
issue of abandonment and usability will create a knowledge
base for future researchers to design systems that match
target patients’ unmet needs.

Conclusion
The findings of this study suggest that the patient–provider
relationship is an important factor in patients’ engagement
with a mHealth app that supports goal-oriented care in a
primary care setting. Usability questionnaires or attrition
rates alone are not sufficient to evaluate a mHealth interven-
tion’s user engagement because this omits important con-
textual variables that may influence use. This paper also
highlights the contribution of a qualitative approach as a
valuable tool to capture societal/relational nuances that
drive complex patients’ usage of a mHealth app.
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