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Abstract

Background: Despite the growing popularity of mobile app
interventions, specific engagement components of mobile apps
have not been well studied.

Methods: The objectives of this scoping review are to determine
which components of mobile health intervention apps en-
couraged or hindered engagement, and examine how studies
measured engagement.

Results: A PubMed search on March 5, 2020 yielded 239
articles that featured the terms engagement, mobile app/
mobile health, and adult. After applying exclusion criteria,
only 54 studies were included in the final analysis.
Discussion: Common app components associated with in-
creased engagement included: personalized content/feedback,
data visualization, reminders/push notifications, educational
information/material, logging/self-monitoring functions, and
goal-setting features. On the other hand, social media in-
tegration, social forums, poor app navigation, and technical
difficulties appeared to contribute to lower engagement rates or
decreased usage. Notably, the review revealed a great varia-
bility in how engagement with mobile health apps is measured
due to lack of established processes.

Conclusion: There is a critical need for controlled studies to
provide guidelines and standards to help facilitate engage-
ment and its measurement in research and clinical trial work
using mobile health intervention apps.

Keywords: e-Health, telehealth, telemedicine, smart phones,
m-Health

Introduction
nhancing participant engagement is considered a key
priority for wellness and health care, especially as
health care undergoes a shift toward the integration of
digital technologies (e.g., mobile apps, health care
monitors, and online portals with their consumer inter-
faces)."” Technological systems play a critical role in en-
hancing participant engagement."” Among urban and low-
income mothers, the use of smart-device technology for
communication was a particularly important contributor to
higher retention in longitudinal studies.’> Providing digital
health tools has not only led to an increase in study partici-
pation adherence rates,* but it has also contributed to mea-
surable improvements in health care outcomes across several
conditions. For instance, greater patient activation in their
health care improved patient adherence to treatment prescrip-
tions.” Participants’ use of web portals to augment treatment of
diabetes demonstrated improved glycemic control across
multiple studies.®”® Other studies have seen improvements in
participants with HIV,? with coronary artery disease,'® and with
depression,''”"? highlighting how impactful the implementa-
tion of these tools can be across different clinical populations.
Schoeppe et al.'* emphasized common strategies that suc-
cessful mobile interventions often use, such as goal setting,
self-monitoring, and performance feedback in their app de-
sign. To our knowledge, however, there has not been a scoping
review of the specific components of mobile intervention apps
that increase engagement. Common across all digital health
tools are the focus on increased patient engagement and
“empowerment,” which is a result of several qualities inherent
in these tools. Most of these technological systems improve
patients’ communication with and access to health care pro-
viders,"*'> and provide patients with more comprehensive
information about their health on demand.”'® While these
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qualities are common across successful tools and play a large
part in improving patient self-management and decreasing
stress,” improved engagement is no guarantee.

Furthermore, measuring engagement is a challenge that has
likely contributed to our lack of knowledge on app compo-
nents that effectively increase this important metric. There are
now several measures that quantify the amount of engage-
ment that patients feel toward the digital tools and apps that
are being developed,”'® but these are not widely used and
engagement measurements are not standardized across stud-
ies. Some examples of such measures are the Patient Activa-
tion Measure (PAM'®), Mobile App Rating Scale (MARS'),
and the Patient Health Engagement scale (PHE-s'®). These
measures create a quantifiable standardized method by which
researchers can measure the phenomenon of user engagement
during program development, and are important consider-
ations when creating new digital tools for patients and clinical
research participants.

In an effort to support the shift toward mobile interventions
and the benefits of using mobile apps, this review article aims
to address the following questions:

1. What are the components or elements of mobile inter-
ventions that successfully increase participant engage-
ment, and those that may hinder engagement?

2. How do studies measure engagement?

By addressing these questions, we can inform how future work
may be able to standardize this effort with apps or app features.

Methods

A PubMed search with the following criteria was conducted
on March 5, 2020: (engagement(Title/Abstract]) AND (mobile
app) OR (mobile health) AND (adult). To be included in the
analysis, articles must have recruited participants who used a
mobile intervention, and articles must have examined the usage
of specific aspect(s) or component(s) of the mobile app, whether
through measurable app metrics, through participant feedback,
or through author conjecture. The participant population must
have also consisted of patients or of individuals seeking treat-
ment for a condition; articles examining health care providers,
administrators, or employees as the participant population were
not included in the analysis. Ineligible articles included articles
that did not have participants use a mobile app intervention (i.e.,
design/protocol/methods-only articles were not included), did
not provide insight into which particular feature(s) were en-
gaging for participants, were not written in English, and/or were
duplicates. This review article followed PRISMA guidelines for
scoping review articles. There is no review protocol for this
article. See Figure 1 for the PRISMA-based flow chart.
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Before the original PubMed search, the process for data col-
lection and analysis was agreed upon by the study team so that
each article was screened for the same information and that data
were collected the same way. Inclusion and exclusion criteria
were also standardized as described above, and all reasons for
exclusion were recorded specific to each article that was excluded
from analysis. Data were extracted from reading each of the
published articles’ manuscripts. Information on the article’s
country of origin was collected based on the countries listed for
each author. We also classified whether the article’s outcome
measure(s) for engagement were test based or opinion based: test-
based outcome measures were measures that examined app usage
in a measurable way (i.e., had outcomes that were quantifiable
and based on measurements rather than on participant feedback)
and opinion-based outcome measures were measures that did not
have a quantifiable outcome (i.e., had outcomes that were based
on subjectivity, participants’ opinions, or qualitative measures).
Additional information collected on each article included whe-
ther the study was randomized or not (as a binary yes/no), the
study’s participant sample size, and the length of app usage in the
study. Length of app usage was converted into weeks of usage to
standardize reporting. For instance, we converted articles that had
reported usage time in months into usage time in weeks by di-
viding the number of months by 12 and then multiplying that
number by 52 (the number of weeks in a year). We converted
articles that reported usage time in days into usage time in weeks
by dividing the number of days by 7.

To examine the features that were determined as “engaging”
for participants and the methods by which each article exam-
ined engagement, we collected details on engagement mea-
surements, retention rates, clinical changes, and the specific
components identified as “engaging” or “not engaging.” We
categorized the article’s methods for measuring engagement into
one of the following categories: did not measure, based on par-
ticipant self-report (meaning no measurements were taken by the
study team), app usage logs, log-in frequency, survey/lesson
completion rate, number/length of app sessions, use of MARS",
use of Systems Usability Scale (SUS'®), or “Other.” The study’s
retention rates were reported (as a percent) based on the article’s
reported retention/attrition rate. If it was presented in another
format or missing, we used the enrollment numbers to calculate
the overall retention rate as a percentage, with the number of
participants who were reportedly enrolled to use the mobile app
treated as the total number enrolled, or the denominator, and the
number of participants who were still enrolled at the last time
point in the study was treated as the numerator. We also recorded
whether the study reported or found any clinical changes by
classifying it into one of the following categories: not reported, no
differences, N/A, majority of participants self-reported the app as
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PRISMA 2009 Flow Diagram
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From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2008). Preferred Reporting ftems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): 1000087, dei:10.1371§ourmnal. pmed1000087
For more information, visit www.prisma-statement.org.

Fig. 1. PRISMA flow chart of articles included in this review. From: Moher et a

helpful/useful, trend, or yes, if differences were found. And lastly,
we listed out the important app components that were most used
by participants in the study and/or were associated with an in-
crease in app engagement.

There was inconsistent reporting on studies’ potential
biases as not all articles assessed were randomized trials;
however, as described above, the outcome measures used,
whether or not the studies were randomized, and the

LSO

methods of measuring engagement were all collected to
inform the quality of each article’s results.

Results

In total, 236 articles resulted from the search criteria. After
removing articles based on exclusion criteria (Fig. 1), 54 ar-
ticles were assessed for this review. Table I provides details
regarding each study and its characteristics.
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More than half, 56% (n=29) of articles, were from the USA,
7.8% (n=4) were from the United Kingdom, 15.7% (n=8) were
from Australia, 3.9% (n=2) from Canada, 7.8% (n=4) from
South Korea, 2% (n=1) from Scotland, 2% (n=1) from Sin-
gapore, and 3.9% (n=3) involved more than one country
(Australia/USA, U.K./Italy, and U.K./Saudi Arabia). There was
a wide variety of health realms targeted by the mobile inter-
ventions (Table 1), including: Asthma, Rheumatoid Arthritis,
Breast Cancer prevention, Heart disease, Pain management,
Neurological diseases (one multiple sclerosis and one de-
mentia), Diabetes management, Diet, Electronic health records
access, General health monitoring, HIV, Hypertension, Mental
health, Physical Activity, Pregnancy, Smoking cessation,
Rehabilitation, Alcohol/Substance abuse, and Weight loss
(involving both diet and physical activity). There was a near-
even split between studies that examined the use of the app
based on quantifiable measures or “test-based” (33.3%,
n=18), qualitative measures or “opinion-based” (31.5%,
n=17), and studies that used both test-based and opinion-
based outcomes (35.1%, n=19). However, only 25.9% (14/54)
articles were randomized studies. The median participant
sample size was 77, with a wide range from 10 participants up
to 12,427,196.

COMPARISON OF SUGGESTED DESIGN ELEMENT/APP
COMPONENTS

Table 2 outlines the app components that were associated
with more participant engagement. Across health conditions,
three major areas emerged that were associated with greater
engagement: (1) Diaries (logging) and feedback: meal, blood
pressure, medications, and weight loggings, visualization of
participant’s health data over time, personalized feedback based
on questionnaires or from health care providers; (2) Coaching
and education: goal-setting tools, health coach/provider mes-
saging, personalized content, educational modules or lessons;
and (3) Reminders: reminder tests and/or app notifications at a
limited frequency. App components that hindered participation
included: reminders that were too frequent, social forums or
integration with social media, daily surveys (or redundant sur-
veys), and technical problems (such as problems with Wi-Fi
connection, app navigation, or problems logging in).

CLINICAL OUTCOMES OF ASSESSED APPS

Only 55% (30 out of 54) articles included in the analysis
examined differences in clinical outcomes due to the mobile
intervention, of which 53% (n=16) found significant differ-
ences, 10% (n=3) showed a positive trend due to the inter-
vention, 20% (n=6) had a majority of participants report the
app as helpful and/or useful, and 17% (n=>5) found no impact.
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MEASURING ENGAGEMENT

About a fifth of articles (20%; n=11) did not use any
measurement method and drew conclusions about engaging
features based on conjecture or opinions from the study team
(rather than from collected study data), whereas 11% (n=6) of
articles used participant self-report of usage to measure en-
gagement with the app. Of the remaining 37 articles that did
measure engagement in a quantifiable way, 41% (n=15)
looked at app usage logs, 14% (n=5) relied on survey/lesson
completion rates, 11% (n=4) relied on log-in frequency,
11% (n=4) examined the number and/or length of app
sessions, and only 8% (n=3) used an established scale to
measure engagement (n=1 used the MARS and n=2 used
the SUS). Nineteen percent (n=7) of these 37 articles used
another way to measure engagement, which included: par-
ticipant updates per week, the length of time participants
wore wearable devices, interactions with daily self-reports,
weight/blood pressure loggings, whether or not participants
“charted” in the app within 24 h of a push notification, and
an “adapted usability scale.”**

LENGTH OF APP USAGE

The review analysis showed that one article did not report
the length of app usage, three were completed in one-time
sessions, and six had not set a specific period of time for the
intervention (participants used it a variable amount of time
and were neither told to start or stop using the app). Of the
remaining 44 articles, the usage duration ranged from 2 to 104
weeks, and the average length of usage was 21 weeks
(SD=22.7 weeks, median=12.8 weeks, mode=26 weeks).
Many articles also reported a drop-off in usage after the first
week of the study,”®*"**”3 and/or reported an initially high
level of participation that slowly diminished over the course
Of the Study.29,32,40—42,56,62,73

STUDY RETENTION RATES

Retention rates were not applicable or not reported in 31%
(n=17) of the evaluated studies. In the remaining studies, the
retention rate ranged from 149% to 100%, with an average 68%
(SD 25%) and a median of 799%.

Discussion

The use of mobile apps in health care is gaining ground,
however, research geared toward understanding patient/app
interactions (engagement) is still nascent. This is evident by
the small number (236) of articles matching the broad key-
words used in the initial literature search. The PRISMA process
then reduced this number to only 54 articles (~ 23%) eligible
for engagement analysis.

MARY ANN LIEBERT, INC.



Table 2. Important Elements of Applications That May Increase and Decrease Usage by Disease Indication or Health Realm

DISEASE INDICATION
OR HEALTH REALM
(NO. OF ARTICLES)

APP COMPONENTS USED LEAST,
AND/OR ASSOCIATED
WITH DECREASED ENGAGEMENT

APP COMPONENTS ASSOCIATED
WITH INCREASED ENGAGEMENT

Alcohol/substance

Personalized content®®

None reported

abuse (n=3) Real-time feedback®®
Text-message prompting use of app°
Reminders to take medications and attend appointments?'
Daily meditation prompts®?
Live online video meetings®?
Discussion boards®?
Diversity of resources under the concept that this "might help
engage individuals at various recovery stages (e.g., less than 1 year
and greater than 1 year)"*?
Rheumatoid Data visualization, particularly a 10-segment motif interface Mobile app drained smartphone battery®'

arthritis (n=1)

instead of a list of questions®’

Daily alerts®’

Smartphone memory problems
due to accelerometer's large files®'

Asthma (n=1)

Reminders®

None reported

Asthma resources and educational information®

Ability to connect with others®®

Goal-setting tools and assistants®®

Breast cancer
prevention (n=1)

Upcoming procedure list?®

None reported

Upcoming procedure detail*®

Navigation®®

Diabetes
management (n=4)

26,29

Meal logging

Communicating with other patients?’

Weight monitoring/"Weekly weigh-ins"262°

Social media integration?®

Nutrition information of food eaten®”

Blood glucose level tracking® =%

Insulin logging?®

Patient education®®

Health coach messaging®

Electronic health
records access (n=1)

Mobile public health record access*

None reported

General health
monitoring (n=1)

Self-monitoring function (tracking/recording health information)*

Medication function®®

Access to electronic medical record information from chart®®

Outpatient support service to make reservations®>

Heart disease (n=1)

Reminders®*

None reported

Goal-setting®*

Electronic health diary>*

Secure app messaging with a coach®*

Educational modules®*
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Table 2. Important Elements of Applications That May Increase and Decrease Usage by Disease Indication or Health

Realm continued

DISEASE INDICATION
OR HEALTH REALM
(NO. OF ARTICLES)

APP COMPONENTS ASSOCIATED
WITH INCREASED ENGAGEMENT

APP COMPONENTS USED LEAST,
AND/OR ASSOCIATED
WITH DECREASED ENGAGEMENT

HIV (n=2)

Customizable push-notification medication reminders®

Discreteness of electronic pill bottle®®

Blood pressure logging™*

Weight logging*

Education modules®*

Health-related messages to coach®*

Flashing lights and beeping of electronic pill bottle*®

Hypertension (n=1)

Weigh-ins®’

Meal logging®’

Educational articles®’

Targeted text messages®’

None reported

Mental health (n=10)

Personalization of app content®®~*°

Videogame-inspired cognitive intervention'

Push notifications at 12:30 pm any day, or at 7:30 pm on weekends
(vs. other times of the day)*®

Tailored health message notifications (vs. standard push
notifications) are associated with a small increase in likelihood
to engage with an app within 24 h*®

Graphical representation of mood states over time®®

Prompts to use app*®

Internet-based problem-solving therapy'®

13,45

Daily health tips

Daily surveys*®*®

Alerts in response to daily surveys*

Direct visualization of their own data*

Using a hub recommender app*'

Expectation to swap apps in and out of use rotation*?

Low-intensity coaching*?

Skills training through brief app sessions*

Appointment reminders*?

Tracking functions®

Anger frequency/intensity/cues logging**

Behavioral strategies suggestions**

Individually tailored anger management plan prompts**

"Some participants appreciated the badges

and reinforcements they received when they
completed their check-in surveys, whereas

others felt patronized by the motivational language"*°

Neurological diseases (n=2)

Photo multimedia content for individuals with dementia*’

Personal media for individuals with dementia*’

“Reminiscing screens” for individuals with dementia*’

Sharing information with doctor*®

Video content for individuals with dementia®’
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Table 2. Important Elements of Applications That May Increase and Decrease Usage by Disease Indication or Health

Realm continued

DISEASE INDICATION
OR HEALTH REALM
(NO. OF ARTICLES)

APP COMPONENTS ASSOCIATED
WITH INCREASED ENGAGEMENT

APP COMPONENTS USED LEAST,
AND/OR ASSOCIATED
WITH DECREASED ENGAGEMENT

Pain management (n=2)

Daily exercise notifications*®

Event marker button was difficult for those

“uMotif" interface design®™

with dexterity and hand function issues®°

Passive data collection®®

Personalizing time reminders are sent™

End-of-study report that detailed their sleep, average pain, fatigue,
and wellbeing scores™

Study support (for app problems, etc.)®

Physical activity (n=5)

Using FiMit®*%>5¢

Weekly surveys®?

Health coaching®

3+ text message reminders per day were too frequent™

Gamification and score sharing through social media®?

Social forum and private messages®®

Customization features (changing color components of the app,
score sharing options, smartphone vibration, etc)®

Self-monitoring of behavior®*

Goal setting®*

Feedback on behavior™

Social comparison®*

Similarity and familiarity between users®*

Participation from other users in the network®*

Automation and personalization®*

Pregnancy (n=1)

Health milestones®®

None reported

Personalized “What's Happening this Week" screen®®

Rehabilitation (n=3)

Exercise tracking®

Wi-Fi connection issues®®

Peer patients' information®®

Receiving feedback from questionnaires®

Immediate feedback from the patient's movement®’

Smoking cessation (n=3)

"Happiness exercises"®?

Social support app functionality®

“Interactive Tobacco Tracker"®®

No human intervention contact®®

Cost savings calculator®®

Quitting plan behaviors®

Taking daily breath samples®*

Cigarette logging®*

Wearable usage®
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Table 2. Important Elements of Applications That May Increase and Decrease Usage by Disease Indication or Health

Realm continued

DISEASE INDICATION
OR HEALTH REALM

APP COMPONENTS ASSOCIATED
WITH INCREASED ENGAGEMENT

APP COMPONENTS USED LEAST,
AND/OR ASSOCIATED
WITH DECREASED ENGAGEMENT

(NO. OF ARTICLES)

Diet and weight loss (n=12) | Feedback about calorie intake and consumption

57,72,73

Redundant surveys’’

Calorie counter®®

Peer support™®

Step counter®

Mobile-based visual diary*®

Contributing posts on a group®

Difficulty logging in’?

Information/reading articles®””*

A hard to navigate app’?

Customized recipes®®

Diet, fluid, and/or protein tracking”

Push notification reminders (i.e., of goals, to drink and walk frequently

]71,73

Nutritional information”"

Image-based dietician support®

Personalized text messaging®"’?

Personal data entry (i.e., fluid intake logging)”'~"®

Goal-setting”®

Food lists”®

There was little commonality in how studies measured
participant engagement, and a wide range in the length of app
usage in these studies. Most studies, depending on the app
utility objectives, used longitudinal or cohort-testing ap-
proaches. Several studies explored ways to improve engage-
ment within their own app prototype; of note was Bidargaddi
et al.*® who implemented a “micro-randomized” clinical trial
of push notifications to determine the effects they had on
engagement with a mobile health app. This study approach
was one of very few that used an experimental approach to
address design choices and their effects on engagement di-
rectly. They found that sending a tailored health message at
12:30 pm on any day, or at 7:30 pm on weekends, made
participants almost 9% more likely to use the app.

Mobile app developers utilize measure scales such as SUS
and MARS to gain insight on the usability, functionality, and
satisfaction from users. It was surprising to find that only three
articles followed the MARS'” and SUS' to evaluate engage-
ment outcome measures, and none used the PAM'® or PHE-s.®
For the rest of the studies, excluding the ones that did not
directly measure engagement (n=11), and those that relied on
participant’s report for engagement results (n=6), the most
common quantitative approach to measure engagement was
through app usage logs (n=15) from which the study teams

10 TELEMEDICINE and e-HEALTH MONTH 2021

were able to quantify minutes of app usage, the frequency of
log-ins, and the frequency of app components that were used.

A host of app components affected engagement level, but
the most engaging mobile interventions provided participants
with the ability to view and/or interact with their health data.
This aligned with other findings that the return of information
to participants is an especially important aspect of creating
engaging and impactful digital tools,’*”> as doing so in-
creases participant self-efficacy by involving individuals in
making their own well-informed health care decisions.”®
Moreover, providing results and information tailored to an
individual’s gender, needs, characteristics, and interests has
been shown to both produce more online activity and increase
retention on follow-up surveys.”” The findings from this re-
view support these statements.

It appears that the first week marks an important time point
in continuing usage of the app, as many studies reported the
largest drop-off in usage after the first week of the study, re-
gardless of study duration (ranged from 3 to 26 weeks).
Through app usage logs, researchers were able to track app
engagement and assess drop-off in participation (Table I). This
pattern was not reported in studies that only relied on sub-
jective measures of engagement, demonstrating that measur-
able methods to track app engagement provide a fuller picture
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of app usage. The analysis suggests that app engagement plays
an important role in study retention. Once past the first week,
retention rate was very high averaging around 68% among
participants who stayed on the study. Study duration, disease
indication, study duration, and participant incentives affected
retention rate that ranged widely from 46%’® to 86%.”° The
retention rates of most of the examined mobile interventions
fall well within the expected range of longitudinal studies, with
only n=12 studies (22.2%) examined reporting retention rates
lower than 60%. Of the n=11 studies (20.4%) that reported
retention rates of 85% or greater, the apps featured the fol-
lowing components that were popular among participants:
reminders/push notifications (especially personally tailored
messages), ability to communicate with doctors and/or care
teams through messaging features, self-reporting or “logging”
of symptoms, and easy access to health information.

Incorporating digital tools and mobile apps in the man-
agement plan of patients’ health is rather a new approach in
health care. Research to generate evidence for the utility and
efficacy of these tools in health care intervention and man-
agement is still nascent. We recognize that this analysis bears
several limitations due to (1) the small number of published
studies (articles) addressing engagement to be included in
analysis, (2) many studies’ lack of processes around mea-
surement of engagement, and (3) hence, great variability in
results. This review may not be able to accurately capture the
true app components necessary to increase engagement with
apps due to articles’ lack of robust methods for measuring
engagement, and due to the limited number of studies that can
be properly compared by underlying health conditions.

Conclusion

In conclusion, despite the growing popularity of mobile app
interventions, the specific engaging components have not
been well defined. This article provides insight into existing
methods and tools that may encourage participant engage-
ment with future mobile app interventions in various disease
indications. The information provided in this study is intended
to help clinical teams, researchers, and clinical trialists design
better mobile applications that will provide participants and
patients with greater satisfaction and ultimately better out-
comes. Future work is needed to develop common guidelines
to support specific components or activities that lead to in-
creased engagement with mobile health applications. There is
also a tremendous need for cross-disciplinary agreement on
standards for engagement measurement to provide greater
generalizability. These two elements could help minimize app
design and user testing periods and lead to greater success
with mobile health interventions in the future.
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