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Introduction

Engagement with digital health interventions (DHIs) can 

be defined using metrics such as the amount (e.g., total 

number of times accessed the intervention), duration (e.g., 

total time of use), frequency (e.g., patterns of use) and depth 
(e.g., content consumed within intervention) of intervention 
use (1,2). However, while these metrics do capture what 
the user does within the DHI, it may not fully capture the 
complex relationship between what the user is doing online 
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and the DHI targets for offline behavior change. Recent 
work by Yardley et al. attempts to bridge these processes 
by conceptualizing that there are two levels of engagement 
that should be considered. Micro-level engagement is 
the moment-to-moment level of use including a user’s 
experience while in the DHI, while macro-level engagement 
refers to the depth of involvement in the behavior change 
process (including any offline actions the user takes) that 
the intervention is meant to address (3).

In many mHealth intervention trials ,  effective 
engagement, defined as the sufficient amount, duration, 
frequency or depth of interactivity required to achieve 
intended behavioral outcomes, does not occur (3,4). This 
challenge has been reported across DHI intervention studies 
enrolling youth with chronic health diseases, including 
HIV (5-9). Youth in particular may become habituated to 
the mobile application (app, which also includes mobile-
optimized websites) or pulled in other directions due to 
competing demands from social media and entertainment-
based apps (10-13). At present, however, it remains 
challenging to categorize engagement accurately. For 
example, researchers might perceive users’ disengagement 
to reflect premature intervention attrition (e.g., a user 
stopped engaging with the DHI before reaching the 
researchers’ desired engagement level) when in fact it may 
be that users required less engagement than expected to 
achieve the behavioral target. Thus, simply assessing in- app 
usage may fail to provide the full picture of engagement. 
A model proposed by Yardley et al., would suggest that 
disengagement at the micro-level (e.g., stopping app use) if 
this occurs after a period of effective engagement, does not 
necessarily mean that the user is not still immersed in the 
DHI at the macro-level (3). For example, a participant may 
stop using an adherence focused app to track their daily 
medication doses (e.g., disengage at the micro-level) but 
still use skills learned within the app (e.g., tying medication 
adherence to a daily behavior like eating breakfast) to 
continue taking daily medications as prescribed (e.g., 
continue to engage at the macro-level).

Defining and operationalizing effective intervention 
engagement is not simple. As a starting place, investigators 
should consider how, in an ideal world, they would want 
or intend users to engage with the DHI. This means 
deciding what is deemed to be sufficient engagement at 
both the micro and macro level to result in the behavior 
change desired. Given that most DHIs include multiple 
components, decisions regarding engagement with individual 
component as well as combined usage must be considered. 

Further, investigators should plan to account for pathways 
and patterns of use of features that may impact intervention 
outcomes and adjust their data analytic plans accordingly.

Given the vulnerability of youth in acquiring HIV and 
other sexually transmitted infections (14,15), researchers 
and policy makers have advocated for the inclusion of 
HIV programs and interventions that are “youth focused 
(16,17).” DHIs are well-suited for youth given the ubiquity 
of technology use in this population and its established 
feasibility and acceptability to address HIV prevention 
and care outcomes (10,18). However, bringing DHIs to 
scale will ultimately require a better understanding of both 
what effective engagement is, how to implement strategies 
linked to micro and macro level engagement, and how 
to measure it among youth participating in these trials. 
Recognizing this need, the Adolescent Trials Network for 
HIV Interventions (ATN) funded the UNC/Emory Center 
for Innovative Technology (iTech). iTech aims to lower 
the burden of HIV infection by developing and evaluating 
innovative, interdisciplinary research on DHIs across the 
HIV prevention and care continuum for at-risk youth and 
youth with HIV aged 15–24 years in the United States (US). 

Methods

In this paper we highlight five iTech interventions (see 
Table 1 and intervention protocol papers for full details) 
(19-24) to explore how, by designing personalized and 
developmentally tailored interventions that prioritize 
the inclusion of strategies to facilitate both micro and 
macro level engagement, we can maximize the appeal and 
relevance of young users, thereby increasing the likelihood 
of positive behavioral change. In this paper, we first discuss 
six strategies that have shown promise for increasing 
engagement in DHIs and increasing its likelihood of being 
perceived as useful, relevant and “youth focused” among 
adolescents and young adults. These components include 
use of theory in DHI development, tailoring, provision of 
self-monitoring and feedback, fostering social support from 
peers and providers, including “push factors” (reminders, 
notifications) and inclusion of game-based elements  
(12,25-30). We then highlight how these components have 
been operationalized by providing concrete examples from 
five DHIs being evaluated for efficacy in iTech (19-24). 

The University of North Carolina at Chapel Hill, 
Institutional Review Board has approved all iTech studies. 
The University of North Carolina at Chapel Hill has 
committed to uphold regulatory and ethical standards 
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through a Federal Wide Assurance (FWA) approved by the 
federal Office for Human Research Protections (OHRP). 
Our assurance with OHRP is FWA #4801.

Results

Strategies that have shown promise for increasing online 
engagement

Theory-based
Theory can and should play an important role in DHIs by 
(I) narrowing intervention focus; (II) guiding intervention 
design and function; (III) informing individual intervention 
components;  (IV) determining what outcomes of 
interest will be evaluated; and (V) directing analysis and 
interpretation of results. Theories used can be specific to 
models of health behavior change, such as the Information, 
Motivation, Behavioral-Skills Model (IMB) (31) and Social 
Cognitive Theory (SCT) (32) or they can be specific to 
digital interventions, such as the Fogg Behavioral Model, 
persuasive system design, or the eHealth Behavioral 
Intervention (BIT) model (33,34). Many reviews of eHealth 
interventions in HIV have assessed the incorporation of 
theory (28,35-37), with inclusion showing greater positive 
effect sizes. However, there has been an uneven application 
of theory within mHealth HIV intervention studies (28). 
While many DHIs failed to incorporate any behavioral 
theory, even when used to design intervention messaging 
and content, the mechanisms of change proposed by the 
theoretical framework are often not explored in intervention 
evaluation (28,35,36). 

Tailoring
Within mHealth, tailoring refers to the use of individuals’ 

data to customize intervention content based on variation 
in their psychological, social, and behavioral profiles with 
the expectation that this individualization will lead to larger 
intended effects of these communications (38,39). Tailoring 
uses information about the individual to determine what: 
(I) content to deliver, (II) the context/frame for delivery, 
and the (III) method or channel(s) of delivery. Tailoring 
may be achieved through personalization and customization 
of the intervention design (e.g., as part of registration, the 
app requests the users first name, then all future messages 
address the user by their first name) or by allowing users to 
change specific features of the intervention (e.g., choose a 
background color or screen saver image, create a personal 
profile, edit an avatar, set medication alarms) that better suit 
their needs and preferences. 

Tailoring has been shown to increase the message or 
content relevance to an individual end-user, with tailored 
interventions producing and maintaining higher rates of 
behavior change than non-tailored programs in a variety 
of health domains (40). Tailoring also allows investigators 
to understand behavioral mechanisms that contribute 
to intervention efficacy (41). A review of internet-based 
behavioral interventions for chronic illness suggests that 
user engagement may be sustained by addressing health 
concerns that are relevant to the user and offering tailored 
advice and feedback (42). 

Provision of self-monitoring/feedback
Self-monitoring with provision of feedback (SM/F) 
promotes reflection for self-awareness, serves as cues to 
action (reminders), provides reinforcements from self-
tracking, and can impact risk perceptions, motivations, 
skills, and behavioral activation (43). Systematic reviews 
indicate that interventions that increase the frequency 

Table 1 Description of iTech interventions and outcomes

Study name Population of interest
Platform for  

delivery
Length of  

intervention
Length of 
follow up

Primary intervention  
outcomes

Get Connected YMSM with self-reported high sexual risk Web app 1 session 12 months HIV testing

LYNX YMSM with self-reported high sexual risk Native App  
(iOS and Android)

6 months 12 months HIV testing and  
PrEP uptake

MyChoices YMSM with self-reported high sexual risk App (iOS and Android) 6 months 12 months HIV testing and  
PrEP uptake

P3 YMSM and YTWSM on or about to initiate PrEP App (iOS and Android) 3 months 6 months PrEP adherence

YouTHrive Youth with HIV at risk for poor ART adherence Web app 5 months 11 months ART adherence

YMSM, young men who have sex with men.



mHealth, 2021Page 4 of 11

© mHealth. All rights reserved. mHealth 2021;7:23 | http://dx.doi.org/10.21037/mhealth-20-48

of SM are likely to promote behavior change, especially 
when SM is combined with feedback (44,45). SM/F can 
introduce routines and habits that can become a behavior 
with time due to repetition, provides users with reflection 
and accountability and can be motivational especially if one 
is able to see positive results or a trend of improvement. 
While utilized most often in the health and fitness space, 
a systematic review among youth with HIV found SM/F 
to be one of the most promising strategies for improving 
antiretroviral (ART) adherence (46). 

Fostering support (to peers and providers) 
Features that facilitate access to social support have been 
found to positively influence engagement in a range of 
DHIs (1). The availability of social support has been shown 
to promote engagement by making users feel valued and 
supported throughout the intervention. A 2011 systematic 
review conducted to explore which strategies have been 
integrated into interventions to improve engagement, and 
what the relative effectiveness of these strategies were, 
found that provision of peer and counselor support was 
one of the most important factors associated with better 
intervention exposure (29).

In terms of provision of peer support, technological 
advances show promise for generating support networks 
that bypass geographic boundaries and leverage the 
desire for human connection and social interaction. In a 
systematic review evaluating the effectiveness of online 
social networks interventions, most (9 of the 10) trials 
included had significant improvements in health behavior 
change mechanisms or outcomes, offering preliminary 
evidence that social networking-based health interventions 
may be effective in changing behavior (47). Delivery of 
interventions that use existing online social networks such 
as Facebook and Twitter appear to offer particular promise 
for sustained engagement, due to their high level of user 
retention and engagement (48). 

Inclusion of “push factors” (reminders, notifications)
These consist of prompts (email or text reminders) delivered 
either within or outside of the app designed specifically to 
promote continued user engagement with the DHI. In the 
same systematic review described above, regular contact 
by email or phone appeared to result in a greater number 
of log-ins (29). Another systematic review conducted 
specifically to evaluate the effectiveness of technology-based 
reminders for promoting engagement with DHIs found 
small but positive effects of these strategies on engagement 

compared to no strategy (25). The characteristics of 
notifications, such as timing, duration, frequency, content 
or delivery modality that are most impactful has not been 
fully elucidated.

Inclusion of game-based elements
Gamification is the term used to describe when game 
elements, such as game mechanics (e.g., competition, 
collaboration) and dynamics (e.g., points, rewards), are 
applied to a nongame context (26). Interventions can 
utilize gamification to deliver highly engaging content, 
enhancing the degree and depth of participant interaction 
and increasing behavior change opportunities (27). 
Including game-based elements can make health activities 
fun, enjoyable, and understandable thereby increasing one’s 
intrinsic motivation to engage. 

Currently there is no unified framework for evaluating 
gamification principles within DHIs and data regarding 
the effectiveness of gamification techniques for increasing 
engagement is relatively limited. with some indication that 
effects on engagement are small and not sustained (49,50). A 
systematic review evaluating the effectiveness of gamification 
strategies to increase engagement included 15 studies 
(published through October 2015) involving a total of 
10,499 participants. With regard to both direct engagement 
and downstream behaviors, 12 out of 15 studies found 
positive significant effects in favor of gamification (51). 

Examples of engagement strategies within five iTech 
interventions

Table 2 provides overview of engagement features used in 
each of the five interventions within iTech.

Use of theory 
In thinking of the application of theory, it is most useful 
to consider how interventions in iTech operationalize 
theory within DHI components to both engage users and 
impact their intended behavioral outcomes. The LYNX and 
MyChoices apps, both designed to increase HIV testing 
among young men who have sex with men (YMSM), were 
developed based on different theories (e.g., IMB and SCT, 
respectively). As such, each employs unique intervention 
components in line with their theoretical constructs. For 
example, LYNX, which is based on the IMB model uses 
sexual history diaries and personalized risk scores to provide 
YMSM with information and motivation to test regularly; 
and instructions and guidance to support behavioral skills 
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for HIV/STI testing and PrEP uptake. In MyChoices, 
in-app reminders and brief assessments about sexual risk 
and protective health behaviors within the app are used to 
promote self-efficacy, goal setting, and self-regulation. Self-
efficacy is enhanced by facilitative environmental conditions 
such as the geospatial reminder system in the app. Goal 
setting and self-regulatory functions are promoted through 
the participant’s ability to self-monitor their HIV testing 
through development of testing plans. Some features 
are common to both interventions. For example, both 
apps provide home-based HIV/STI-testing options and 
geospatial-based testing site alerts—within LYNX these 
features are intended to increase YMSM behavioral skills 
while in MyChoices, they are targeting an increase in self-
efficacy by enhancing the feeling of control over one’s 
ability to get tested regularly for HIV and use PrEP. While 
all five interventions were developed based upon well-
described theories from health behavior, only one (P3) also 
incorporates a theory of digital design, the Fogg Behavioral 
Model, into its intervention framework. According to the 
Fogg Behavioral Model, the principal factors to promote 
behavior change using technology include triggers (app 
notifications), ability (provision of information), and 
motivation (social support, rewards) (28,52).

 
Tailoring interventions to users
While all five interventions include some level of 

tailoring, each does so to varying degrees within two main 
categories: tailoring of content within the intervention 
and personalization strategies through in-app messaging. 
The level and amount of tailoring can differ based on 
whether the intervention is designed to be a brief or 
on-going program. Get Connected, for example, is a 
brief intervention that provides content tailored to each 
participant based on their psychosocial and sexual profiles 
and self-reported values collected through a survey 
administered at intervention initiation. For example, a 
19-year-old, Black, single YMSM who has never tested 
for HIV due to concerns regarding cost who values being 
strong and successful will receive very different content 
than a 22-year-old, Latino YMSM in a relationship who has 
tested previously but does not do so regularly because he 
doesn’t view testing as urgent and who most values being 
responsible and real. YouTHrive, on the other hand is an 
on-going adherence intervention for youth with HIV. While 
all users receive approximately three Thrive Tips (e.g., 
brief tips, videos or image-based content about how to live 
with HIV and better manage medication adherence) a day, 
users are notified which of the daily tips are personalized 
to reflect their unique adherence information, motivation, 
and adherence self-efficacy barriers. As assessed from the 
baseline survey, these tips are identified with an icon (e.g., a 
fire symbol) to encourage greater engagement and highlight 
their relevance to youth’s specific adherence barriers. 

Table 2 Engagement strategies utilized in iTech interventions

Study name

Theory-based Tailoring 
of  

content

Self-monitoring 
and feedback

Fostering support Push  
notifications/

reminders

Game-based  
elementsBehavioral Digital

Social support  
(peers)

Connection to  
providers

Get Connected 1 5 6 – – – –

LYNX 2 – 6, 7, 8 12, 13 15 17, 18, 19, 20 21

MyChoices 3 – 6, 7, 8 – 15 17, 20 –

P3 3 4 – 9, 10 13, 14 16 18, 19, 20 22, 23, 24, 25, 26

YouTHrive 2 5 9, 11 13, 14 – 20 22, 23, 26

Theories used: 1Integrated Behavior Model and Self-Determination Theory; 2Information, Motivation, Behavioral-Skills Model (IMB);  
3Social Cognitive Theory (SCT); 4Fogg Behavioral Model. Content tailoring: 5the content of the intervention is matched to the needs and  
preferences collected from the individual user at intervention initiation and/or during use. Self-monitoring and feedback: 6HIV/STI testing;  
7sexual risk behaviors, including condom use; 8substance use behaviors; 9medication adherence; 10pharmacy refills; 11mood. Social  
support: 12connection to youth who are not participants (e.g., study staff); 13videos, testimonials; 14peer-to-peer forum/social wall.  
Connection to providers: 15medical personnel (doctors, nurses, PAs); 16adherence coach. Notifications: 17notifications for HIV/STI testing or 
results (including when near a testing site); 18notifications based on self-monitoring behaviors (including reminders for medication taking); 
19notifications related to social wall/forum postings or comments/chats; 20notifications to log-in to app. Game based elements: 21badges; 
22points; 23rewards (virtual); 24rewards (tangible); 25quests/challenges; 26avatars.
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Self-monitoring and provision of feedback
This feature is included in all four of the interventions 
that are meant to last for more than a single session and is 
tied to youth either tracking a specific behavior (e.g., daily 
PrEP taking within P3) or responding to in-app surveys 
or assessments (e.g., completing a sexual partner diary 
entry in LYNX). Contextualizing what complete or partial 
engagement with these features are is behavior specific. 
For example, medication taking is a daily behavior and 
thus tracking is expected to be daily in order for the app 
to provide personalized feedback on this activity, while 
engaging in sex (and thus recording this activity in a sexual 
diary) may or may not be. It is notable that, while each 
intervention engages in self-monitoring related to the 
primary HIV related outcomes of their DHI, many also 
facilitate self-monitoring of behaviors that are either (I) 
known to impact HIV-related outcomes or (II) are likely to 
be important to youth participants, thereby increasing their 
potential usage of and engagement with the intervention 
overall.

Fostering social support from peers and providers
Provision of social support from peers and providers can 
be particularly important when dealing with stigmatized 
conditions and identities. These connections can be 
with other youth in the intervention through peer-to-
peer forums. In these interventions, forums may be 
coordinated by youth who work with the study team (i.e., 
not study participants) to provide support/guidance (e.g., 
study ambassadors). To further increase engagement, the 
forums within P3 and YouTHrive share common features/
functionality seen within typical social media platforms 
utilized by youth. For example, entries by participants 
are displayed in real time and can be liked, reacted to 
(e.g., thumbs up, heart emoji) or commented on by other 
participants. However, distinct from social media platforms, 
no direct messaging between participants is allowed and 
all posts are visible to everyone. While this may in fact 
have negative impacts on engagement, a balance must be 
struck to ensure full human subjects protections are in 
place. Alternatively, social support can be provided in the 
absence of direct peer-to-peer interactions through videos 
and testimonials in which youth share their experiences 
regarding how they dealt with (and often overcame) similar 
challenges. Three intervention (P3, YouTHrive and LYNX) 
utilize this strategy.

While none of the five interventions connect participants 
directly to their own medical providers or clinics, both 

LYNX and MyChoices provide access to medically trained 
study personnel who are able to answer health-related 
questions, via a bi-directional chat or email, respectively. 
Within P3, to reinforce PrEP adherence, an adherence 
coach conducts structured coaching sessions through text 
messaging within the app.

Inclusion of push factors (reminders, notifications) 
Similar to self-monitoring, only the four interventions 
meant to be used for a sustained time period include 
push factors to facilitate continuous engagement (or 
re-engagement) of youth. These notifications may be 
related to both in-app (those related to forum postings or 
adherence counselor sessions) or out of app (reminders for 
HIV/STI testing or medication taking) activities. All four 
interventions allow employ discreet notifications (typically 
delivered via text message) specifically designed to re-
engage those youth who have not been active on the app for 
varying periods. 

Game-based elements
This feature was used the least among the five interventions 
and to varying degrees. LYNX awards badges for actions 
that a user has just completed (e.g., “PrEP’d” badge for 
starting PrEP or the “Golden Butt” badge for 100% 
condom use during receptive anal sex in the past month). 
Both YouTHrive and P3 employ more sophisticated game-
based elements including awarding points for completion 
of in-app activities that lead towards unlocking content, 
meant to be a “virtual” reward. Only P3 includes “tangible” 
rewards in the form of financial incentives, based on 
behavioral economics principles (53,54) and tied to app 
engagement. Each participant begins the intervention with 
$90 “seeded” within their “virtual” bank account and can 
either gain $0.50/day for daily app engagement or lose 
$1.00/day on days when the app was not used. Thus, at 
3-month trial completion, users can earn a range of $0–
$135 dollars.

Discussion

Poor engagement is a critical barrier to the effectiveness of 
mHealth interventions. Deciding what “poor engagement” 
means and subsequently evaluating its role on study 
outcomes further complicates the assessment of mHealth 
effectiveness (2). Reflecting back on both the micro and 
macro levels of engagement proposed by Yardley will be 
critical to inform evaluation of effective engagement within 
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iTech DHIs (3). For instance, youth may use the LYNX 
app routinely to track their sexual encounters (sustained 
micro-level engagement), but this may not translate into 
the behavior change of getting HIV tested (lack of macro 
level engagement). Conversely, another young person may 
use P3 only for a short period of time to track their PrEP 
doses (limited micro-level engagement) but continue to 
successfully adhere even after app discontinuation (sustained 
macro level engagement). 

Another way to characterize engagement within DHIs 
is by partitioning involvement into three sequential stages: 
(I) first visit downloading and access; (II) staying on long 
enough to use and process the information; and (III) 
revisiting over time (55). This approach may be useful 
in early studies evaluating initial DHI feasibility and 
acceptability, it is less useful for evaluating intervention 
efficacy and limits researchers’ ability to conceptualize how 
diverse users interact with the DHI (e.g., what are popular 
features?), to measure feature-specific engagement (e.g., 
what interactions are linked to behavior change?), and to 
define thresholds for intervention use (e.g., what is high 
vs. low engagement?). Given that at least some exposure 
to content is needed to initiate the process of behavior 
change, researchers should define a priori what their desired 
and intended level of engagement is, and, offer a rationale 
for their decisions. For example, within P3, a decision was 
made prior to trial initiation to classify usage based on 
receiving the financial incentive payout each user receives 
at intervention completion (e.g., >$90= high user). This 
correlates to using the app for at least two (of the three) 
months during the intervention period and was chosen to 
align with literature regarding how long it takes to form a 
habit (56).

Across the five iTech interventions described, multiple 
strategies are being used in combination in an attempt to 
ensure effective youth engagement in DHIs. This is in line 
with prior studies showing that more than one strategy may 
be needed for maximal effect; a systemic review showed 
that the combination of tailored communication, the use 
of reminders, and the use of incentives resulted in higher 
exposure to online interventions among adolescents and 
young adults (12). Nevertheless, significant challenges 
arise in evaluating the role these strategies have both on 
engagement itself as well as on the intervention outcomes 
researchers are attempting to address. By using the “kitchen 
sink” approach (e.g., applying multiple strategies to all 
users) it may prove challenging to parse which strategy 
worked (or did not work) for an individual user. Further, 

even though empirical evidence suggests that appeal to 
specific engagement strategies varies between people 
(57,58), as well as over time within a person (59,60), lack 
of attention has been paid to systematically tailoring 
engagement strategies to the changing state and context 
experienced by youth. For example, while the goal of a 
reward is to maximize motivation prior to receiving the 
reward, as well as happiness after receiving the reward, this 
is only relevant if the reward is something of value to the 
participant (61). While one user may be motivated to earn 
points to unlock content in YouTHrive, another may find 
the content irrelevant to their particular interests or life 
situation. One solution, as is being done in P3, is to provide 
a variety of rewards (e.g., unlocking narrative and video 
content and financial incentives) in the hopes that if one 
reward is not seen as valuable, another one will be.

Advances in wireless devices and mobile technologies 
offer novel opportunities for delivering Just-in-Time 
Adaptive Interventions (JITAI)—an intervention 
approach that operationalizes the real time selection and 
personalization of intervention strategies and should be 
employed in future mHealth studies to systematically 
investigate ways to promote sustained mHealth engagement 
among youth within HIV prevention and treatment 
interventions. Recognizing and responding to distinct 
user profiles based on their engagement patters through 
processes such as machine learning has the potential to 
further tailor interventions to individuals and is a future 
research area worthy of exploration.

Conclusions

The five iTech studies presented provide insight into 
potential strategies to enhance youth engagement in HIV 
prevention and care DHIs, as well as offering ways to 
conceptualize how best to measure their effectiveness. 
Ultimately, the evaluation of their success will require 
careful monitoring of micro and macro level engagement 
within their ongoing trials, understanding how the distinct 
strategies contributed to patterns in engagement over 
time, and their potential inclusion as effect modifiers in 
each trial’s effectiveness analysis plan. Beyond these five 
studies, however, we encourage researchers to monitor and 
document how they incorporate youth-focused engagement 
within their DHIs in order to create a robust evidence-base 
for future DHIs and reinforce the importance of including 
engagement metrics and strategies during their design and 
testing.
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