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Abstract

Background: Behavioral intervention technologies (BITs) offer scalable, cost-effective healthcare solutions but often
show reduced impacts in community settings and are rarely sustained. Human-centered design (HCD) enhances usability
by tailoring BITs to stakeholder needs, while implementation science (IS) identifies contextual barriers and strategies to
promote uptake and sustainability. Both HCD and IS aim to improve BIT usability and implementation through iterative,
user-focused processes but are rarely integrated.

Objective: We introduced the user-centered and sustainable implementation science (USIS) model, a novel and system-
atic framework that combines HCD and IS principles to enhance BIT effectiveness and sustainability. We aimed to (1)
synthesize the HCD and IS outcomes and integrate them into a USIS framework; (2) apply USIS to a case study: the sleep
shared-management intervention for children with juvenile idiopathic arthritis and their parents (SLEEPSMART).
Methods: We conducted a narrative literature review on HCD and IS outcomes for BITs from the PubMed, CINAHL,
and Web of Science databases. Articles were selected based on their focus on usability, implementation outcomes, and
evidence-based healthcare practices. This synthesis informed the development of the USIS model.

Results: The USIS model incorporates five domains: (1) user-centeredness (empathy, engagement, and equity), (2) effi-
ciency (cost, timeliness, and rapidity), (3) feasibility (learnability, memorability, error reduction, and low cognitive load),
(4) satisfaction (acceptability and appropriateness), and (5) fidelity (adoption, penetration, and sustainability). We applied
the USIS model to evaluate the SLEEPSMART project to demonstrate the application of the USIS model in guiding BIT
design and refinement. Insights from the review informed the design principles applied during the development and test-
ing stages of SLEEPSMART.

Conclusion: The USIS model serves as a practical and theoretical guide to improve BIT design and evaluation. By empha-
sizing implementation considerations early and centering user needs, USIS provides a pathway to bridge HCD and IS
approaches to enhance the real-world impact and sustainability of digital health innovations.
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Introduction

Behavioral intervention technologies (BITs) refer to
evidence-based behavioral and psychological interventions
delivered via various technology media, including smart-
phone applications, computer programs, virtual reality,
wearable technology, and electronic messaging.'* BITs
use behavioral principles like reinforcement, self-
regulation, and reward to improve accessibility, engage-
ment, and adherence to health interventions.>™ Despite
the growing use of BITs across health disciplines, many
interventions fail to achieve sustained use or impact in real-
world contexts. Usability issues, such as excessive cogni-
tive demands, lack of cultural or contextual alignment,
and low adaptability, often limit BITs from being widely
adopted and maintained in the long term.**!° These chal-
lenges contribute to a persistent research-practice gap in
the digital health field.

Human-centered design (HCD)

HCD is an increasingly recognized approach that can
address these implementation challenges early in the devel-
opment stage by incorporating the stakeholders’ needs and
learning styles and optimizing the design features. HCD is
an iterative and non-linear design process that makes the
services highly usable by centering users’ needs.'® The
HCD process includes five stages: (1) Empathize, also
referred to as user research, where designers and researchers
conduct comprehensive observation, communication, and
investigation with users on their needs, behaviors, and
habits. (2) Define, based on the information gathering in
the first stage, this is, where designers synthesize findings,
define users’ problems, and formulate the problem state-
ment. (3) Ideate, with a solid understanding of the users
and a clear problem statement. This phase generates cre-
ative solutions by thinking outside the box. (4) Prototype
is the transition from ideas into tangible actions tested on
real users. A prototype can be low fidelity (e.g., a sketch)
or high fidelity (e.g., a model). (5) Test, real users will try
the prototype and report their perceptions of what works
and what needs to change/improve to function better. The
testing results often inform the designers and researchers
whether they need to return to the first stage and undergo
several rounds of ideation before testing again. The
“trial-and-error” application is unique to HCD, with each
iteration resulting in a more usable, contextually appropri-
ate, and innovative solutions.'’'? One ultimate goal of
HCD is to achieve the usability of the solution. Usability
was initially defined only as “ease of use”'* and was modi-
fied to “usefulness, ease of learning, and satisfaction.”!*
Usability considers the extent to which the users can adopt
a product to reach their goals with effectiveness, efficiency,
and satisfaction.'>'® Emerging studies have paid more
attention to BITs’ design characteristics, which strongly

influence interventions’ adoption (i.e., the extent to which
an intervention is used by end users), implementation, and
sustainability in healthcare settings.'”*? For example, the
design problems that affect implementation success could
be too complicated to use (i.e., low learnability and memor-
ability), too challenging to understand and navigate (i.e.,
high cognitive burden and low flexibility), and not fit for
delivery context (i.e., not considering context factors).>**

Implementation science (IS)

Even though HCD can enhance content and functionality,
there is still a challenge in implementing BIT in real-world
situations in terms of adoption and sustainability. Thus, IS
can be a powerful tool to fill the gap. IS helps researchers
understand barriers (what hinders the implementation) and
facilitators (what supports the implementation) across mul-
tiple levels of context and determinants, develop strategies
that overcome obstacles, and enhance the uptake and sus-
tainability of innovations in real-world settings.**

How HCD and IS work together

HCD and IS contribute to enhancing BITs’ effectiveness
differently and complement each other. The models share
common goals to improve intervention usability and imple-
mentation by applying iterative and contextual design pro-
cesses, engaging stakeholders as design partner, involving a
multidisciplinary design team, and conducting iterative test-
ing and evaluation as early and frequently as possible.
Although both HCD and IS aim to improve the effective-
ness of interventions, they have traditionally operated as
distinct disciplines. HCD primarily considers usability by
ensuring BITs are tailored to user needs, with the rationale
that a well-designed and compelling innovation is much
more likely to be adopted and sustained.?*~*>?® In contrast,
IS focuses mainly on identifying barriers and facilitators to
promote BIT uptake and sustainability.?**%?” Integrating
HCD and IS in designing, developing, and evaluating
BITs offers complementary approaches to improving BIT
effectiveness by incorporating iterative, user-focused
design with evidence-based implementation strategies.
However, few models offer a concrete, unified approach
to guide such integration in the development and evaluation
of BITs.

Overview of research

To address this gap, we introduce the USIS (user-centered
and sustainable implementation science) model, a compre-
hensive framework that brings together HCD and IS princi-
ples to guide the full lifecycle of BITs. By synthesizing the
core outcomes of both domains, the USIS model provides a
comprehensive structure for improving the effectiveness,
adoption, and sustainability of BITs. To develop the model,
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we will (1) synthesize the existing HCD and IS outcomes
and integrate them into the USIS framework for guiding
BIT design, development, and testing. (2) Then, to demon-
strate the application of the USIS model we will utilize a
case study—SLEEPSMART, a sleep self-management
intervention developed for children with juvenile idiopathic
arthritis (JIA) and their parents. By applying the USIS
model to the SLEEPSMART project, we will show how it
systematically evaluates the intervention across its design,
development, and testing phases. It provides both a concep-
tual foundation and a practical roadmap for researchers and
developers creating BITs that are not only user-centered but
also sustainable and impactful in real-world health systems.

Methods

Search strategy

We conducted a narrative literature review based on the nar-
rative review methodology.”*>° The narrative review
approach was chosen for its flexibility, which allows for
synthesizing diverse theoretical frameworks and empirical
outcomes across interdisciplinary fields. Unlike systematic
review, which focuses on narrower defined questions, nar-
rative review is particularly suited for addressing broad
and exploratory research questions. In collaboration with
a social science librarian, we searched and reviewed the
existing literature from the PubMed, CINAHL, and Web
of Science databases centered on usability constructs and
implementation outcomes on BITs with date limits to peer-
reviewed English-language articles published between
January 2000 and January 2023. Article inclusion criteria
are as follows: (1) articles focused on behavioral interven-
tion technologies in healthcare settings; (2) studies that
reported usability and/or implementation outcomes; and
(3) interventions aligned with evidence-based health prac-
tices. We defined evidence-based practices as interventions,
services, and policies informed by the best available evi-
dence and designed to improve patient outcomes, care qual-
ity, and healthcare delivery efficiency. This rationale was
reflected by the inclusion of terms such as “Evidence-
Based Practice” [MeSH], “digital health,” and “interven-
tion.” These terms ensured that our review captured studies
focused on designing and implementing interventions
within healthcare settings that adhered to evidence-based
methodologies. Articles were excluded if they did not
include conceptualization of usability or if they described
implementation strategies to improve specific outcomes
on products outside the healthcare field. The search strategy
included combinations of terms such as ‘“usability,”
“human-centered design,” “implementation science,” and
“evidence-based practice” to capture studies focusing on
BITs in clinical contexts. The full search strategy with fil-
ters and limits for each database can be found in the
Supplemental Material.

Study selection

Two authors (SZ and YW) utilized two steps of data extrac-
tion. The first step was title and abstract review, and the
second step was full-text article review and selection. In
each step, two reviewers compared and discussed results
until a consensus was reached. The initial search resulted
in 128 articles after removing duplicates; 89 articles were
removed because they reported on behavioral interventions
in the context of health, and 39 articles were included for
full-text review. Of the 39 full-text articles, 15 articles
were removed because they lacked integration usability or
implementation concepts, and 24 full-text articles were
included for review. From the included studies, we
extracted key HCD and IS outcomes, documented shared
principles, and synthesized them into a unified conceptual
model—the USIS model. Since this narrative review only
summarizes existing research, it did not require an
Institutional Review Board (IRB), as no new data is being
collected from human subjects.

Case study application

To demonstrate the model’s practical application, we eval-
uated a digital sleep intervention—SLEEPSMART—using
the USIS framework. The SLEEPSMART project followed
a full HCD process (discovery, prototyping, usability test-
ing, and pilot), and data were mapped to USIS domains to
assess usability, feasibility, and implementation potential.
We used deductive coding to analyze feedback and design
decisions from each development stage. The coding schema
aligned with USIS model constructs and allowed us to track
how each outcome domain was addressed in real-world
intervention development. Figure 1 shows the development
and application workflow of the USIS model.

Results

HCD outcomes

HCD serves not only primary users (e.g., patients) but also
people who interact with the primary users (e.g. healthcare
providers and caregivers).?* Improving usability maximizes
the BIT’s design features and optimizes patient outcomes.
We found three dominant approaches to conceptualizing
usability in past research. Usability was initially conceptua-
lized as learnability, efficiency, memorability, error fre-
quency/severity, and satisfaction.>’ Later, more factors
were identified and added, including functional minimal-
ism, low cognitive load, requiring minimal training, exploit-
ation of the natural constraints, and clear feedback to
users.*>** In 2016, Lyon and his team redefined and broa-
dened the usability constructs specific to behavioral and
psychological science and offered a comprehensive guide-
line on designing and evaluating the BITs.'® The seven
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Development and Application Workflow
of the USIS Model

Identify HCD and IS outcomes
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Apply USIS model to SLEEPSMART project

Application

esign decisions to model domains
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}

Evaluation and Refinement
Assess model fit and comprehensiveness
Identify future empirical testing needs

Figure |. The user-centered and sustainable implementation science (USIS) model development and application workflow.

principles include (1) learnability: users should be able to
understand and utilize an intervention easily and quickly;
(2) efficiency: users should spend minimal time, cost, and
effort in using the intervention to solve their problems;
(3) memorability: refers how well the target users can
remember the intervention; (4) error reduction: users can
be prevented or allowed quick recovery from incorrect
clicks to reduce errors in a system; (5) satisfaction: the level
of positive feeling/experience after receiving an interven-
tion; (6) low cognitive load: the design only requires users’
minimal mental efforts to process the intervention; and (7)
exploit natural constraints: a successful intervention should
address the destination context’s static properties that limit
intervention use. The primary goal of applying HCD in BIT
is to improve BIT’s usability, which is theorized to be one
determinant of implementation outcomes and influence
BITs’ adoption and penetration.**>°

Implementation outcomes

Frameworks in IS can be categorized into three types: pro-
cess, determinant, and evaluation. The process
framework focuses on the steps of implementing an interven-
tion. This framework is most useful for planning and execu-
tion of implementation.**> Determinant framework focuses
on identifying barriers and facilitators that affect implementa-
tion outcomes. This framework is most useful for understand-
ing what factors contribute to the success or failure of the
implementation.*”*! Evaluation framework focuses on asses-
sing the effectiveness and impact of implementation. This
type of framework is most useful for measuring implementa-
tion outcomes.®”**+*

We briefly summarized the past work on the framework of
IS outcomes. In 2011, Proctor’s team was among the first to
develop a conceptual model of implementation research that
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Table I. HCD and IS outcomes integration.

Empathy (newly added)
Engagement (newly added)
Equity (newly added)

=} User-centeredness

Cost (IS) ]
Timeliness (newly added)
Rapidity (added)

=y Efficiency (HCD)

Learnability (HCD)

Memorability (HCD)

Error reduction (HCD)

Low cognitive load (HCD)
Exploit Natural Constraints (HCD

¢ Feasibility (IS)

Acceptability (IS)
]4— Satisfaction (HCD)
Appropriateness (IS)

Adoption (IS)
Penetration (IS)

We believe user-centeredness is the foundation of HCD and the
premise of IS success. We propose empathy, engagement, and
equity as three core components after synthesizing literature.

Time, efforts, and costs associated with the development and

implementation of the BIT.

These factors contribute to how well the intervention can be
carried out as designed.

These factors lead to users’ perception of acceptable, useful,

valuable, and helpful for their needs.

These factors are indicators of the extent to which the protocols
deliver core components of interventions as intended.

]4—» Fidelity (IS)
Sustainability (IS)

HCD: human-centered design; IS: implementation science.

encompasses three distinct but interrelated domains: imple-
mentation outcomes (acceptability, adoption, appropriateness,
costs, feasibility, fidelity, penetration, and sustainability), ser-
vice outcomes (efficiency, safety, effectiveness, equity, patient-
centeredness, and timeliness) and client outcomes (satisfaction,
function, and symptomatology).** Later, Proctor et al.** further
explored and defined eight outcomes for IS that have been
broadly adopted. In 2019, Hermes et al.* recharacterized the
implementation outcomes specific to BIT study use. Eight
BIT implementation outcomes were recharacterized to better
meet the unique aspects of BITs and include (1) acceptability:
how well the end users will receive it; (2) adoption: the extent to
which target users use an intervention; (3) appropriateness: how
well the intervention addresses problems; (4) feasibility: the
extent to which BITs can be successfully implemented within
a context; (5) fidelity: the extent of BITs being delivered as
intended; (6) implementation cost: cost associated with imple-
menting BITSs; (7) penetration: the degree to which an interven-
tion is integrated and used in a setting; and (8) sustainability: the
ability of an intervention to maintain its effects over a long time.
The recharacterized outcomes expanded our understanding of
factors related to successful implementation and enabled us
to identify the areas that require further development.

A conceptual evaluation model in BITs:
USIS model

Building on the evolved frameworks of usability and IS out-
comes, we introduce the USIS model-—a comprehensive
framework that integrates HCD and IS principles to guide

the development and evaluation of BITs. The USIS model
was created through a systematic analysis of existing
HCD and IS outcomes, highlighting their overlapping con-
cepts and shared goals. We incorporated additional compo-
nents to address gaps and enhance their relevance in
healthcare settings. By integrating HCD and IS outcomes
into a unified framework, the USIS model seeks to improve
the effectiveness, adoption, and sustainability of BITs
throughout the design, development, and testing processes.
The synthesis and categorization process is illustrated in
Table 1.

We expanded the USIS model to include practical appli-
cations in clinical settings. For example, user-centeredness
was applied in a behavioral intervention targeting medica-
tion adherence by integrating patient interviews during the
prototype phase to ensure relevance to diverse populations.
Efficiency (e.g., rapidity) was demonstrated through itera-
tive usability testing, which reduced the time required to
navigate the intervention. Similarly, fidelity (e.g., adoption
and sustainability) was monitored by tracking long-term
user engagement through digital logs and follow-up sur-
veys. The USIS model incorporates behavioral principles
to enhance intervention effectiveness. For example, habit
formation connects to the usability construct of learnability
by helping users incorporate the intervention into daily rou-
tines. Reinforcement supports engagement by providing
real-time feedback and rewards, while self-regulation
ensures the low cognitive load required for effective imple-
mentation. USIS conceptualizes constructs to reflect key
outcomes of BIT’s usability and implementation, addresses
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the missing piece of user-focused outcomes like equity,
accessibility, empathy, and engagement, and implementa-
tion outcomes such as timeliness and rapidity. Table 2
shows the proposed USIS constructs and definitions.

Domain 1. User-centeredness: emphasizes prioritizing
user needs throughout the design process, which is key to
HCD and IS success. We propose that empathy, user
engagement, and equity fall under this domain. (1)
Empathy is the most critical element in HCD as we under-
stand users by seeing the world through their eyes, listening
to their experiences, and setting aside preconceptions,
which ensures designs resonate with user needs and prefer-
ences.'>* (2) User engagement actively involves users in
the design process to align with their interests, motivations,
and goals. Engaged users contribute to better products,
enhanced communication, and sustained use.***” (3)
Equity allows the voices of minoritized or disadvantaged
communities to directly impact how the solution will
address the inequity by purposefully involving them
throughout the design process.*® The equitable design
acknowledges that equity doesn’t happen by chance, but
with intent and focus*® and it includes diverse and multidis-
ciplinary teams.*®* Users need to be diverse and represen-
tative of the target user. Carefully identifying representative
user needs can correct this bias and enhance product qual-
ity.® The content of the intervention needs to be context-
ually  appropriate  and  culturally  relevant.’*>?
Accessibility is for those with disabilities and low digital
health literacy. Design with accessibility enables addressing
barriers like digital literacy and resource limitations to
ensure uptake and adherence.’

Domain 2. Efficiency: reflects that users should spend
minimal time, cost, and effort using the intervention to
solve their problems. Rapid iteration and prototyping help
refine the intervention quickly based on feedback.
Timeliness ensures BITs are continually updated and
adapted to remain relevant and effective in
evolving context,>%>!->3

Domain 3. Feasibility is constructed with learnability,
memorability, error reduction, and low cognitive load.
Feasibility focuses on how easily users can learn, remem-
ber, and effectively use an intervention. User-friendly
designs with low complexity enhance learnability, reduce
errors, and minimize cognitive effort. These features
make BITs more practical and increase the likelihood of
adoption among diverse user groups.*>

Domain 4. Satisfaction refers to users perceiving it as
highly acceptable, helpful, and valuable for solving pro-
blems, including appropriateness (how well the intervention
fits users’ problems)*** and acceptability (how positively
the target population receives the intervention).**°

Domain 5. Fidelity refers to the extent to which the BITs
deliver core components of the interventions as intended.*’
It includes adoption (actual use of the intervention by
users), penetration (the extent of integration of intervention

within a context), and sustainability (maintaining long-term
practice and impact). These can be advanced via adherence
and enhancing intervention fidelity, which can be achieved
by developing intervention manuals or protocols and train-
ing interventionists.>*>¢

USIS model in the HCD process

When developing and evaluating the BITs guided by the
HCD approach, having a clear roadmap of the particular
outcomes that occur in each HCD stage is beneficial for
researchers and designers. We propose a USIS model by
locating specific USIS outcomes to each HCD stage to
maximize the potential of success in BITs’ implementation.
We believe the USIS model offers a pathway for improving
the design process by considering implementation earlier
while prioritizing users’ needs throughout the process.
Table 3 shows the USIS stage model in the context of
BITs design, development, and evaluation. (1)
Throughout the HCD process, as the foundation and core
element, user-centeredness composed of empathy, engage-
ment, and equity should be prioritized and embeded in each
operation. (2) In stages of ideating and prototype, usability
testing, and pilot testing, designers and researchers’ teams
should focus primarily on efficiency, including cost, timeli-
ness, and rapidity. The mantra, “fail early and often,” con-
veys the spirit of rapid prototyping and iteration, the
inexpensive exploration of novel ideas, and making ideas
tangible to test and improve quickly. Additionally, feasibil-
ity should be taken into account during these stages. When
generating new ideas, it is helpful to create a “low-fidelity”
version of a product to model the innovation. Low-fidelity
prototyping is a simple and quick way to translate design
ideas into testable artifacts, such as paper sketches. (3)
Users’ satisfaction is a vital indicator during the usability
and pilot testing stages. The designer and researcher team
take the opportunity to refine and adjust the BIT in response
to users’ perceptions of whether the products are acceptable,
useful, and enjoyable to use in terms of their content, com-
plexity level, delivery method, and credibility. (4) Fidelity
must be considered during the pilot testing and future test-
ing in community/clinical settings. Based on users’ feed-
back, further improvement and refinement of the
intervention may be needed.

Case study: The sleep intervention for
children and their parents

This case study is based on an internet-delivered
SLEEPSMART for children with JIA and their parents.>”-®

The SLEEPSMART project demonstrates the applica-
tion of the USIS model in designing and evaluating
a BIT. Insights from the narrative review informed the
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Table 2. USIS constructs and definition.

User centeredness: Focusing on the
users’ needs throughout the design
process is the foundation of HCD and
the premise of the success of IS.

Efficiency: Users spend minimal time,
cost, and effort in designing/using/
implementing the intervention to
solve problems.

Feasibility: The extent to which the
intervention can be done or carried
out as designed.

Satisfaction: The level of the
intervention fulfills the users’ needs.
Users perceive it as highly acceptable,
helpful, and valuable for solving

Empathy
Engagement

Equity

Cost
Timeliness
Rapidity

Learnability
Memorability
Error reduction
Low cognitive load

Acceptability
Appropriateness

Equity: the practice of purposefully

Conducting interviews
with minority
groups to adapt
intervention

involving minoritized or disadvantaged
communities throughout a design; it
acknowledges that equity happens
with intent and focus. It includes
teams (users and researchers),
content, and implementation.

- Team and content: (I) diverse and
inclusive users, multidisciplinary
researcher team; (2) contextually
appropriate and culturally relevant to
fit users and their context of the use

- Implementation: (1) accessibility for
those with disabilities and low digital
health literacy; (2) uptake: users who
are not computer savvy, do not trust
technology, or who are exposed
through informal social networks; (3)
adherence: intervention usability,
literacy burden, access to money, time
and coping skills; (4) effectiveness:
different groups of people, focus on
groups of people, and access.

Empathy: the efforts to understand the
users without judgment, including
their behavior and why, physical and
emotional needs, and what is
meaningful to them.

Engagement: users’ involvement in BIT
development to equip, enable, and
empower user-centered design
decisions

Cost: the cost related to user spending
and BIT implementation.

Rapidity: Rapid iteration and prototyping
are used to test and make
improvements quickly.

Timeliness: accounts for ongoing
iteration, evolving, and fast updates
over time.

Iterative testing to
reduce navigation
errors

Simplified user
interface for older
adults with low
digital literacy

Learnability: users can rapidly
understand and use BITs.

Memorability: users can remember and
successfully operate.

Error reduction: prevent or rapidly
recovery from errors.

Low cognitive load: users only need
minimal efforts to complete learning
and tasks with simplified functions.

Post-session surveys or
exit interviews to
measure user
satisfaction

Acceptability: how well the intervention
is being received by target
populations, and the extent to which
the intervention meets the needs of
the target populations.

(continued)
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Table 2. Continued.

problems, including appropriateness
and acceptability.

Fidelity: The extent to which the Adoption
protocols deliver core components of Penetration

Appropriateness: fit and relevance to
users’ issues.

Adoption: actual use (e.g., log-in
timestamps) of the BIT by users

Tracking user
engagement via app

interventions as intended. Sustainability Penetration: the extent of integration of analytics
BITs within a context.
Sustainability: The extent of BIT’s
practice and effect is maintained and
long-lasting.
USIS: user-centered and sustainable implementation science; HCD: human-centered design; IS: implementation science.
Table 3. USIS HCD stage model.
User centeredness  Empathy X X X X
Engagement
Equity
Efficiency Cost X X X
Timeliness
Rapidity
Feasibility Learnability X X X
Memorability
error reduction
low cognitive load
Satisfaction Acceptability X X
Appropriateness
Fidelity Adoption X

Penetration Sustainability

USIS: user-centered and sustainable implementation science; HCD: human-centered design.

design principles applied during the development and test-
ing stages of SLEEPSMART.

About SLEEPSMART. Sleep deficiency, which includes
insufficient sleep duration and poor sleep quality, is highly
comorbid in children with JIA. A multidisciplinary research
team developed and pilot-tested SLEEPSMART for chil-
dren with JIA and their parents.”” SLEEPSMART was
designed to improve a child’s sleep by modifying the
child/parent’s negative beliefs, increasing outcome expecta-
tions and self-efficacy, facilitating changes in the social and
physical environments, and encouraging child/parent acti-
vation. In the SLEEPSMART program, children partnered
with their parents. They learned through six interactive edu-
cational modules (voice-over slideshow), completed

quizzes and activities after each module, and were sup-
ported by a sleep coach throughout the program.

SLEEPSMART development with HCD. The evaluation
was based on the data collected during the SLEEPSMART
development process at each HCD stage.

Stage 1. Discover and define. The research team con-
ducted in-depth interviews with six parent-child dyads.
Designers and researchers partnered together and developed
an interview protocol. Data were collected from children
with JIA and their parents on their perceptions, needs, pre-
ferences, and daily behaviors regarding sleep habits, rou-
tines and perceptions, JIA management, mobile/web
habits, and information-seeking behaviors. All interview
questions were user-centered and aimed to identify the
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users’ true needs and preferences. Based on users’ feed-
back, designers identified and defined the users’ needs.
For content, users requested age-appropriate language
(fourth-grade reading level or above) with simple and suffi-
cient information and without overwhelming amounts of
text. For design features, users needed an interface with
engaging themes (users brought up space, animal, or sports
themes), easy to navigate, and interactive; users (especially
children) wanted to learn with fun interaction and rewards,
incorporating accessibility and functionality. Parents pro-
posed fonts should be easy to read for individuals with
dyslexia.

Stage 1. Ideate and prototype. In this stage, among many
approaches, participatory design (PD) is one of the methods
used to design collaboratively with users via a think-aloud
protocol. Participants verbally described what they are
doing while working through the product flow.> In the
SLEEPSMART project, four parents and child dyads
were invited to join the PD session. Thedesigners aimedto
apply the generative and evaluative techniques to better
understand: (1) what content types were most engaging
for and appealing for 9 to 11-year-old children (as well as
to their parents), (2) what theme/design was most engaging
for and appealing to 9 to 11-year-old children, (3) what
would help motivate 9 to 11-year-old children (with arthritis
and sleep issues) to go through a sequence of learning mod-
ules. The users and designers worked with each other to
brainstorm ideas about the intervention design and had
group discussions to generate and evaluate ideas.”” In add-
ition, low-cost and rapid iterative user personas and wire-
frames were used to model users’ behaviors before
usability testing. A persona is an approach to model and
synthesis by observing many people in a targeting market.®
Wireframe illustrates an interface’s space location and con-
tent layout.*” Based on users’ input, the design and contents
featured in SLEEPSMART include numerous aspects. For
designs, SLEEPSMART used many visuals, separated
text with images, used bright colors, enabled audio playing
to improve accessibility, used an empathetic tone, and
ensured multiple ways submit assignments. For content, a
balanced number of images, texts, and videos are incorpo-
rated; and information on arthritis and sleep is clear and
well-structured.

Stage I11. Usability testing and refinement. Two usability
testing sessions were conducted with two parent-child
dyads between June and August 2019. The goals of the
usability testing focused on (1) assessing the overall usabil-
ity of each of the three platforms that the user must navigate
in the learning module process (email, SLEEPSMART
website, and REDCap Site). REDCap is a secure, web-
based software platform designed to support data capture
and management was used for the data collection; (2) asses-
sing the overall usability of navigating between the three
platforms in the learning module process (email —
SLEEPSMART website — REDCap site); (3) assess task

comprehension of the first learning module; (4) determine
the level of ease in completing the core tasks required by
each platform in the learning module; and (5) identify
obstacles to completing essential tasks. The research and
design teams identified what worked well and identified
opportunities for improvement. They repeated the iterative
process, discussed potential solutions to the problems, and
revised the design for the intervention website, the content
of the email, and REDCap. Based on users’ feedback in this
stage, designers kept the brief text in the SLEEPSMART
website and included each step at the beginning of the web-
site. For example, in step 1, review the overview of the
weekly lesson; in step 2, listen to the slide show; in step
3, take a quiz; and in step 4, complete your weekly activities
and upload them to REDCap. For the design, designers used
bold/underlining to highlight the essential information in
the email, created sub-sections within each step, resized
the slideshow (or video) to fit the screen size, and added a
play button or arrow for the slideshow.

Stage IV. Pilot testing. From 2019 to 2021, to test the
feasibility, acceptability, and efficacy of SLEEPSMART,
children with JIA and their parents were recruited from a
large urban pediatric hospital. A list of names and addresses
of children who met the study eligibility criteria was
obtained from an electronic medical review by the clinical
research assistant (CRA). Potential subjects were mailed a
letter with the study website and the CRA’s contact infor-
mation. Interested participants were directed to the
SLEEPSMART study website, which described the study.
There were 63 dyads screened for this study, and 13 were
excluded (due to ineligibility), resulting in a final sample
of 50 dyads. Of the 50 dyads enrolled in the study, six
dropped out, 24 received access to the SLEEPSMART pro-
gram, and 20 received usual standard care. They were ran-
domized to either the SLEEPSMART group or the control
group. The SLEEPSMART intervention group received
interactive modules on (1) learning a wind-down and
wake-up routine, (2) reducing time in bed, (3) reducing
sleep-related worry, (4) negotiating sleep in the environ-
ment, (5) correcting unhelpful sleep-related beliefs, and
(6) sleep maintenance and relapse prevention. They also
interacted with a sleep coach to answer their questions
and adjust their goals. Participants in the control group
received standard rheumatology care, including medica-
tions, regular follow-ups with pediatric rheumatologists,
and, for some, physical therapy to maintain joint mobility
and strength. Data were collected on the feasibility and
acceptability of SLEEPSMART and outcomes in sleep
(e.g. sleep quality, total sleep time, and sleep efficiency)
and shared management (e.g. sleep attitudes and beliefs
and self-efficacy) via REDCap. After intervention comple-
tion, researchers conducted exit interviews with 12 parent-
child dyads to understand their perceptions of what they
liked and found wuseful/acceptable/helpful in the
SLEEPSMART intervention and identify the areas/gaps
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they did not like and needed to change for refinement. In
summary, based on users’ feedback, parent-child dyads
were most satisfied with five aspects: (1) learning modality,
the flexibility of self-paced online access learning; (2) inter-
vention content and structure, the content was informative
and reliable; (3) research team, research team was highly
responsive, informative and accessible; (4) empowered
children, children could assume responsibility and take con-
trol to improve their sleep; and (5) parent-child shared man-
agement, the intervention partnered parent and child
together toward the same goal. Dyads also reported their
suggestions for SLEEPSMART, which is reported in the
evaluation section.

Data analysis. All sessions were audiotaped after the fam-
ilies provided consent and assent. To review and evaluate
SLEEPSMART, we analyzed and coded the SLEEPSMART
development process data in deductive coding methods using
the USIS model. According to each USIS outcome, we coded
the SLEEPSMART design data under each HCD process as the
research questions, user feedback, and design decisions. For
example, for the user-centeredness outcome, under the discover
and define stage, we summarized the design/research questions
on parent-child dyads’ sleep, JIA, mobile/web behaviors,
dyads’ feedback to these questions, and the design decisions
around dyads’ input including content and design features.
The Supplemental Material shows the data collected in each
HCD stage during the SLEEPSMART development process.

Evaluation of SLEEPSMART by USIS

Guided by the USIS model, we identified the strengths and
areas for improvement for the SLEEPSMART project. The
strengths include (1) structured intervention design: a clear
and purposeful structure consisting of essential milestones
milestones with the right direction throughout the design
and development life cycle, ensuring the final high-quality
delivery (design and product), and solving the right prob-
lem. (2) Prioritization of user-centeredness: research ques-
tions were comprehensively exploratoryand closely tied to
identifying users’ needs, users’ feedback was fully tran-
scribed and documented, and each design decision was
based on users’ input and needs. (3) Application of various
HCD methods: the team used in-depth interviews to empa-
thize with users, applied participatory design methods
(stickies and big picture activity) to empower “co-design”
and users’ engagement, and adopted user persona and wire-
frame to model users’ behaviors in a low-cost and rapid
iterative way. They applied two usability testing sessions
as opportunities to improve the intervention’s learnability,
memorability, error reduction, and cognitive burden and
examine users’ satisfaction with the intervention.

The research team also pilot-tested the intervention to
assess the feasibility, acceptability, and preliminary efficacy
and identified areas for refinement. (4) Consistency across
design stages: design decisions were maintained and

consolidated across the HCD process. For example, design
decisions made in the discover and define stage were well
preserved and expanded in the ideate and prototype stage,
and the decision became more concrete in the test and refine
stage. We also found areas for further improvement. (1) The
participants were not diversely representative. All partici-
pants were White and had middle to high socioeconomic
status. Future studies should include participants from
diverse populations with various socioeconomic, cultural,
ethnic, and geographic backgrounds to reflect the equity
principle. (2) The current long video presentation module
could be restructured to improve learnability. The interven-
tional module video could be divided into smaller sections.
To account for the children’s physical symptoms and
age-appropriate short-time attention span, each learning
module needs to be shortened (e.g. < 7 minutes) and gami-
fied with more interactive features (e.g. learning through
play-based activity). The knowledge needs to be delivered
in a more storytelling way and develop an actual reward
system (e.g. children will receive physical awards after
completing each milestone). (3) The current approach
requires participants to navigate multiple platforms (e.g.
intervention website, REDCap for surveys, and a separate
link for the online sleep diary), increasing the likelihood
of operational errors. Consolidating these platforms into a
single and easy dashboard would simplifynavigation.
Participants would only need to go to this dashboard, check
out daily tasks, and track their progress with tools.
Participants will stay on track quickly and self-monitor their
completion status, potentially motivating them to follow
through with the intervention program. (4) Improving fidel-
ity (adoption, penetration, and sustainability) and the organ-
izational aspects: future BIT development should integrate
fidelity considerations during the early design stages to
enhance long-term implementation success. Several strat-
egies can support this goal®>*: (a) develop standard oper-
ating protocols (SOP) for the intervention; (b) provide
training sessions to research teams; (c) establish an imple-
mentation team to support the research team; (d) ensure
implementational problems are discussed regularly and
solved in a timely manner; and (5) build a system for mon-
itoring implementation.

Discussion

To date, little work has been done to directly integrate HCD
and IS in designing, developing, and evaluating BITs to
maximize their real-world success. To our knowledge,
this work is one of the first to propose a new conceptual
framework, the USIS model - that unifies HCD and IS out-
comes to support more usable, acceptable, and sustainable
BITs. Our review of this initial exploratory model develop-
ment study found that the HCD framework excels at guid-
ing user-centered design with limited mechanisms to
address long-term sustainability. IS framework identifies


https://journals.sagepub.com/doi/suppl/10.1177/20552076251348579

Zhai et al.

adoption barriers and contextual facilitators but may over-
look critical elements like usability or user engagement in
early-stage design. Our proposed USIS model addresses
the disconnection by linking and integrating the key out-
comes of HCD and IS, allowing researchers to consider
implementation research earlier in the BIT development
process and making implementation planning a part of the
design rather than a separate activity.

The five domains of the USIS model—user-centeredness,
efficiency, feasibility, satisfaction, and fidelity—form a plat-
form that links iterative design practices with implementation
outcomes. For example, user-centeredness and feasibility in
the early discovery and prototyping phases influence satisfac-
tion and fidelity during the pilot stage. This structured align-
ment allows researchers to design for long-term use, reducing
the need for costly redesign later. It also provides a shared
language for multidisciplinary teams, from designers and
clinicians to implementation scientists.

Applying the USIS model to the SLEEPSMART case
study demonstrated the utility of this framework in practice.
The model helped identify where user feedback aligned
with key outcomes (e.g. low cognitive load, equity, and
learnability) and where additional iteration was needed to
improve feasibility and long-term adoption. These findings
underscore the model’s value in academic research and
community-based or clinical innovation settings, where
intervention fidelity and usability directly impact outcomes.

Beyond the SLEEPSMART example, the USIS model can
serve as a planning and evaluation tool for a wide range of
BITs, particularly in health equity and digital inclusion initia-
tives. For instance, by embedding equity within the user-
centeredness domain, the model encourages intervention
teams to engage diverse users, reducing design biases that
often limit reach and adherence in underserved populations.

Future research is needed to empirically test the USIS
model in other health contexts. Quantitative studies could
examine the relationships between specific USIS domains
and intervention success metrics (e.g. adherence rates, long-
term use, and health outcomes). At the same time, qualitative
work may explore how teams operationalize these domains
during intervention development. In addition, evaluating
the model’s utility across different organizational and cultural
settings can further strengthen its generalizability.

Limitation

As a preliminary study, this work had limitations and left
unanswered questions for future exploration. First, we did
not systematically review all empirical research studies
that focused on HCD and implementation research, and
the sources we used were limited to those written in
English. Second, when analyzing the core elements of
usability and implementation research outcomes, we only
relied on the published work, which can be heterogeneous.
We conducted several peer discussions and debriefing

rounds to ensure the best interpretation. Third, this model
remains largely conceptual, and we need more empirical
evidence to test it. Finally, applying the USIS model can
be challenging for HCD and IS scientists to shoulder the
learning efforts of incorporating two disciplines into one
new research approach.

Conclusion

The USIS model offers an easy-to-follow roadmap for
designing, developing, and evaluating BITs. By embedding
implementation considerations early into the HCD process,
the USIS model creates a platform for multidisciplinary
teams to work together to address common barriers
to adoption, scale, and sustainability in BITs. In addition,
beyond healthcare, USIS can also be applied in academic,
clinical, organizational, and community settingsto improve
the efficiency and efficacy of developing new solutions.
From a policy perspective, the USIS model provides a
lens for policymakers to consider inclusive, equitable
digital health innovation and promote accessibility, usabil-
ity standards, and meaningful user involvement.

Future research is needed to test the USIS model empir-
ically across diverse populations, validate how USIS
impacts BIT outcomes, explore its performance in different
cultural and organizational contexts, and assess its effect-
iveness in guiding cross-sector collaboration among
designers, researchers, and implementers.

In summary, the USIS model bridges two historically
distinct disciplines—HCD and IS—offering a unified lan-
guage and framework for identifying multilevel barriers to
implementation, guiding and evaluating BITs, and contrib-
uting to the evolving field of digital behavioral health.
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