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Background and Significance

Asthma affects over 200 million people worldwide and uncon-
trolledcases typically lead to themostmorbidity.1Guidelines can
improve asthma symptom control and patient outcomes, al-
thoughtheiruseinpractice issuboptimal(e.g.,<40%documented
keycomponents).2–4To improvetheserates, approachesbasedon
clinical informatics such as guideline-adherent computerized
clinical decision support (CDS) tools have been attempted.5–8

These tools canprovide standardized, personalized, and compre-
hensive care to improve outcomes.9–11

Asthma CDS tools have not been readily adopted into prac-
tice, thus reducing their effectiveness due to lack of use.9,12–16

Reasons suggested for low uptake appear similar to general
issues with computerized CDS17–19 (e.g., poor workflow inte-
gration, negative end-user beliefs),20–22 but there has not been
an inventoryof facilitators andbarriers touse in the asthmaCDS
tool domain. Detailing this could improve the design process for
asthma-specific computerized CDS tools by highlighting rele-
vant aspects, centralizing knowledge about key features, and
identifying the most effective implementation strategies.23

Objectives

Through reviewing the literature, our objective was to iden-
tify facilitators, barriers, and strategies for designers and
researchers to employ to increase end-user adoption of
computerized asthma CDS.

Methods

We followed the PRISMA Extension for Scoping Reviews
(PRISM-ScR) framework24 and searched the PubMed,

Embase, Biological Sciences, and Web of Science databases
(see ►Supplementary Table S1 for search terms, available in
the online version). Using the search terms and reviewing
reference lists, three researchers (E.G., H.D., and M.K.R)
determined the final studies. We included quantitative and
qualitative asthma CDS-related peer-reviewed studies in
adult and pediatric populations with tool features included
in the HealthIT.gov definition of a computerized CDS: com-
puterized alerts and reminders to care providers and
patients, clinical guidelines, condition-specific order sets,
focused patient data reports and summaries, documentation
templates, diagnostic support, and contextually relevant
reference information.25 We excluded abstracts, nonelec-
tronic (i.e., paper-based), unavailable in English, or non-
outpatient (i.e., emergency room) studies. E.G. and I.R.
extracted content from the final articles, including year,
study design population, setting/duration, provider type,
tool/intervention, outcomes, facilitators, barriers, and sug-
gestions to increase end-user adoption. E.G. and H.D. devel-
oped initial themes through an inductive approach based on
repetitive or relevant content, which were refined by I.R. and
M.K.R. through consensus discussion.

Results

Out of 10,199 articles identified with the search terms, 35
articles were included (►Supplementary Fig. S1, available in
the online version). The article highlights are discussed below
with details in►Table 1 and►Supplementary Table S2 (avail-
able in theonlineversion). TwentyCDS systemswere integrated
with the electronic health record (EHR).10,12,26–43 All but three
studies were informed by guidelines,14,21,44 and 18 used the
National Institutes of Health National Asthma Education and
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Prevention Program (out of 20 studies from the United
States).10,22,28–31,33,35,36,38–41,45–50 Twenty-seven studies were
with general practitioners,9,10,12,14,26–29,31–43,45,46,49–52 four
included subspecialists,21,22,30,48 and four included
both.20,44,47,53 Common tool functionalities included determi-
nation of asthma control status, recommendation of medica-
tions, automatic note generation for EHR, and creation of an
asthma actionplan. After data extraction and consensus discus-
sion, we arrived at three main themes of asthma CDS tools: (1)
design, (2) content, and (3) implementation to frame our
reporting of perceived facilitators, barriers, and approaches.

Design
We considered design to include both the look and feel of the
tool including nonclinical functionalities (e.g., buttons or
alerts and technology), as well as the overarching design
process and the conceptualized CDS itself. Facilitators related
to design were asthma CDS tools perceived as efficient, i.e.,
saves time and improves workflow20,26,40,41 (e.g., automatic
note generation) and easy (i.e., not labor intensive, simple
interface).9,20,26,47 Readily accessible EHR tools at the point
of care were favored.12,14,20–22,35,37,38,51 Standardized asth-
ma guideline-based tools were seen as a facilitator to rou-
tinely capture relevant information22,26,35,40,52 and
educate.26,32,35

Barriers to adoption included technology limita-
tions,9,14,21,42,43,53 incompatible operating systems, inap-
propriate practice software, manual data entry, or extra
steps.9,12,14,20–22,26,28,29,32–36,38,39,46,49,52 Suboptimal
graphical user interfaces (e.g., placement of buttons, alerts)
also dampened enthusiasm.14,29,32,46,52 Additional barriers
were if the tool was too complex for a provider’s needs48 or if
inappropriate for the visit type or provider’s practice26,34,46

(i.e., alerts displayed in primary care clinics during non-
asthma-related visits or the provider was not responsible for
asthma management).12,26,31,34,52

Suggestions for improved design process included collab-
oration with end users, asthma experts, and stakeholders
early in the process and iterate upon their
feedback.9,21,26,31,33,36,39,42–44,48–50,53 Ideally, designs easily
integrated into the EHR and within provider work-
flow.30,46,47 A flexible approach for data capture was noted
to be preferable (e.g., templates vs. free-text options).26

Other design recommendations were to include reminder
or notifications to use the tools with tolerable
frequency.9,10,14,29,31,34,45

Content
We considered content to be the specific asthma or clinical-
related features of the tool. One facilitator of end-user
interest was if asthma CDS tool content was seen as valuable
(i.e., enhanced asthma care). Examples included
severity/control assessment, medication choice, and asthma
action plan assistance.9,26,47 Valued content also included
features that increased communication and patient engage-
ment, increased asthma medication adherence, enhanced
patient–provider relationships,10,40 and allowed more time
to focus on asthma care to engage in collaborative problem

solving, decisions, goal setting, and patient
education.10,12,20,22,26–40,46,53,54

Content-related barriers included lack of features to meet
provider needs.9,14,21,53 For example, some systems did not
contain all necessary data for useful decisions (e.g., relevant
asthma comorbidity data), while others were too rigid
without the ability to capture needed information for docu-
mentation purposes.9,26,30,45,48

Suggestions of content that would appeal to end users
were related to customizability because clinic needs
vary,31,52 so it was important to find commonalities of
asthma management “must-haves” and then scale
up.14,33,35–37,48 Including end users in the process was also
important for context to understand helpful features (e.g.,
auto-populated asthma action plans),21,37 ensuring the tools
captured relevant information (e.g., asthma-related cough
symptoms vs. general cough symptoms),30 and providing
meaningful asthma recommendations.10,26,30,45,48

Implementation
Implementation was the process to launch the tool into
clinical practice including, but not limited to, training,
reminders, and end-user attitudes and constraints. Facilita-
tors of asthma CDS implementation included adequate
training that relayed the tool’s value.14,20,22,26,28,32,47 Exam-
ples of successful approaches included 30-minute sessions
with explanatory slides and tutorial videos,32 training after
launch, experienced users training new users,35 and supple-
mental material (i.e., user guides).14,20,49 E-alerts and physi-
cal reminders (e.g., verbal) were seen as potentially
helpful.29,34 Important end-user characteristics were intrin-
sic motivation and favorable attitudes (toward learning new
concepts, e-health, asthma guidelines, and personalized
health care).20 Finally, systems may be used more for severe
baseline asthma or when patients are more
symptomatic.14,34

Themost common barrier to adoption related to implemen-
tation was time constraint (or fear of it),9,14,20,26,39,46,47,49,50,52

especially if toolswere labor-intensiveor lacking staff for proper
implementation.20,26,39 Other implementation barriers were
lack of end-user acceptance of asthma guidelines or belief in
e-tools (i.e., will not benefit care or hinder provider–patient
relationships),9,14,20,26,34,37,46,48,51 computer/technical skills,20

training,12financial incentive,20and intrinsicmotivation.20,33 In
addition, itwas important to identifyconcern fordata safetyand
integrity (e.g., patient data leaks),20 as well as institutional
cultural barriers (i.e., lack of funding allocation or improper
software/data infrastructure).39,49

Implementation suggestions to increase end-user adop-
tion of CDS tools included investment in training.26,31 Auto-
maticity may seem untrustworthy or nebulous to end
users,54,55 so including the reasoning behind decisions was
suggested to provide assurance.12,30,48 Extrinsic motivation
through financial incentives was mentioned but it may not
be scalable or sustainable.20,33 More strategic implementa-
tion may help, such as use for those with more severe
baseline asthma or who are more symptomatic.14,34 Consid-
ering cost-effectiveness and return on investment was also
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suggested.27,33,43,53,56,57 Postimplementation analysis of
tools, continual evaluation of end-user acceptability, and
iterative process improvement approaches were
important.9,14,20,26,30,32,35,37,42,45,48,51

Discussion

Our findings related to CDS facilitators and barriers in the
asthma domain aligned with those in other clinical domains.
Primary facilitators and barriers of asthma computerized
CDS tool uptake were related to our identified themes of
design, content, and implementation. Suggestions to address
barriers during development of asthma CDS tools included
collaboration with end users, seamless EHR integration,
adequate training and support, and ongoing iterative feed-
back.17 This overall user experience (UX) design approach
often seen in product development domains, but is less
familiar to academia.58–61 More common in academia is
the quality improvement (QI) approach (e.g., Plan-Do-
Study-Act) that tends to focus on the iteration after initial
launch.62 This is a framework that is employed here too,
although our research highlights the importance of focusing
on the development stages (i.e., planning) with iteration
prior to initial launch. Based on our findings, previous
literature, and other domains, we advocate for a routine
UX design-thinking approach to inform tailored EHR CDS
tools for asthma.63,64 User experience design is versatile and
works with existing CDS frameworks and guidance (e.g., the
CDS Five Rights, the guideline implementation with decision
support [GUIDES] checklist, etc.).16,18,65,66Another benefit of
a UX framework is a common language for developers and
vendors as outside entities continue to enter the CDS tool
market. The typical steps of the UX design are: empathize
(i.e., analyze), define, ideate, prototype, test, and imple-
ment,60,67–70 which we detail below in relation to asthma
CDS tool development and cite in relation to each article
(►Table 1).

Empathize
Empathy in the UX design is the ability to understand the
user holistically (e.g., problems, needs, wants, values, etc.) to
design the most useful products and services.60,70 The em-
pathizing process provides insight into enthusiastic and
hesitant users.71,72 Methods include usability testing, focus
groups, semi-structured interviews, and direct observation
within the clinic.60,73,74 While important for any CDS tool, it
is especially important for asthma CDS development to listen
to a variety of to end-users (e.g., different specialty, licensure,
or practice location) because many types of clinicians pro-
vide care in varied patient populations/settings, each with
their own workflows and needs.

Define
Information gathered from the “empathize” step is synthe-
sized into key problems to be solvedwithin the frameworkof
end-user needs.70,75 While the goal in asthma management
is to increase providers’ use of asthma guidelines with digital
solutions, this is approached from the end-users’ viewpoint

after understanding their needs and values. One specific
framework to also approach in defining the problems is
the jobs-to-be-done framework,76 which focuses on the
core processes and actions the end user wants and helps
clarify gaps in the process for which a product could improve.
In addition, in line with the previous step, for asthma
specifically, there may be different jobs to be done for the
different types of clinicians (e.g., generalist vs. specialist;
allergist vs. pulmonologist, etc.).

Ideate
Solutions are then generated for the previously defined
problems from an empathetic end-user perspective. In the
studies reviewed, barriers discovered were often rooted in a
disconnect between the tool and the end-user’s needs.
Asthma CDS tools were more successful when they solved
specific problems for the providers, such as support with
documentation that captured information key for asthma
management14,26,35–37,48 or auto-creation of asthma action
plans.14,33

Prototype
Prototyping is the development of smaller scale versions of
the product to test and iterate in an efficient (e.g., time and
money) manner to demonstrate improvement in the status
quo.67,77–80 Some studies incorporated this, but detailing the
creation of a low-fidelity prototype tested on multiple end
users did not appear routine in the asthma computerized
CDS domain.14,33,41,50

Test
Usability testing is an iterative process with sample users to
further clarify potential issues and improve functionali-
ty.69,77,81 This highlights the nonlinear nature of the user
design, as testing can lead back to the empathize and define
steps, similar to the QI domain.62 Variables to be tracked and
measured (i.e., actual tool use, time in EHR, and asthma
outcomes) can be determined at this stage.82 It may be
helpful to create a workflow for a smaller subgroup, perhaps
a self-selected groupwhomay havemore patience for “bugs”
or workflow problems and motivation to improve the tool,
and troubleshoot with them before expanding to the full
clinic.83

Implement
After testing phase iteration and optimization, the tool is
launched for end users in clinical practice.69 This step
includes messaging that resonates with end users and ade-
quate training, also recognized as an essential aspect of
asthma CDS study uptake.14,20,22,26,31,32 Once “live,” contin-
ual process improvements are performed based on chosen
measurements for further optimization.19,54,62,84 Imple-
mentation of CDS is especially challenging for chronic con-
ditions such as asthma, which requires detailed and ever-
changing care plans. Challenges also exist related to stan-
dardization versus customizability, which affects scalability
between different clinics within an institution because of
different needs. In addition, scalability across institutions
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can be limited because components of CDS are not easily
transferred across facilities evenwithin the same vendor and
rely on local resources for implementation, which is variable.
In addition, end users are limited by features within the EHR
vendors’ systems at their institutions.

A future direction of CDS for asthma tools, and presum-
ably other clinical domains, can be for EHR vendors to
provide more facile and versatile CDS tool building blocks
at a centralized level not only for general functionality but
also for disease-specific conditions (e.g., asthma control
classification and medication). Individual institutions can
more readily execute desires of the end user while avoiding
working in a resource-intense, siloed manner. This would
allow for easier scalability across institutions, balance be-
tween standardization and customizability, and knowledge
sharing.

Limitations of our work included a narrow focus on
computerized asthma CDS tools through mostly academic
studies not necessarily designed to explore barriers. The
main outcomes measured by researchers focused on tool
usage or patient outcomes and the design process was not
elaborated on by most studies, so more UX design
approachesmay have been employed in our analyzed studies
than we realized and the learning the researchers made
during their development cycle may not have been commu-
nicated. If not performed or reported, this appears consistent
with a practice gap in CDS tool development for asthma
management in the academic setting.59 We may also have
missed relevant studies with our search terms. In addition,
our work is qualitative experiential-based rather than
experimental.

Conclusion

Design processes that apply UX design and continuous
process improvement methodologies may contribute to suc-
cessful implementation of CDS frameworks to build usable
tools within the EHR for asthma and beyond.

Clinical Relevance Statement

This work proposes a novel application of UX design to
asthma CDS tool development. It is important to understand
ways to improve CDS use because while CDS tools have been
shown to improve adherence to asthma guidelines, their use
in practice is suboptimal and at risk of low impact simply due
to nonuse. This work can also likely be applied to other
clinical domains in addition to asthma.

Multiple Choice Questions

1. According to HealthIT.gov, which of the following are
components of computerized clinical decision support
systems?
a. Patient data reports
b. Note templates
c. Order sets

d. All of the above

Correct Answer: The correct answer is option d, all of
the above. According to the website https://www.
healthit.gov/topic/safety/clinical-decision-support,
clinical decision support (CDS) provides clinicians, staff,
patients, or other individuals with knowledge and
person-specific information, intelligently filtered or
presented at appropriate times, to enhance health and
health care. CDS encompasses a variety of tools to
enhance decision making in the clinical workflow.
These tools include computerized alerts and reminders
to care providers and patients; clinical guidelines;
condition-specific order sets; focused patient data
reports and summaries; documentation templates; di-
agnostic support, and contextually relevant reference
information, among other tools.

2. In user experience (UX) design, what process helps us
understand a user’s experience of a product?
a. Data visualization
b. Storyboarding
c. Journey mapping
d. Prototyping

Correct Answer: The correct answer is option c. In Ku and
Lupton’s study titled “Health Design Thinking: Creating
Products and Services for Better Health,” they note that
journey maps help us understand a user’s experience of a
product, service, or space over time. Journey maps typi-
cally represent a process. It is used to imagine a user’s
interaction with a device or service. It depicts multiple
layers of the user experience such as action and emotion.
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