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Abstract

Background: Personal clinical data, such aslaboratory test results, are increasingly being made available to patients via patient
portals. However, laboratory test results are presented in away that is difficult for patients to interpret and use. Furthermore, the
indications of |aboratory test results may vary among patients with different characteristics and from different medical contexts.
To date, little is known about how to design patient-centered technology to facilitate the interpretation of laboratory test results.

Objective:  The aim of this study is to explore design considerations for supporting patient-centered communication and
comprehension of laboratory test results, as well as discussions between patients and health care providers.

Methods: We conducted a user-centered, multicomponent design research consisting of user studies, an iterative prototype
design, and pilot user evaluations, to explore design concepts and considerations that are useful for supporting patients in not
only viewing but also interpreting and acting upon laboratory test results.

Results: The user study resultsinformed the iterative design of a system prototype, which had several interactive features: using
graphical representations and clear takeaway messages to convey the concerning nature of the results; enabling users to annotate
laboratory test reports; clarifying medical jargon using nontechnical verbiage and allowing users to interact with the medical
terms (eg, saving, favoriting, or sorting); and providing pertinent and reliable information to help patients comprehend test results
within their medical context. The results of a pilot user evaluation with 8 patients showed that the new patient-facing system was
perceived as useful in not only presenting laboratory test results to patients in a meaningful way but also facilitating in situ
patient-provider interactions.

Conclusions: Wedraw on our findingsto discuss design implicationsfor supporting patient-centered communication of laboratory
test results and how to make technology support informative, trustworthy, and empathetic.

(IMIR Hum Factors 2021;8(4):€26017) doi:10.2196/26017

KEYWORDS
clinical laboratory results; patient-centered care; patient portal; health communication

: type of medical record data, on the portals outside of theclinical
Introduction environment (eg, at home). It has been shown that providing
M otivation patients with access to such data can lead to better

patient-centered medical care [1,4-6] and enhanced
patient-provider relationships [7,8]. Despite these potential
benefits, the literature points out that merely providing access

Health care organizations are increasing direct access of patients
to their clinical data via patient portals [1-3]. For example,
patients can check their laboratory test results, an important
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to laboratory test results is insufficient to improve patient
engagement in their care because many patients are not able to
make sense of the data and, as such, their use of laboratory test
resultsis significantly limited [9-11].

Prior work has argued that the coreissue is not that patients do
not have the ability to understand test results but that the current
design of patient portalsinhibits effective result comprehension
[12]. That is, many portals only present test results to patients
in a table, which was originally formatted for clinician
interpretation [11,13,14]. Asaresult, lay individuals, especially
those with low health literacy and numeracy, have difficulty
identifying meaningful information from their laboratory test
results, such as how concerning the results are and what they
should do to cope with them [15]. It is therefore imperative to
ensure that patients not only have accessto their |aboratory test
results but are also able to understand and act upon them.

To achieve this goal, the key challenge to address when
communicating laboratory test results to patients is how to
optimize the way the results are presented [10] and provide
patients with the necessary information to comprehend each
result [12,16]. However, research on these aspects is limited.
Only afew studies have explored the perceptions of patientson
viewing laboratory test results via portals [12,17,18] and what
visual cues might be useful for aiding result comprehension
[19-22]. However, little is known about how to design
patient-centered technology support to promote the
interpretation of test results on the part of the patients and, in
turn, improve patient-provider communication [16].

Furthermore, individual patient characteristics (eg, age and sex)
and medical contexts (eg, health issues and chronic conditions)
are different from each other. Accordingly, the interpretation
of asimilar laboratory value may differ on the basis of the health
condition of apatient. For example, the standard reference range
of alaboratory test may not be applicable to older adults with
chronic conditions[10]. Prior work hasfound that people often
provided personal health information (eg, laboratory test results,
age, medical history, and lifestyle) when posting questions on
health forums to receive personalized recommendations from
their peers[23,24]. From this perspective, providing information
support tailored to the medical contexts of the patients could
be very useful for them to determine whether results are
worrisome and what might be appropriate for them to do.

In this study, we began our inquiry by asking the following
research questions: (1) How to design patient-facing interfaces
or toolsto improve comprehension of 1aboratory test resultsfor
lay patients with average health literacy? (2) What system
features are deemed useful (or not useful)? (3) What kinds of
concerns or barriers do patients have regarding such
patient-facing applications? To that end, we conducted a mixed
methods, user-centered research focused on designing and
evaluating an interactive prototype for communicating
laboratory test resultsin away that can support understanding
and informed decision-making for everyone from different
medical contexts and with different characteristics. More
specifically, through user studies, weidentified theinformation
and technology needs of the patients related to viewing and
interpreting laboratory test results. The user needs assessment

https://humanfactors.jmir.org/2021/4/€26017
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informed the design of the system prototype. Finaly, we
conducted a pilot user evaluation with 8 patients to obtain
feedback onindividual design features and informational support
in the system. Through this user-centered, multicomponent
design exploration, we make the following contributions to the
field of health informatics:

1. Design concepts for an interactive system to support
patient-centered communication and comprehension of
laboratory test results, as well as discussions between
patients and health care providers.

2. Design implications for informative, trustworthy, and
empathy-driven technology support in the context of
communicating health data to lay patients.

Related Work

Patient-Centered Communication of Laboratory Test
Results

The communication of clinical information, such as laboratory
test results, has historically taken place during face-to-face
clinical encounters. However, previous literature has pointed
out various drawbackswith regard to relying solely on in-person
discussions of clinical information. For instance, patients often
have difficulties contacting their physicians and, thus, are not
ableto receivetimely explanations of their laboratory test results
[25]. Even during clinical visits, various barriers may hinder
effective communication between patients and their physicians
and, consequently, the questions the pati ents have are sometimes
left unanswered [26-28].

Advancesin patient-facing technol ogies, such as patient portals,
enable patients to directly access laboratory test results and
other personal clinical data outside of the clinical environment.
The benefits of increasing the access of the patientsto their data
are numerous, such as enhancing patient-centered medical care
[6], improving patient engagement in decision-making [1,4,5],
and empowering patients to play an active role in their health
care management [29]. However, the use of patient portals to
review laboratory test results among patients remains limited
[30]. Thereason for thisis multifaceted. For instance, the current
interfaces of patient portals mostly present |aboratory test results
to patients in a tabular format, similar to the format seen by
clinicians, making it challenging for patients to make sense of
them [11,13,14]. Furthermore, patients with limited health
literacy and numeracy find it hard to understand complex health
concepts and make meaningful use of their laboratory test results
(eg, determining whether they should be concerned and take
action immediately) [11,31]. These challenges highlight the
importance of addressing the needs and preferences of the
patients when designing technology support for communicating
laboratory test results. As indicated by prior work, failing to
involve patients in the design process of patient-facing
applications might lead to issues with technology adoption and
usability [32]. To this end, our research takes a user-centered
approach to explore design concepts and considerations while
taking into account the informational and technological needs
of the patients.
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Technology for Supporting Comprehension of
Laboratory Test Results

Given the complex nature of clinical data, seminal research has
attempted to design health information technol ogiesto improve
people'suse of clinical data. Hong et al [14] designed a system
prototypeto support patients, families, and health care providers
in collaboratively reviewing radiology imaging data during
in-person clinical visits [14]. Similarly, Arnold et a [33]
developed a radiology patient portal interface to provide
explanations of medical termsin lay language to help patients
understand how to review radiology images. These studies have
demonstrated novel techniques for supporting patient-centered
communication of complex clinical data.

Despite the critical role of laboratory test resultsin diagnosing
and screening for diseases, it remains largely unexplored how
technology should be designed to support their comprehension
outside of clinical settings, when theinformational support that
usually takes place during in-person patient-provider
communication is absent. A notable exception is the study
conducted by Nystrom et al [16], who designed and evaluated
a new laboratory test result interface for patient portals,
consisting of visual ranges of laboratory valuesand nontechnical
descriptions of the tests. These features were deemed useful
because they accounted for the needs of the patients [16].
However, onelimitation of thisstudy isthat they did not address
how to help patients understand the connections between their
medical context and test results, and the necessary support and
actions after receiving these test results. Our study bridgesthis
important research gap.

Methods

This study consists of multiple components. user studies, an
iterative prototype design, and a pilot evaluation study. All
studies were approved by the Pace University Institutional
Review Board.

Table 1. Characteristics of the participants in the user evaluation study.

Zhang et a

User Studies and Prototype Design

To understand how to better support the interpretation of
laboratory test results on the part of the patients through novel
patient-facing technology (research question 1), we first
conducted a web-based survey with 203 participants and a set
of semistructured interviewswith 13 patientsin 2019. The user
studies focused on the confusion and faced challenges of the
patients pertaining to the interpretation of laboratory test results
and on theinformational and technological needs of the patients
for better comprehension of test results. All interviews were
audiotaped with the permission of the participants. Detailed
information about the methodology of the user studies was
reported in our previous publication [34].

The research team then used the results of the user studies to
inform the design of a software prototype supporting
patient-centered communication of laboratory test results. The
prototype was designed in an iterative manner—after creating
a design version, the researchers shared it with a small group
of interview participants (n=3) for quick feedback and design
improvements. This process lasted from January to June 2020.

User Evaluation

Following the prototype design, we conducted a pilot evaluation
study through which we obtained responses from patients
regarding individual design features and the information
presented in the prototype. This evaluation study helped us
answer research questions 2 and 3. We recruited 8 participants
who had recently used patient portals to review laboratory test
results. The demographic information is summarized in Table
1. All evaluation sessions were conducted remotely via Zoom
between July and August 2020. Each session lasted 60 to 90
minutes. The consent form and a short demographic
guestionnaire were sent to the participants before the scheduled
session. During each on, wefirst informed the participants
about the purpose of our study and confirmed their consent to
takepart init and be audio-recorded. A weblink to the prototype
was sent to them so that they could explorethe prototype system
during the study on.

Participant ID Sex Age (years) Frequency of reviewing laboratory test results® Hedlth Iiteracyb
P1 Male 26-49 2-5times 4
P2 Male 18-25 2-5times 3
P3 Male 50-64 Once 5
P4 Female 50-64 Did not remember 5
P5 Female 18-25 Once 4
P6 Female 26-49 2-5times 5
P7 Female 26-49 6-10 times 4
P8 Male 26-49 Once 3

#The number of times a participant used a patient portal to review their laboratory test results over the previous 6 months.
PHealth literacy was self-reported by the participants on ascale of 1to 5 (1 denoted low literacy and 5 denoted high literacy).

We started with a demonstration of the system prototype to
explain the features of the system and design rationale for each
feature, as well as how patients could leverage these features

https://humanfactors.jmir.org/2021/4/€26017
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During this process, they were asked to think aloud [35] by
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reporting their general perceptions of the system, anything that
confused or surprised them, or anything that did not fully meet
their expectations or needs. Sincethe goal of the evaluation was
to obtain feedback on system features, we asked the participants
to provide responses regarding whether each feature was useful
rather than the nuanced design details (eg, color scheme and
font size).

Once the system demonstration was completed, the researchers
conducted a follow-up semistructured interview with each
participant to further inquire about their experience and
perceptions of using the system prototype. In particular, we
sought to obtain user feedback regarding individual features,
visual design, presented information, and usefulness of the
system prototype. The session was concluded by administering
a System Usability Scale (SUS) questionnaire—a 10-item
attitude Likert scale for subjective assessments of system
usability [36]. The purpose of administering the SUS
guestionnairewas 2-fold: (1) to assessthe usability of the system
prototype and (2) to collect baseline data to measure
improvements for future prototype refinements. Each session
was audiotaped, including verbal comments and questionsfrom
the participants about the prototype.

Data Analysis

The audio recordings of the evaluations were transcribed
verbatim, and the transcripts were imported into NVivo (version
12; QSR International) for qualitative analysis. Two researchers
(ZZ and LK) followed an iterative, inductive coding method
[37] to analyze the transcripts and met regularly to discuss and
refine codes until no new codes emerged. In the second round
of analysis, coded datawere grouped under themes using affinity
diagrams[38]. Themesand subthemeswere discussed iteratively
among the researchers until a consensus was reached.

Results

In this section, wefirst present how the results of the user studies
informed the design of a prototype application supporting
patient-centered communication of laboratory test results. We
then report the findings of the evaluation study.

Prototype Design for Supporting the Comprehension
of Laboratory Test Results

Summary of the Results of User Studies

In this section, we briefly summarize the principal findings of
the user studies to contextualize our following descriptions of
how the user studies informed the system design. The detailed
results of the user studies were reported elsewhere [34].

Confusion in Reviewing Laboratory Test Results

We found that there were various sources of confusion for
patients regarding their test results. For example, the test report
used medical jargon excessively, which is not comprehensible
for lay individuals. In addition, patients were confused about
how to interpret their results. In particular, when abnormal
results were received, patients could not determine how serious
they were. Finally, patients found it challenging to make sense
of theresultsand their implicationsfor their overall health care,
especially when the explanations of the physicianswerelacking.

https://humanfactors.jmir.org/2021/4/€26017
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Information Needs

We found that patients needed different types of information
to address their confusion, including both general and
personalized information. More specifically, general information
needswererelated to the medical terminology, referencerange,
and diagnostic abilities of a specific test. In contrast, many
participants emphasized the importance of receiving
personalized information on the basis of their medical context.
First, they desired to understand the implications and causes of
such abnormal test results, as well as how serious they were
and if immediate action was needed. Second, there was a
demand for moreinformation about treatment options, including
medications and medical procedures available for treating the
medical conditions indicated by the abnormal results. Finally,
afew participants wished to be informed about what actionsto
take next.

Technology Needs

With respect to what kind of technology support could aid their
comprehension, patients emphasized that technologies should
be designed for patient interpretation. In particular, the system
should be user-friendly and accessible for marginalized groups
(eg, older adults) to minimize disparities in the use of health
technology [39]. Other approaches that were deemed useful
included (1) visualizing historical results, (2) using lay terms
to communicate the nature of the results, (3) including a health
encyclopedia to explain medical terms, and (4) leveraging
artificial intelligence to provide more personalized medical
information on the basis of the medical conditions of individual
patients.

Design Goals

Onthe basis of theresults of the user studies[34], we established
alist of design goals.

Facilitating Result Comprehension Using Graphical
Representations and Clear Takeaway M essages

Currently, patient portals present laboratory test results in 2
main ways. dichotomously (normal vs abnormal) or through
numerical values. Even though the standard reference range for
each test is usualy provided, patients till have difficulties
understanding the seriousness of their results and whether
differences between a test result and the standard reference
range are significant [10,34,40]. On the basis of the literature,
providing clear, plain language indications [19] and graphical
representations [22,41,42] makes laboratory test results easier
to review and interpret. For example, visual aids can be used
to illustrate whether a result is beyond a clinically worrisome
threshold. Our prototype design experimented with these cues.

Enabling Annotation of Test Reports

Patients often have a variety of questions about the different
aspects of laboratory test reports. We believe that it is critical
to enable patients to identify what section of the results they
wish to look into or discuss further with clinicians[14]. To that
end, we sought to provide annotation toolsto allow patientsto
highlight and annotate certain medical termsand content in the
application.
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Clarifying Medical Jargon Using Nontechnical Verbiage

Owing to gapsin the medical domain knowledge of laypersons,
the participants cited difficulties understanding medical jargon
asamajor barrier to the effective interpretation of test results.
Theliterature highlightstheimportance of using patient-friendly
language to facilitate headth information—seeking and
understanding, aswell asinformed decision-making, on the part
of the patients [43-45]. Therefore, in our design, we used
concise, nontechnical verbiage to describe and explain medical
concepts.

Providing Pertinent and Reliable Information Tailored to
the Medical Contexts of Individual Patients

When patients attempted to make sense of their results, they
often turned to the internet to seek further information [23].
However, information on the web is sometimes either too
general or misleading. For example, standard reference ranges
of laboratory tests are not applicable to some patients with
chronic conditions[10]. Our user studiesindicated that patients
wanted not only general information (eg, reference range and
medical terms) but also personalized information (eg, treatment
options, prognosis, and what to do or ask next) situated within
themedical context of the patient to make sense of the normality
and indications of the results. As such, our prototype was
designed to present reputable and rel evant information resources
to help patients make sense of their results [46].

Prototyping System Features

Procedure

We created a system prototype on the basis of our design goals.
Because many adult patients are very likely familiar with the
lipid profile (a group of laboratory blood tests on a patient to
identify various levels of fat substances. Specific tests include

https://humanfactors.jmir.org/2021/4/€26017
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total cholesterol, low-density cholesterol, and high-density
cholesterol)—a commonly performed laboratory test among
adultsfor many screening and diagnostic procedures—we chose
to base our prototype design on this laboratory test. We used
the Figma prototyping software (macOS version) to create the
design. With high-fidelity animations and page transitions, this
prototype enabled the user to explore how the application
functions and learn each feature in an interactive manner. An
HTML version of the prototype was generated for future use
(eg, sent to users for feedback). In the subsequent section, we
describe the main features of the prototype and how each one
supports the review of the test reports.

Result Presentation

We used graphical representations, meaningful plain language,
and takeaway messagesto construct anew presentation interface
for laboratory test results. As shown in Figure 1, gradients of 3
colors (red, yellow, and green) were used in conjunction with
words (eg, high, low, and optimal) and takeaway messages (eg,
your result isgood) to provide anintuitive view of the normality
of each test value. To further enhance the patients
understanding of the borderline valuesthat were slightly outside
of thenormal range, weincluded apair of red arrowsand aside
note (Doctorsare not concerned until here) on each result chart
toindicate at what point outside of the standard reference range
the results become clinically concerning [21]. We believe that
thesevisual aids and takeaway messages can hel p patients better
understand the nature of their results. For example, the sample
low-density cholesterol valueisbeyond theclinically concerning
point, whereas the out-of-range total cholesterol value is still
within the safe threshold. To further distinguish the urgencies,
the takeaway message for low-density cholesterol is in red,
whereas the total cholesterol takeaway messageisin yellow.
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Figure 1. New result presentation interface. HDL: high-density lipoprotein; LDL: low-density lipoprotein.

Results
Lipid Profile
LDL Cholesterol ‘Your result is not optimal 67 23/05/2020
ma/Dl
— .
{Low Optimal High )
More about this result o .
: Doctors are not concerned until here
HDL Cholesterol Your result is optimal 48 2o 022n20
mg/Dl
J— L . .
Low Optimal High )
More about this result .-;;?m ::!5-
" Doctors are not concerned until here
23/03/2021
Total Cholesterol Your result is not optimal 227 EHUREREY
mg/DI
— — -
" Low Optimal High;

More about this result

In addition, the user was provided with an option to learn more
about each laboratory test by clicking the More about this test
button, which directed the user to anew page containing a brief
definition, detailed explanations, and avisualization of historical
laboratory values (Figure 2A). The brief definition explained
what aspecific laboratory test wastesting. Users could also find

https://humanfactors.jmir.org/2021/4/€26017
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" Doctors are not concerned until here

more general information related to how to deal with abnormal
results (eg, What causes high cholesterol?). The visuaization
of historical |aboratory values presented the trend of test results
over a customizable time period (eg, 6 months or ayear). This
visualization could help identify the level of variation between
anew result and previous results.
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Figure2. (A) Generic information about alaboratory test. (B) Explanations of amedical term. LDL: low-density lipoprotein.
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The user can click on highlighted medical terms
to view more patient friendly explanations.

Medical Terms

Professional medical termsin the text were highlighted in blue
and made clickable for the patient to learn more (Figure 2A).
When alinked term was clicked, a short and concise definition
was displayed in a pop-up window (Figure 2B), where users
could choose to view more detailed, patient-friendly
explanations retrieved from MedlinePlus (a web-based health
information resource and service for patients provided by the
National Library of Medicine). The sources of these explanations
were noted.
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In addition, every medica term the patient clicked was
automatically saved to a separate page, called Medical Terms
(Figure 3A), for future use. The user could favorite, annotate
(eg, add a comment), or simply delete each saved term. All
comments and annotations could be stored on the interface for
later viewing by patients or clinicians (an indicator appeared if
comments had been added to a specific term section). Favorited
termswere awaysdisplayed at thetop, followed by other saved
terms. All terms added to this page could be easily searched or
sorted.
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Figure 3. (A) Medical Terms page. (B) Ask Questions page.
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Ask Questions

The Ask Questions section was designed to provide personalized
information support tailored to the demographics, medical
context, and laboratory test results of the patient. On the basis
of the user study results, we decided to include 3 commonly
asked questionsin the interface: “What does my result mean?”’
“Where can | get support?’ “Arethere any treatment options?’
(Figure 3B). Information related to these 3 questions could be
retrieved inreal time from reputable web sources, such ashedlth
care organizations (eg, Mayo Clinic), online health careforums
(eg, MedHelp), and medical literature databases (eg, PubMed).
The origina source of the presented information was also
provided, enabling patients to decide whether they wanted to
trust and use that information. In light of medica ethics [47],
users were advised that the information was for reference only
and that the application was not designed as a diagnostic tool.

Sincethe primary goal of this study wasto explore and eval uate
design concepts and considerations rather than implementing
afully functional system, we decided to hardcode information
on the basis of a hypothetical patient case. For example, we
conducted a search on MedHelp using hypothetical laboratory
values and patient age and sex and retrieved a post containing
similar information. We then added that post to the “What does
my result mean?’ section and provided a link to the original
post.
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Other Features

The application provided an annotation tool on al pages,
allowing patients to add comments and highlight texts. This
tool was expected to facilitate reading of and reflection on the
results and discussions between patients and physicians during
in-person clinical visits.

The application also provided a straightforward onboarding
process through which a patient could easily import their
laboratory test report from the patient portal of the hedlth care
provider. The medical information (eg, chronic conditions) and
characteristics (eg, age and sex) of the patient could also be
imported and then stored in the Profile page.

Pilot System Prototype Evaluation

In this section, we describe the pilot evaluation sessions with 8
patients and report their responsesto individual design features
and the information presented in the prototype.

Overall Perception

The participants uniformly acknowledged the significant
improvement of the prototype over the current patient portal
design and expressed excitement about using the new application
to review and interpret their results:

It looks extremely robust and | am basing that on my
comparisons of what | have now, which is nowhere
near, doesn’t come anywhere near this functionality.
Soit'savast improvement over what | have now. [P3]
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The average SUS score was 95 (out of 100), signifying that the
prototype was perceived asvery user-friendly. In the subsequent
section, we describe the detailed feedback on each of the main
features of the system.

Result Presentation

All participants had a positive response to the new presentation
interface of the test results. One primary improvement was the
use of visual cues in combination with takeaway messages to
intuitively communicate the nature of the results. As the
participants stated:

| think the colors are really helpful and that having
that indicator on the side correspond with the colors
saying, “ your whatever is good” and then you have
“low” or “high” corresponds with the color. It's all
very easy to read. | really like the whole package,
everything is very clean. [P7]

| really like the “ doctors are not concerned until
here’ thing, because sometimes my numbersarelow.
It's not extremely low, but it’s still low, and I’'m not
sureif | should be concerned or not. [P2]

The participants al so appreciated the ability to learn more about
each test:

You have the very obvious button to get more
information that you might need. | think for that use,
it's perfect for what you have on there. Not too much,
not too little. | think it's pretty good. [P8]

When asked about what aspects of the new result presentation
interface could be further improved, the feedback was mostly
focused on the wordings. For example, 2 participants mentioned
that some words in the takeaway messages (eg, not optimal)
could trigger unnecessary anxiety. They suggested that the
communication of abnormal laboratory test results to patients
should take their emotions into consideration:

You don't want to panic anyone. You don’'t want
anyone to read anything that they're going to
immediately haveto be on the phonewith their doctor,
right? [. . .] Maybe just keeping that in mind when
you have the results page set up. [. . .] Having some
sort of caveat that these blood results are just results
they're not diagnose. [ . . .] You need to be empathetic
when giving bad results. [P6]

Medical Terms

All participants agreed that automatically highlighting medical
terms in the text and providing detailed explanations with
patient-friendly language was very useful, and this convenience
of getting to know medical terms could improve the experience
of reviewing test resullts:

It's probably one of the most useful things. Because
when | am interpreting my personal lab results, 1'd
be back and forth going to a search engine to look
up and find out what it is. That would save me the
trouble of doing that if | could just click on it. [P3]

With regard to automatically saving every clicked or viewed
medical term to adedicated page (Medical Terms), wereceived
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diversefeedback. Most participants (n=6) stated that they found
it very useful for future use, but some concernswere raised. For
example, one participant mentioned that she might not be
interested in using and reviewing the Medical Terms page:

| do think it is useful but | don’t know if it’s totally
necessary like the Results section is. | could see me
not really using the Medical Terms section as much
as the Results or the Ask Questions section. [P7]

Another participant pointed out that users may not be awvare
that the clicked medical term was automatically saved to a new
page for future use. As such, they suggested redesigning this
user flow to increase awareness of this potentially useful feature.

Ask Questions

All participants considered the Ask Questions section one of
the most useful features because it provided pertinent
information tailored to the medical context of individual
patients:

I think it isactually potentially one of the coolest parts
of the whole thing for every different condition that
a person could have and for all the different things a
person could have on their chart. If it all comes up
with really good, concise information for that person
totakefurther, | could seethisbeing incredibly useful.
[P8]
When asked if including only 3 prescribed questions was
sufficient, the participants had positive responses:

| would say that those three questions cover what
would effectively be my general concern. [P1]

However, they also suggested adding “what to ask during a
clinical visit” to this page:

It might be cool to have a section or information about
what you should ask your doctor. [P7]

Even though we specified the sources of the provided
information, some participants (n=3) still had concernsregarding
information trustworthiness because each person has their own
trusted information sources. For example, the information
collected from well-known health organizations was deemed
more reliable than the information from peer-to-peer online
forums:

If you took me to a peer to peer forum, | wouldn't
trust it since they are not always the most reliable
thing and there’ sa lot of misinformation there. | think
if you would like to use such things, you might want
to always have a caveat with something like “ please
be aware of peer to peer responses’ You get my
point? [. . .] You should link more to credible
information sources, such as JAMA or Lancet. [P4]

Annotation

The perceived usefulness of the annotation tool varied among
the participants. Some (n=4) acknowledged that it was useful
to take notes for future use, remarking that:

I’mgoing to look for thethingsin herethat | feel like
arethe most important and | would definitely annotate
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those so that | can scroll quickly back through it if |
needed a refresher. [P1]

However, others (n=4) stated that they very likely would not
use thistool, as one participant explained:

Personally, | think its usefulness is marginal. |
probably wouldn't useit. I’ m probably going to come
here [the application] and I'm going to read what |
want to read and pick up what | want to pick up.
That’s not saying that someone else might not want
to highlight some things, maybe they would. [. . .] But
| doubt serioudly that personally | would use it. |
mean, it's kind of cool, but | don’t think I'd really
missit if it wasn't there. [P3]
Another participant echoed this statement and further explained
that shewasa" paper person,” so shewas not comfortable using
the digital annotation tool:

Personally, | don't really think that | would useit. |
would print this out and highlight stuff to show or
read when | see my doctor. [P2]

During follow-up discussions on how to make the annotation
tools more useful, half the participants (including one who
previously had a positive attitude in this regard) suggested
consolidating all the annotations in one page for easy reading,
management, and retrieval:

It would be really cool to have a section sort of like
the “ Medical Terms’ where you can save questions
toask your doctor. So you can just go to your doctor’s
office for the follow-up and pull up the app and ask
the questions right from the app. [P7]

Another participant shared a similar idea and expressed the
desire to be able to share all the notes and questions with his
primary physician before the clinical visit:

We all know that we only have 15 minutes with our
doctors, and they prefer we email them most of the
time now. If you could export the notes, and your
questions about what you saw hereinto one document,
and then get themto my doctor through a messenger,
that would be great. [P4]

General Feedback

Interestingly, the participants did not express any privacy
concerns about the use of their persona health information to
generate personalized information support:

Any realm of health care is so highly regulated. |
understand that there are breaches, but | don’t
personally have that concern. So | feel like if people
have already used patient portals then they're not
necessarily going to have those concernsand the ones
that are super concerned aren’t going to use any sort
of patient portal. [P1]

In fact, they stated that they understood why their personal
health data were needed, and they werewilling to provide more
information to receive tailored support.

Regarding the aspects of the application that could beimproved,
the participants provided some interesting suggestions. For
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exampl e, one participant raised that people with different levels
of health literacy may need different types of information and,
as such, the system should be designed to first assesstheir health
knowledge and then present information tailored to their literacy
level:

So, if I'mnew to the medical condition, it isgoing to
be different than if it's something that I’ ve had for a
while and | understand some of the medical
terminologies, right? So it may be useful to have a
variety of information sources and suggestions for
the user with different health literacy backgrounds.
You can have very basic things for a new patient but
for someone that has had the medical condition for
awhile, you are going to want maybe some academic
articleswith most recent research results or that kind
of thing. [Pg]
In addition, some partici pants recommended adding explanations
to the presented information to avoid potential confusion or
misunderstandings:

The one thing that you might want to have a little
caveat somewhere, [stating] that those ranges are
created based on what is normal for a certain
percentage of a population so if you're outside of
range doesn’'t necessarily mean that you will show
signs and symptoms. [. . .] You can have a little note
as to where these ranges come from so when people
look at their result and see high or low, where they
areon the spectrum, they are having an idea of where
those come from and if the normal ranges apply to
himor her. [P6]

Finally, it was deemed useful to provide both aweb and mobile
version of the system to expand its use scenarios, for example,
it iseasier to use mobile version during in-person clinical visits,
whereas many users preferred aweb-based version at home:

Having a mobile application with you while you're
at your doctor visit might help to more quickly review
the results and get your doctor on board. [P1]

Discussion

Principal Findings

In this study, we designed and evaluated an interactive system
prototype to support patientsin making sense of their [aboratory
test results. The system design was informed by user studies,
the details of which were reported elsewhere [34]. The system
prototype consisted of several novel, interactive features: (1)
using graphical representations and clear takeaway messages
to convey the nature of theresults, (2) enabling usersto annotate
laboratory test reports, (3) clarifying medical jargon using
nontechnical verbiage and allowing users to interact with the
medical terms (eg, saving, favoriting, or sorting), and (4)
providing pertinent and reliable information tailored to the
medical contexts of individual patients. Through a pilot user
evaluation, potential users uniformly acknowledged the
significant improvement of the system over current patient
portals in communicating laboratory test results to patients.
They noted that the new system could facilitate their

JMIR Hum Factors 2021 | vol. 8 | iss. 4 |[e26017 | p.13
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

interpretation of laboratory test results by promoting
self-education regarding different aspects of laboratory test
reports.

In addition, we identified two other use cases in which the new
system could play a significant role. One was helping patients
be better prepared for clinical consultations. Although it varies
by health care setting, thereis evidence suggesting that clinicians
are spending less time with each patient and are often unable
to fully address their questions [48]. Even more concerning is
that some clinicians frequently interrupt patients, making it
difficult for them to have their questions answered during
clinical encounters [49]. Our application can better prepare
patientsfor clinical consultations so that they can usetheir time
with physicians effectively. For example, both general and
personalized information provided in the application could help
the patient research different aspects of the laboratory report
and, in turn, contemplate and devise questions related to the
results before the consultation.

The other use case regarded facilitating patient-provider
discussions during clinical visits. For example, the application
allows patientsto annotate and document comments or questions
while viewing the results. These annotations can be used later
during clinical visits to facilitate patient-provider discussions.
Although not mentioned by the participants, we envision that
these annotation tools can also be used by patientsto take notes
during doctor visits. Patients can then use the notes to support
memory recall of the information discussed during the
consultation. Our futurework will iteratively design and evaluate
interactive features, such as annotation tools, that can further
enhancein situ review of laboratory test data with clinicians.

Design Implications

I nformative Technology Support

It is common to see patients feeling helpless when they receive
laboratory test results because current patient portals provide
limited support for them to assimilate the information and make
informed decisions. Our user studies highlighted theimportance
of providing additional information that patients could read
more about to begin conducting their own research [34]. For
example, even though 2.5 mU/L in the first trimester and 3.0
mU/L in the second and third trimesters are considered the
standard reference ranges for the thyroid-stimulating hormone
during pregnancy, it was pointed out that these cut-offs are too
low and may lead to overtreatment [50]. It might be useful to
provide this information to pregnant patients to raise their
awareness.

Furthermore, the participants appreciated the ability to receive
information tailored to their medical context so that they could
learn what the results meant, what they could do next, and where
to obtain support. A key example was individualizing the
standard reference range—given that atypical standard reference
range for laboratory test results is developed on the basis of a
large, healthy population, it may not be applicable to certain
populations, such as pregnant women, older adults, or people
with comorbidities[10]. Inthis case, it isuseful toindividualize
the frame of reference by alowing custom reference ranges.
Given that many known or unknown factors could affect what
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reference ranges might be desired for a patient, this may be
more appropriately done by their health care provider, in which
case they should be granted access to the system as well.

Promoting Trust

One major feature of our application is the provision of
additional information tailored to the medical context of the
patient. Despite its perceived usefulness, some participants
expressed concerns about the credibility and trustworthiness of
the information provided. In this prototype, we provided the
original source of theinformation to alleviate thisissue. In-depth
analyses of trusted information sources revealed that some
people preferred information provided by well-known health
care organizations, whereas a few others wished to read
scientific literature published by reputable medical journals.
From this perspective, it is necessary to tailor the delivery of
additional information to the individual differences of the
patients. One way to accomplish thisis by allowing patientsto
customize their trusted and preferred information sourceswithin
the application to individualizeinformation delivery. In addition,
it would be helpful to provide a mechanism for patients to rate
the usefulness and trustworthiness of each information source,
and the ratings can be used to create a curated list of reputable
information sources.

Future development of personalized support in this context is
expected to rely on advanced machine learning techniques,
which can take patient characteristics, medical contexts, and
laboratory values as inputs to find and retrieve relevant and
up-to-date medical evidence. The literature on the perceived
trustworthiness of machine learning and artificial intelligence
technol ogies has suggested presenting avariety of system-related
information to the usersto hel p them better understand how the
recommendations of the system are generated and then
determine whether it is appropriate to trust them [51]. For
example, Lee and See [52] suggested presenting system
reliability (eg, how reliable and accurate the systemiis) and logic
and reasoning (eg, how the system operates), aswell asthetypes
of information that the system leverages (or excludes) to
generate recommendations. In future work, aligning with these
suggestions, we will examine whether providing more
appropriate explanations for how the system generates medical
advice could be of any help in promoting acceptance on the part
of the patients and fostering trust in the application.
Empathy-Driven Design

In the medical field, the types of clinical data that should be
shared with patients and how the data should be communicated
have been the subject of debate among informatics researchers
[53]. Some clinicians are concerned about providing patients
with direct accessto clinical data, such aslaboratory test results,
before clinical consultations [54]. The primary reason is that
clinicians worry that patients, especialy those who receive
abnormal test results, are vulnerable to anxiety and frustration
when reviewing the results without the presence of clinicians
[12]. In contrast, patients are increasingly interested in having
direct access to their test results, regardless of their normality
[4,18]. The key, then, is how to communicate test results and
their potential implicationsto patientswhile accounting for their
emotional needs. Prior work has suggested that patient-facing
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applications that communicate sensitive information (eg,
abnormal laboratory test results) should be designed with
empathy. However, such needs have been largely unfulfilled
by current patient-facing systems, even though the
empathy-driven design has been gaining momentum for many
years[55].

In our prototype design, we took into account this design
consideration. For example, we followed suggestions by prior
work [21] to provide visual aidsto indicate at what point outside
of the standard range the results become clinically worrisome
with the aim of lowering patient distressif they receive slightly
out-of-range test values. We also provided a list of web-based
sourcesin the Ask Questions section, where patients could seek
and receive emotional support. Infuturework, wewill examine
additional features and strategies that can mitigate emotional
stress. For example, as one of the participants suggested, it
might be useful to add a simple caveat in plain language to
address the concerns of the users (eg, “this standard range is
only applicableto 80% of people, many factors, such aschronic
health conditions and characteristics, could impact what might
be the appropriate frame of reference for you”). We will also
work closely with communication specialists and medical
professionals to synthesize best practices and strategies for
communicating abnormal resultsto patients and then incorporate
them into the system refinement.

Conclusions and Limitations

In this paper, we described a multicomponent study focused on
thedesign of apatient-centered system prototypeto help patients
interpret highly professional laboratory test results. Through
user studies, we identified patient informational and
technological needs specific to this domain, which were then
used to inform aset of design considerations and concepts. After
iterative prototyping, an initial evaluation study was conducted
to obtain feedback from 8 patients, who uniformly had positive
responses and acknowledged the significant improvement over
existing patient portals in supporting comprehension of
laboratory test results on the part of the patients. Finally, on the
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basis of our findings, we discussed design implications for
communicating persona clinical data to lay individuals in a
more informative, trustworthy, and empathetic manner.

A few limitations of this study should be noted. First, we only
conducted an initial evaluation study with a small sample size
(n=8). However, they all had extensive experience with
laboratory tests and had reviewed laboratory test results via
patient portals. All of them acknowledged the significant
improvement of our application design over the current patient
portals. We will use the feedback received to refine the system
prototype. Second, in the pilot evaluation, our focuswas mainly
on the responses of the patientsto each design feature or concept
with respect to whether or not the design or system feature was
useful. As such, we primarily collected subjective assessment
data. We did not evaluate the knowledge gain of the patientsin
using our system or the extent to which the system could help
patients make sense of each result and inform their
decision-making and subsequent actions. These aspectswill be
assessed in future user evaluation sessions. Third, we used a
hypothetical scenario with only onetype of laboratory test (lipid
profile). Thislimitation could affect the generalizability of the
results of our study. Aswe continue to refine the prototype and
address its shortcomings, we plan to explore how these design
concepts and considerations play out in different medical
scenarios, as well as whether they are able to support the
interpretation of different types of laboratory tests and can be
used by different patient populations. Finally, because thiswas
a user-centered design exploration study to investigate design
considerations for supporting patient comprehension of
laboratory test results, we did not fully implement the system.
Thisisacommon practicein user-centered design research [56] .
For example, to prototype the feature of presenting relevant
information tailored to the context of the patient, we manually
searched information on the web based on the hypothetical
patient case, collectively determined which information source
to use, and then hardcoded the information into the application.
In future work, we will implement the system and integrate it
with existing patient portal s once the system design isfinalized.
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Abstract

Background: The forms of automation available to the oncology pharmacy range from compounding robotic solutions through
to combination workflow software, which can scale-up to cover the entire workflow from prescribing to administration. A solution
that offersentire workflow management for oncology is desirable because (in terms of cytotoxic delivery of aregimen to apatient)
the chain that starts with prescription and the assay of the patient’s laboratory results and ends with administration has multiple
potential safety gaps and choke points.

Objective: The aim of this study was to show how incremental change to a core compounding workflow software solution has
helped an organization meet goals of improved patient safety; increasing the number of oncology treatments; improving
documentation; and improving communication between oncologists, pharmacists, and nurses. We also aimed to illustrate how
using this technology flow beyond the pharmacy has extended medication safety to the patient’s bedside through the deployment
of aconnected solution for confirming and documenting right patient—right medication transactions.

Methods: A compounding workflow software solution wasintroduced for both preparation and documentation, with pharmacist
verification of the order, gravimetric checks, and step-by-step on-screen instructions displayed in the work areafor the technician.
The software supported the technician during compounding by proposing the required drug vial size, diluents, and consumables.
Out-of-tolerance concentrations were auto-alerted via an integrated gravimetric scale. A patient-medication label was created.
I ntegration was undertaken between a prescribing modul e and the compounding modul e to reduce the risk of transcription errors.
The deployment of wireless-connected handheld barcode scanners was then made to allow nurses to use the patient-medication
label on each compounded product and to scan patient identification bands to ensure right patient—right prescription.

Results: Despite an increase in compounding, with a growth of 12% per annum and no increase in pharmacy headcount, we
doubled our output to 14,000 medications per annum through the application of the compounding solution. The use of ahandheld
barcode scanning device for nurses reduced the time for medication administration from =6 minutes per item to 41 seconds, with
amean average saving of 5 minutes and 19 seconds per item. When cal cul ated against our throughput of 14,000 items per annum
(current production rate via pharmacy), this gives asaving of 3 hours and 24 minutes of nursing time per day, equivalent to 0.425
full-time nurses per annum.

Conclusions: The addition of prescribing, compounding, and administration software solutions to our oncology medication
chain hasincreased detection and decreased the risk of error at each stage of the process. The double-checks that the system has
built in by virtue of its own systems and through the flow of control of drugs and dosages from physician to pharmacist to nurse
alow it to integrate fully with our human systems of risk management.

(IMIR Hum Factors 2021;8(4):€29180) doi:10.2196/29180
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Introduction

Background

A systematic review of the literature from 2020 related to
automated compounding technology and workflow solutions
for the preparation of chemotherapy concluded that
“implementation of chemotherapy compounding automation
solutions may reduce compounding errors and reduce costs;
however, this is highly variable depending on the form of
automation” [1].

In terms of scaling up compounding, managing the entire
workflow for oncol ogy therapy management, from prescription

via compounding and through to administration, is the most
logical solution to the increasing demands that have been seen
in both oncology inpatients and outpatients and which will
continue to increase in the near future. In fact, one estimate
suggested that by 2040, globally, the number of patients
requiring at least first-line chemotherapy each year would have
increased from a 2018 baseline by 53% (ie, from 9.8 million to
15 million individuals) [2]. An entire workflow management
for cytotoxic prescription, production, and administration is
desirable because in terms of cytotoxic delivery of aregimen
to a patient the chain that starts with prescription and the assay
of the patient’s laboratory results and ends with administration
has multiple potential safety gaps and choke points (Figure 1).

Figurel. A semimanual intravenous oncology medication chain with safety gaps and productivity choke points. Adapted from Reece et al [3].
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The possible errors and safety flaws of the aforesaid
compounding processin the pharmacy begin with possibleerrors
of transcription at Step 2. Order entry software may have
dose-limiting features, which may reduce the risk of dose
transcription error, but which may miss area under the curve
(AUC) dosereductionsintheoriginal order. Without integration
into prescription  software  the risk of “simple”
lookalike-soundalike transcription errors aso exists. The
pressure for delivering multiple patient doses and the fact that
the pharmacist is often only present at key stagesfor technician
checks gives Step 3, the pre-emptive printing of abatch of order
labels, the potential for causing mix-ups of patient-product
labels with incorrect product labeling at Steps 7-10. Besides,
under this system the third pharmacist check at Step 11 is of
marginal valuein abatching process as used ampoul es, carriage
fluids, and labeled final patient products may be verified but
with no guarantee of accuracy nor correct patient-product
matching in any unwitnessed steps (highly likely to be Steps
8-10) Theissuing of alabel checked against the prescription at
Step 5 actually precedes the physical creation of products that

https://humanfactors.jmir.org/2021/4/€29180

to nurse

then have these labels applied. This does not follow a logical
failure mode effect analysis (FMEA) process [4], where steps
involving risk must take place before any final verification
checks and the issuing of alabel with aunique preparation and
patient identification (ID) number. The second pharmacist check
a Step 5 similarly precedes the actual creation of patient
products and is therefore, in terms of FMEA, redundant.

In terms of the above system’'s capacity for maintaining
consistent patient-product supply or responding to increased
demand there are also several choke points.

Transcription from an unintegrated computerized provider order
entry (CPOE) system into the pharmacy compounding system
(Step 2) requiresthework of 1 pharmacist and replaces clerical
work for more useful or appropriatetasks. Steps 3-5 aresimilarly
manual and are perhapsretained asthey give asense of security
that the process is under the control of well-qualified
pharmacists. Step 11 requires the physical presence of the
pharmacist in the compounding clean room, an area that is
geographically separate from the main pharmacy suite in our
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unit. With distractions from other ongoing tasks, both
supervisory and specidlist, it can be difficult to coordinate
between technicians and pharmacists to achieve rapid checks,
and this is a major choke point, because it not only slows
dispensing of completed patient products, but also causes
backlogs as other products cannot be compounded until
unchecked patient products are released. Step 12 can delay
release of patient products to the nursing unit, as in a
compounding system that is unintegrated with administration
thisisthelast point at which the compounding unit hasvisibility
over the medication; therefore, manual documentation must
take place before patient products can be transported for
administration. This is another clerical action that takes the
pharmacist away from higher-value tasks.

Variations of doses or dose adjustments close to the time of
therapy due to late-phase AUC adjustments based on the
patient’s laboratory results can also cause wastage or require
recompoundinginrigid systemsthat requirelonger loading and
Setting times.

Thereis of course arequirement for accuracy of compounding
beyond those relating to AUC alterations. Compounding errors
may be of magnitudes significant enough to cause direct patient
harm, and the problem persists despite advances in workflow
management and technological assistance in the compounding
space. A recent survey of both pharmacists and pharmacy
technicians found that 74% of all respondents were aware of at
least one compounding error in the past 12 months, including
those discovered in the pharmacy and after dispensing, with
incorrect dose or concentration being the most cited error (58%)
of al of those discovered [5].

A 2016 study of the implementation of an oncology
compounding workflow software solution showed the
gravimetric component of the solution catching 797 deviations
from acceptabl e tolerances (<4%) beforeinjection into thefinal
administration intravenous (1V) bag (11,874 preparations in
total). Catches at this stage of the workflow are significant, with
the possibility of reworking the dose, and the study noted that
no deviations were detected at the final weight verification step,
with the correct amount of drug accurately injected into thefinal
administration 1V bag [3].

The 2020 survey [5] also identified other errors beyond final
dosing/concentration, with incorrect base solution identified by
51% of respondents and incorrect reconstitution of a drug in
terms of volume or diluent stated by 36%. Furthermore, only
52% of respondents reported that “it is always easy to identify
with certainty which (and how many) drugs, diluents, and
volumes were used when verifying the preparation of each
Compounded Sterile Procedure” It is notable in this respect
that the 2016 study identified how a “no-software” FMEA
system detected only 1 wrong diluent event, whereas the
compounding workflow software solution when integrated into
anew FMEA system detected 52 such events. The FMEA risk
priority score (severity score x probability score x detectability
score) for “wrong fluid selected” in the 2016 study dropped
from 567 to 108 after the software application wasimplemented
[3], chiefly because of asignificant drop in therisk of detection
failure.

https://humanfactors.jmir.org/2021/4/€29180
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Thedifficulty of error detection during high-risk processes such
as compounding and administration of 1V chemotherapy is an
issue where technology can undoubtedly assist. The emerging
evidence related to medication administration at the bedside, a
part of the medication delivery chain where currently it has been
suggested that at least 38% of all medication errors occur [6],
is that introducing a final barcode scan-based check of “right
patient—right medication” using patient ID |abels and barcoded
medications that include the patient’s medical record number
and the “order string” pertaining to the patient’s particular
regimen and prescription may reduce the overal error rate by
as much as 3:1 [7,8]. Without the presence of “nonhuman”
confirmatory processes in place it has been suggested that the
detectability of administration error falls aslow as 2%, and that
of dispensing/compounding error versus prescription error falls
to 34% [6].

Human FMEA systems for compounding emphasize the
double-check of each stage of the process with pharmacist
oversight of technicians. It islikely, however, that pharmacists,
given their workload, the reduced numbers of qualified staff
available against a backdrop of increasing demand on health
care services, and the closed nature of the sterile compounding
unit, can only be present for “key stages’ of the compounding
process. For example, the key parts of the compounding (diluent,
medication vials, closed system transfer devices, final
administration IV bag, and recipe) may be shown to the
pharmacist as a “guarantee” of correct constituents for
compounding, but given that lookalike-soundalike errorsremain
prevalent in pharmacies (estimated at 25.9% of all errors) [9]
and that in hurried checks the “4-eyes’ process may only
reinforce error rather than avert it [10,11], this is far from
optimal. To this end, a compounding process that has other
monitoring processes outside of the assumed presence and
infalibility of a second human check is desirable. A
compounding workflow software solution that alows for
electronic verification and documentation of each preparation
from end-to-end with ideally image recognition and capture
that can document workarounds, such as “supermarket-style”
scanning of the same ampoule several times for multiple vial
usage, can give this level of real-world evidence. Equally,
rejected patient-medication scans at the bedside could assist us
in identifying a little more of the iceberg of this error, as
currently the other established methods are very much
retrospective because they are based on chart review [12] or
reliant on self-reporting, with all its attendant issues [13].

Auto-documentation of medication administration directly into
the patient’s record is certainly superior to manual completion
of the medication record, because such documentation is
commonly delayed or inaccurate as clinicians attend to emergent
situations or distractions [14]. Once clinicians return to their
documentation after a patient care event, such as medication
administration, they often transcribe from memory. Having a
secondary nonhuman confirmation of patient and medication
matching viabarcode scanning would be of huge value for audit
even in systems that are transitioning between electronic
prescribing and paper documentation of administration to be
able to compare scan-library data with manual chart entries.
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Gravimetric systems are an integral part of some compounding
workflow software solutions, and their main function has been
to ensure dosing is within tolerance. A large-scale European
study that ran over 4 years [15] showed how a gravimetric
system detected a 7.89% error rate (nearly 60,000 errors) for
compounded doses outside of tolerance in a total of 759,060
doses of antineoplastic drugs. Over 10% deviations were seen
in a mean of 2.25% (range 0.49%-5.04%) and over 20%
deviations were seen in amean of 0.71% (range 0.21%-1.27%)
of compounded medications.

Estonia faces the same pressures seen in other Organisation for
Economic Co-operation and Development (OECD) countries:
an increasing number of patients with cancer, an acute lack of
medical personnel, and increasing restrictions on budgets.

Before the implementation of a gravimetric compounding
workflow software solution in the pharmacy serving the
Oncology Department of the East Tallinn Central Hospital,
nurses prepared all cytotoxic medications on the oncology day
care unit. The processwas entirely unautomated and undertaken
under a biosafety hood using closed-system transfer devices.
The same nurses who prepared the medications also
administered them. The amount of time spent preparing
medications detracted from time spent on patient care and there
was no comprehensive documentation of the medication
regimen. The workload was becoming untenable by 2012 due
to increasing complexity of treatments and increasing numbers
of patients.

The organization therefore set itself 4 initial goals:

« Increase the number of oncology treatments.

« Improve patient safety.

«  Improve documentation.

- Improve communication between the oncologist, the
pharmacist, and the nurse.

Objectives

The overall objective was to show how incremental change to
acore compounding workflow software solution has helped the
organization meet the above goals, has released nursing time,
and has acted as a catalyst to extend medication safety beyond
the compounding of medications in the central pharmacy and
to the patient’sbedside, where afurther technology enhancement
has also improved efficiency, documentation, and confidence
in the closing of the medication chain with right patient—right
medication transactions being verified and documented.

Methods

Materials

The following materials were utilized for the solution
implemented: acompounding workflow software solution (BD
Cato); a prescribing workflow software solution (BD Cato
Prescribe); a closed-system transfer device (BD PhaSedl); a
barcode medication administration (BCMA) software suite (BD
Cato ReadyMed); ahandheld user interface on the bedside; and
aBCMA-enabled bedside handheld device (Zebra TC56 Mobile
Compuiter).

https://humanfactors.jmir.org/2021/4/€29180
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Study Design

The establishment of compounding, prescribing, and
administration software and solutions was incremental. Each
component was, however, essentially undertaken under
conditions of aceteris paribus pre—post study design except the
increasing volume of chemotherapy required and delivered, as
staffing, physica space, transportation methods, and
communication channels between the compounding unit and
nursing units remained unchanged. We undertook a qualitative
review of the changes made with staff and within our team
structure supported by a retrospective quantitative review of
compounding production capabilities over 8 years, and an
ex-ante and post-ante quantitative review of time required for
nurses to confirm patient ID and product match prior to
administration of compounded products with the introduction
of BCMA capabilities over a period of 4 weeks.

The process of selection of hardware and software for the move
from nurse-led to pharmacy-centered compounding was
undertaken in the light of the studies above. Thefinal selection
was a compounding workflow software solution, along with
the continuance of a CSTD and an existing Class A isolator
unit. The CSTD was known to nursing staff, so its continuance
of usewaslogical, as it would reduce workflow change.

Inthefirst build, aconfiguration for the compounding workflow
software sol ution to manage both preparation and documentation
was initiated. The suite had initial pharmacist verification of
the order, gravimetric checks, and on-screen instructions
displayed on the monitor inside thework areafor thetechnician.
The user interface requires minimal interactions during the
compounding process. The technician simply follows
step-by-step instructions. For example, theinterface will propose
alist of itemsthat includes drug, diluents, and the consumables
required to prepare the dose. Automatic dosage calculationsare
undertaken by the software according to the prescribed regimen.
The use of preset regimens was extended as much as possible
to increase standardization and reduce divergence from
workflow. Scanning of individual components ensures arecipe
match for all items including the final administration IV bag.
The system also carries hard stops for dosing out of tolerance
as per the recommendations of the studies above[6,15]. Besides,
the system only delivers a patient-medication label after all the
steps of compounding are successfully compl eted, which makes
it ideal for building into an FMEA process, as the steps
involving risk are all before the fina verification checks and
the issuing of the label with a unique preparation and patient
ID number, which reduces the risk of administering the
medication to the wrong patient. This was fundamental to our
later project to alow for right patient—right medication checks
at the bedside.

The software records all cancelled mixes, tolerance limit
breaches, incorrect item scans, and the resolutions of alerts by
the user. Each distinct group of events from first adert to
resolution is recorded. Date-time stamps are applied to all of
these aderts. Data are continuously collected from the
compounding logs and stored locally on an MS-SQL database
inside the hospital firewall. Documentation in the central
pharmacy of compounding statistics for each preparation is
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aggregated and assists with forecasting, and each preparation
is date-time stamped.

All pharmacy staff are aware of this ongoing collection and
analysis of near-miss events. This is important if we want to
get as close as possible to “normal behavior” with our data. As
with all observational and self-reporting studies, the Hawthorne
effect remainsavery real danger. The advantage with “ passive’
data collection, such as that gathered by the software, is that
users will not alter their behavior as they might during a
time-limited study. This philosophy of consent through thorough
understanding of the nature of data collection was|ater extended
to the nursing trial of handheld medication-patient barcode
scanning devices.

Integration between the CPOE system and the pharmacy
compounding software suite modul es was the next intervention
undertaken with the addition of the prescribing module, chiefly
to reduce the risk of transcription errors. A 2015 study [16]
described how near-miss transcription error (NMTE) reporting
rates varied between an institution’s formal reporting system
built on traditional lines of self-reporting of near-miss and
identified-incident reporting and an adapted NMTE reporting
mechanism utilizing an error queue within theinstitution’s order

Meren & Waterson

imaging software. The NMTE system described in the study
was similar to the video capture component of our compounding
solution but in fact did not have an integration between
prescription and compounding. However, it isauseful guideto
thenumber of NM TEsthat might be avoided through application
of asystem that eliminatesthe need for transcribing and removes
arisk element from the process. In this study the data collection
spanned 92 days during which time about 460,000 medication
orders were processed. In total, 1563 NMTEs were reported
using the transcription error queue imaging software (0.34%),
while only 12 errors were reported (detected) via the formal
reporting mechanism (0.003%).

The prescribing software also includes hard stops for dosing
and automation of calculations for AUC dosing. Physician
prescriptions are received electronically into the pharmacy for
verification, and if approved, for push communication to the
compounding unit. The modul e also gives accessfor prescribers
to computer-based standardized protocols, which reduce the
number of nonstandard regimens requiring creation, can make
for a faster regimen build, and automatically calculate doses
and creates preparation guidance. A typical regimen is shown
in Figure 2.

Figure 2. A patient-specific cycle from a regimen as presented to the prescriber, compounder, and nurse via prescription software (with English
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The compounding library itself was created by, and is updated
and confirmed by, the Pharmacy and Therapeutics Committee.
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A key update that requires regular review is any changesin the
specific gravity of core medications as this will impact on the
gravimetric check.

Meren & Waterson

The postimplementation workflow (Figures 2 and 3) had
changed substantially from the “classic” manual compounding
unit workflow described in Figure 1.

Figure 3. Extension of the patient-medication matching solution from prescribing to the compounding unit and to the bedside via ReadyMed.
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We collected data on throughput and set a key performance
indicator for reducing time of preparation as a response to
receiving no increased full-time employee (FTE) headcount and
the need to meet the unit needs, which were forecast to increase
at 10%-12% per annum. At the preimplementation stage, the
compounding team in the pharmagcy, using manual techniques,
was averaging =6 minutes per preparation. The time was
caculated as a mean average of the time taken from the
beginning to the end for the compounding of individua
1-ingredient products, with the below steps:

1. Pharmacist reviews and inputsinto the order entry software
(measurement starts).

2. Pharmacist prints order labels and matches labels with
prescription.

3. Second pharmacist checks labels versus order.

4. Technician takes labels and prepares dose: medication
selection, supplies and diluents, calculations.

5. Technician documentation.

6. Final pharmacist check of the product.

7. Pharmacist documentation of the product being ready for
dispatch to the nursing unit (measurement stopped).

No metrics for mixing by nurses before implementation were
available, as their role was split between preparation and
administration.

Wastage was addressed by taking advantage of reissuing options
in the software, and through the activation of an advisory within
the software that proposes the use of a drug via size that will
result in the least amount of waste for the prescribed dose to be
compounded. Analysis of each preparation’s data, and
aggregation of these data, assisted us in managing and
optimizing the inventory, monitoring drug wastage, and
measuring productivity.

The second stage of the project involved an extension into the
inpatient unit with the deployment of wireless-connected
handheld barcode scanners. This allowed us to take advantage
of the patient-medication label on each compounded product
viathe BCMA device (handheld at the bedside).
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The move to BCMA was seen as a desirable part of our build
for patient safety and efficiency, and the BCMA administration
system we envisaged was to feed directly from the prescription
module software and to obtain its products for administration
from an integrated pharmacy module.

The BCMA handheld interface was initially only available in
English but was intuitive enough for the launch; an Estonian
language product was available later in the project. The process
of scanning the patient for positive patient ID, and then scanning
the product to be administered triggers a matching of patient
and product information from the compounded product’s
barcodeto the patient’s D and to the prescription viathe BCMA
software and at the interface of the prescribing server. There
was and remains aregular process of engagement with nursing
leadership and clinical educatorsto introduce functional changes
to the workflow. Acceptance of the new process was good. The
new workflow (Figure 3) hasreplaced alarge amount of manual
activity by nursing staff and should help to reduce the risk of
medication errors by a substantial degree given the literature
findings above. The 2 nurse or “4-eyes’ check isnot acommon
practicein our facility and is not mandated in Estonia. Prior to
the software implementation, the physician printed, verified,
and signed the therapy plan, and handed it over to the nurse
who matched the paperwork with the product and then with the
patient. The process was laborious and charts and order sheets
were at risk of being mislaid and were commonly not readily
at hand to be aligned and checked against each other.

For audit purposes the processing time of each patient
administration can be calculated from date-time stamps on the
handheld device, but before implementation data had to be
gathered manually. Before and after the implementation of the
ReadyMed solution, staffing remained unchanged with an
average of 3.5 nurseson unit duty, 3 pharmacy technicians, and
2 pharmacists. Theinpatient unit remained at an 8-bed capacity.
Walking time between the nursing workstation, where initial
checks of the received compounded productsis performed, and
the patient rooms was unchanged at 10.8 minutes per day of
“travel time.” By this point the pharmacy compounding unit
was producing =14,000 cytotoxic products per annum.
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The preimplementation observation was undertaken with consent
from nursing staff on a daily basis, as personnel changed on
each shift. It was made clear that persona performance would
not be identifiable in quantitative results, although data would
be continuously collected by the devices. A short timeframe (4
weeks) wasdeliberately applied for the BCMA ex- and post-ante
review to reduce the risk of data distortion arising from
increased throughput of patients and the rising number of
products compounded and dispensed for administration. This
period was long enough to ensure “ capture” of al nursing staff
during both introduction and training periods. The study type
was a pre—post design in that al other factors were ceteris
paribus including the staff involved (all nursing staff used the
handheld scanner and had used the traditional paper-based
method extensively, and all had equal amounts of training and
exposure to the new system).

The mean batch of medications to be given by each nurse per
shift, mean averaged over the working year both before and
after the handheld scanner implementation, was 15 items (SD
2.7). Quantitative measurements of time taken to process
medicationsin each system were therefore based on an average
of total time per 15-item groupings rather than time per
single-item measurement to reduce the risk of bias from one-off
measurements or from possible clusters of “simple” regimens
and single items, or of additionally complex regimens.

Study Procedure

The datawere patient anonymized, and no personal information
itemssuch asclinician 1D, hospital number, gender, name, date
of birth, diagnosis, or other identifiable material were recorded
for analysis.

BD Clinica Management and Global Customer Service were
engaged to optimize the solution and BD Medical Affairswere
requested to undertake adeeper anaysis of the data. The medical
affairs department of BD operates as a distinct arm outside of
the commercial operations of the company.

Inclusion Criteria

All cytotoxic infusions compounded from within the oncology
formulary (and therefore identifiable in terms of medication
name, dose, and duration as per cycle usage over the period)
were included in the study. These included weight-based and
non-weight—based infusions and body surface area—based
infusions.

Table 1. Nursing time saved per day.

Meren & Waterson

Exclusion Criteria

Infusions that did not require compounding such as flush bags
and preregimen, premixed hydration infusions that do not pass
through the compounding unit were excluded from the study.

Results

Our forecasts for growth in both patient throughput and the
requirement for compounded oncology medications were
reasonably accurate. | n fact, growth has been 12% overall, with
more than 16,000 patient visits per year (outpatient, daily clinic,
and inpatient short stay). Compounding production has met this
increase without an increase in FTE headcount (Multimedia
Appendix 1).

Despite this increased load and unchanged FTE staffing, there
was an overal reduction in compounding time of 35% using
the same start and endpoints applied in our measurement of
preimplementati on checks and compounding times (from “ order
enters system” through to “product available for delivery to
nursing unit’). We believe there are savings in improved
management of remnants, but quantifying thiswould be difficult
without a full accounting of pre- and post-implementation
ampoule usage per comparable volumes of prescriptions
compounded. We do not currently have these data available.

The project using the ReadyMed handheld barcode scanning
solution showed substantial nurse time savings within a
relatively short period. Within 2 weeks a mean average time of
41 seconds (0.697 minutes) was required for each
product—patient matching and verification of the order by the
system. When cal culated against our throughput of 14,000 items
per annum, we saw considerable nurse-time savings, as shown
in Tables 1 and 2.

For the qualitative component of the BCMA study weidentified
the following categorizations of statements with an incidence
of above 80% (8/9, 89%) in responses after 2 weeks of use of
the handheld scanning devices (Textbox 1). The overall
satisfaction was measured by means of a numerical scale.
Categorization by statements with responses with an incidence
of greater than 80% (8/9, 89%) was undertaken. Given the small
sample size, this is as much complexity for analysis as could
be achieved. The nursing workforce is very small.

Statistics Time for each daily batch (minutes per nurse) Number of medications (each processed daily batch per nurse; N=321)
Mean (SD) 10.476 (10.666) 15.286 (7.191)
Median 7 14
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Table 2. Sensitivity analysis on Q1 and Q3 and range for 14,000 compounded medications scenarios.

Parameter  Verification speed Timesaving peritem  prga gain per 14,000 items PAP assuming Nursing time saved per day (hours
(minutes per item) (minutes) 225 days of work PA per FTE and minutes per 14,000 items)

Mean 0.697 5.303 0.425 3 hours and 24 minutes

Min 0.222 5778 0.46 3 hours and 41 minutes

Max 1.875 4.125 0.33 2 hours and 38 minutes

Q1 0.316 5.684 0.45 3 hours and 38 minutes

Q3 1.000 5.000 0.40 2 hours and 11 minutes

3FTE: full-time employee.
bpa: per annum.

Textbox 1. Grouping and statement categorization with incidence of greater than 80% (8/9, 89%) in responses (N=9).

Perception of safety/confidence

o “Easier toidentify patient”

«  “Chance of medical error wasless’

«  “Device prompts user to identify the patient”

«  “Notification if you try to administer the wrong drug”
Usahility
. “Easier tofollow the drug chart”

o  “Savestimefor documentation”

Documentation

«  “Local language would increase the use”

«  “With one scan it marked who administered, which drug, and at what time”

Discussion

In classic FMEA planning [4], for any high-risk activity, and
particularly for those with a high risk of “low-chance or
no-chance” of detection of error, the activity is broken down
into a number of steps, each of which can mitigate, correct, or
annul any error in the previous steps. The addition of
prescribe—-compound—administration software solutions to our
oncology medication chain has increased detection, and
decreased therisk, of error at each stage of the medication chain.
What is significant in the process that we describe is that this
took aconsiderable period (over 8 years) to reach itsend points.

We could see that the issues of clerical tasks most heavily
impacted the compounding unit, and given the limited budget,
our 4 goals to increase production and patient safety were the
most pressing demands. We focused initially on the workflow
described in Figure 1. The benefits for productivity were
significant with the choke points at Steps 7, 10, and 12 being
removed. Inthisinterim period, Steps 3 and 4 moved to the end
of the process where they could be of real value in the FMEA
approach, and Steps 8 and 9 were made safer by implementing
gravimetric checks and hard stops, aswell as guidance fromthe
“recipe” screen. Our outcomes matched those of the study by
Reece et a [3] in terms of no deviations being detected in the
final weight verification step, a “good catch” rate of less than
4% for out-of-tolerance compounded medications before their

https://humanfactors.jmir.org/2021/4/€29180

injection into the final administration IV bag, and injection of
the correct amount of drug accurately into the final
administration 1V bag in al compounded fina products, as
verified by the software's documentation of the processthrough
video capture and recording of gravimetric data.

However, at this stage it was not possible to avoid the
transcription risksin Step 2. For a considerabl e period the final
pharmacist's check therefore had to focus on the paper
prescription for validation of the final compounded product to
reduce the risk of checking against an invalid transcription,
though this was supported by the documentation of the
compounding process through video captures and process
recording.

As noted previously, it had been hard to coordinate between
technicians and pharmacists to undertake key point checks.
With the new system, however, technicians did not need to wait
for the pharmacist’s physical availability for checks, as these
can be made via the process recording. This allowed for faster
release of products from the clean room and the release of this
choke point on throughpui.

We could see from our road map that investment in the
prescribing modulewould achieveimproved patient safety given
thefindings of the NMTE study of 2015 [16] and it would again
reducethe clerical load significantly. Step 2 of Reece et a’s[3]
semimanual oncology medication compounding chain and the
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risk of NMTE were essentially eliminated with the addition of
the prescribing to compounding modules. The elimination of
the CPOE to pharmacy system transcription requirement also
ended the requirement for the physical presence of the
pharmacist in the compounding clean room, as orders now feed
directly from the CPOE to the “recipe” screens.

Manual documentation was also eliminated at this point, but
printing of the regimen was still required as the administration
roadblock remained. The system, as an interim measure, still
enabled us to print patient-medication orders and match
attendant medication labeling against patients' case notes, and
for itsidentification against patient 1Ds; however, as productivity
and demand for compounded products had increased
significantly (Multimedia Appendix 1), it was clear to us that
administration also needed to move from a paper to electronic
form to be in harmony with prescribing and compounding.

We recognize the limitations of the approaches we have
undertaken. One key issue was the protracted length of time
that the total study took place over, with ongoing changes to
regimens and addition and del etion of medications, and thelack
of preautomation data that were available to us for comparing
and contrasting. Most of the key elements including staffing
numbers, the physical environment, and the supply chain have
essentially remained unchanged over this period, which has
allowed us to accept the assumption that the changes in
performance have been related to the introduction of the 3
solutions. Thiswould not necessarily be the case in most units
or facilities with fluctuating headcounts, physical unit changes,
and changesin supply processes. This said, while the length of
time over which the compounding solution was reviewed should
reduce the risk of bias, asit is distinctly long-run data (please
note the small drop-off in production in 2020 due to the
COVID-19 emergency), there is a risk that the benefits of
BCMA which we saw are not reflected on such a significant
scalein larger units or in specialist patient subpopul ations.

There are very few oncology units in Europe or globally that
have a similar experience to usin the area of BCMA handheld

Meren & Waterson

devicesfor IV medication administration. It would be anatural
progression of this study to a multicenter compounding study,
including units with larger headcounts, and in environments
with different medication delivery servicesto the oncology unit.

On a national level the project and its outcomes have been
significant. The ability to see apatient’s treatment history with
asingleclick fitswell with Estonia s vision of digital hospitals
with entirely paper-free documentation. We are now
documenting any side effects through the prescribing software,
and we are expanding on features such as doctors and
pharmacists being able to | eave specific administration cautions
or notes for nurses to be picked up at the patient ID and
medication 1D stage of administration. The next stage of the
project should be to extend it across a larger hospital campus
system and networking the main hospital with our partner
hospitals. This expansion in the region is important as it may
drive health technology vendors toward accelerating product
localizations. Adapting interfaces to local language increased
acceptance of the new technologiesin our experience, although
even with English interfaces initially being used staff were
enthusiastic about the changes, and their individual learning
curves were not influenced by age or general technology
acceptance, but by their acknowledgement of the advantages
the systems gave, particularly in terms of protecting patients.
We found that the technology was quickly adopted by all staff
after only a few days. The qualitative survey of nurses was
encouraging in this respect with statements such as “ chance of
medical error wasless’ and “ notification if you try to administer
the wrong drug” being given as positives.

Studies of error in health care have found that most serious
errors occur during the execution of treatment, with
“performance-level  failures outweighing rule-based or
knowledge-based mistakes’ [17]. For this reason, we are very
positive about the presence of hard stops rather than advisories
inthe softwarefor prescribing, compounding, and administration
for both dosing and medication components and patient I1D. Our
staff are highly skilled and experienced but are human.
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Tota oncology medications compounded per annum. I mplementation of the compounding workflow software solution took place

in late 2012.
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Abstract

Background: Low back pain (LBP) affectsnearly 4 out of 5individualsduring their lifetime and istheleading cause of disability
globally. Digital therapeutics are emerging as effective treatment options for individuals experiencing LBP. Despite the growth
of evidence demonstrating the benefits of these therapeuticsin reducing LBP and improving functional outcomes, little data has
been systematically collected on their safety profiles.

Objective: This study aims to evaluate the safety profile of a multidisciplinary digital therapeutic for LBP, the Kaia App, by
performing a comprehensive assessment of reported adverse events (AES) by users as captured by a standardized process for
postmarket surveillance.

Methods: All users of a multidisciplinary digital app that includes physiotherapy, mindfulness techniques, and education for
LBP (Kaia App) from 2018 to 2019 were included. Relevant messages sent by users via the app were collected according to a
standard operating procedure regulating postmarket surveillance of the device. These messages were then analyzed to determine
if they described an adverse event (AE). Messages describing an AE were then categorized based on the type of AE, its seriousness,
and its relatedness to the app, and they were described by numerical counts. User demographics, including age and gender, and
data on app use were collected and evaluated to determine if they were risk factors for increased AE reporting.

Results: Of the 138,337 active users of the Kaia App, 125 (0.09%) reported at least one AE. Users reported 0.00014 AES per
active day on the app. The most common nonserious AE reported was increased pain. Other nonserious AEs reported included
muscle issues, unpleasant sensations, headache, dizziness, and sleep disturbances. One serious AE, a surgery, was reported.
Details of the event and its connection to the intervention were not obtainable, as the user did not provide more information when
asked to do so; therefore, it was considered to be possibly related to the intervention. There was no relationship between gender
and AE reporting (P>.99). Users aged 25 to 34 years had reduced odds (odds ratio [OR] 0.31, 95% CI 0.08-0.95; P=.03) of
reporting AEs, while usersaged 55 to 65 years (OR 2.53, 95% Cl 1.36-4.84, P=.002) and =75 years (OR 4.36, 95% Cl 1.07-13.26;
P=.02) had increased odds. AEswere most frequently reported by userswho had 0 to 99 active days on the app, and less frequently
reported by users with more active days on the app.

Conclusions. Thisstudy onthe KaiaApp providesthefirst comprehensive assessment of reported AEs associated with real-world
use of digital therapeutics for lower back pain. The overall rate of reported AEs was very low, but significant reporting biasis
likely to be present. The AESs reported were generally consistent with those described for in-person therapies for LBP.

(IMIR Hum Factors 2021;8(4):e25453) doi:10.2196/25453
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lower back pain; digital therapeutics; adverse event; pain; safety; digital health; multidisciplinary pain treatment
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Introduction Methods
Low back pain (LBP) is the leading cause of long-term pain  Study Design

and physical disability in developed countries [1-3]. Nearly
80% of individuals are affected by LBP during their lifetime
[4,5]. LBP imposes a major socioeconomic burden on both
individuals and industry [6]. In the United States, lost
productivity due to LBP, including an estimated 264 million
work days lost annually [7,8], contributes to a total economic
burden of LBP that exceeds US $100 billion [9,10].

Evidence-based clinica guidelines recommend
nonpharmacological approaches, including exercise and
mindfulness-based stress reduction care, for individuals
experiencing lower back pain [11]. Multidisciplinary pain
treatment programs that supplement physiotherapy with
mindfulness, exercises, and educational materials are more
efficacious at aleviating long-term LBP than physical therapy
alone[12-15]. Traditional in-person treatments, however, have
afew limitations. They are often costly, which may limit access
to those with lower financial means. Furthermore, physiotherapy
programs rely on continuous care between appointments and
performing exercises independently at home; this reduces
adherence, thereby limiting effective treatment [16,17].

Novel interventions, including digital platforms, are becoming
increasingly popular to support medical treatment while
addressing the limitations of standard in-person treatment
options. Digital therapeutics are products that aim to leverage
digital, software, or internet-based health technol ogiesto deliver
to prevent, manage, or treat medical disorders [18]. Digital
therapeutics provide conventional evidence-based interventions
on a highly accessible digital platform and in a continuous
manner [18]. Digital approaches for LBP are becoming
increasingly popular as a means to use the evidence-based,
standard of care physical therapy and mindfulness techniques
recommended by physicians while increasing accessibility,
maintaining program adherence, and reducing costs for users.
Multiple digital therapeutic interventions for LBP have been
developed, and previous randomized controlled trials (RCTs)
have shown that they are effective for reducing pain and
disability indices [19-22] and improving adherence to an
exercise program [23].

However, few data are available on the safety of these programs.
Degspite the ease at which digital therapeutics can allow the
streamlined collection and recording of safety data from users,
some studies fail to report on adverse events (AES) [19,20,23],
while others do not clearly define the methodologies used for
reporting [21,22,24]. Additionally, the small sample sizes of
the RCTsmay have limited the studies from capturing AEsthat
occur less frequently. AE reporting is critical to identify
potential risks associated with the intervention.

The objective of this study was to evaluate the AEs captured
with a systematic vigilance process during real-world use of a
specific digital therapeutic for LBP, the Kaia App. It was
hypothesized that users of the digital therapeutic for LBPwould
report similar AEsto thosein comparable nondigital programs.

https://humanfactors.jmir.org/2021/4/€25453

This study examined the adverse event reporting of all users of
a multidisciplinary digital app (the Kaia App) that includes
physiotherapy, mindful ness techniques, and education for LBP,
from 2018-2019. Relevant messages sent by users via the app
were collected according to a standard operating procedure
(SOP) regulating postmarket surveillance of the device. These
messages were then analyzed to determine if they described an
AE. Messages describing an AE were then categorized based
on the type of AE, seriousness, and relatedness to the app, and
they were described by numerical counts. User demographics,
including age and gender, and app use data were collected and
evaluated to determine if they were risk factors for increased
AE reporting.

Participants

This retrospective case series included users who were active
on the Kaia App from January 2018 to December 2019.
Participants had self-reported low back pain. Onboarding criteria
for the program have been previously described [25]. The study
population in this study consisted of all international userswhose
interactions were traceable with Kaia's ticketing system and
who were active on the app in 2018 or 2019. Dueto data privacy
laws, users were given the option to opt in to the use of their
personal demographic (age and gender) and app use data, such
as active days using the app during the research study. Active
days were defined as the number of days in which the users
interacted with the app. The rate of AEs per active day of using
the app is ametric used to calculate the expected frequency of
an AE and to provide a sense of the overall safety profile of the
app. Thisis consistent with the risk management processes for
medical devicesaccording to the International Organization for
Standardization (1SO 14791). Users were able to withdraw use
of the app at any point or to opt out of the collection and storage
of personal data.

Ethical Consider ations

The study was conducted with a deidentified data set, which
did not contain any electronic persona health information. As
such, the study was considered ingtitutional review
board—exempt by the Institutional Research Board of the
Bavarian Regional Medical Council (2020-1198, Bayerische
Landesirztekammer).

Kaia App Modules

KaiaHesalth offersamultidisciplinary digital therapeutic solution
(Kaia App) for LBP, which has been previously shown to
effectively reduce LBPwith guided physiotherapy, mindful ness,
and educational training [21,26,27]. TheKaiaApp [25] includes
three therapy modules, (1) physiotherapy, (2) mindfulness, and
(3) education, with exercises to be performed on a daily basis.
The content for each individual user is adapted daily based on
the previously completed modules. In this study, users were not
obligated to participate in al three modulesin a given session.
Physiotherapy was limited to up to 5 exercises. The database
of 145 exerciseswas subcategorized into 5 classes based on the
targeted body location for that exercise. The exercises
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recommended were dependent on where the user indicated the
most pain. Recommended exercises were adjusted based on
ongoing user feedback.

Reporting of AEs

Usersregularly corresponded with apersonal coach or customer
support through the app. Users self-reported AEsto their coach
or customer support staff, and the messages were analyzed
retrospectively after the users stopped using the app. Userswere
not specifically prompted to report AES. All messagesindicating
potential complaints were tracked in the ticketing system
according to an SOP regulating postmarket surveillance of the
device (Figure 1). A complaint was defined as any written,
electronic, or verbal communication that alleged deficiencies
related to the identity, quality, durability, reliability, safety,

Jain et al

effectiveness, or performance of the app. All messages were
screened for medical relatedness and potential side effects by
customer support, and if they contained any suggestion of an
adverse event, they were forwarded to the Kaia Health medical
and quality management team. The process was regulated by
the SOP of KaiaHealth. The customer support team wastrained
tolabel all complaintsas either amedical complaint or technical
issue. Theworkflow followed aKaiainternal SOP that includes
didactic and supervised learning models. All flagged medical
complaintswere reviewed by at |east onetrained, board-certified
MD inthefield of muscul oskeletal pain and aregulatory quality
management representative who confirmed each complaint as
medically relevant. Any messages written in German were
translated to English by a certified translation service, Medax
Tranglation Services (Olching, Germany).

Figure 1. Procedure for the collection and analysis of Kaia App user complaints.

Reporting of user complaints

Collection of inbound complaints messages

Y

Exclusion of nonmedical messages <

Evaluation of medical relatedness

!

Exclusion of non-side effect messages [«

Screening of medical messages for
potential side effects

Y

Translation of messages in German to English by an

official and certified translation service

Y

Categorization and analysis of adverse events

A total of 199 medically related messages indicating potential
side effectswereidentified. These messages were then assessed
to determineif they described an AE, defined as any untoward
medical event. The seriousness, category, and relatedness of
the AE to the app was then evaluated (Figure 2), as described
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below. Two researchers categorized each of the messages
independently. Each researcher was blinded to the other’'s
responses. Discrepancies were decided by a third independent
member.
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Figure 2. Study process of the medically related message assessment procedure.
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No
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sensation
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Sleep
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disturbance

l

Identification of pain location

Adverse Event Seriousness Assessment

The following definitions were used to classify the seriousness
of an AE [28]. A serious AE was defined as any untoward
medical occurrence that resulted in one of the following
outcomes: death, illness/injury requiring hospitalization, events
deemed life-threatening, or significant disability. All other AEs
were considered nonserious, whether or not they were
considered to berelated to the intervention. M essages were not
considered AEs if they only contained updates on progress,
inquiries, or advice on app use.

Adver se Event Categorization

Previous literature identifying categories of AEs related to
exercise and pain management was used to create the
classification of AEs [29-31]. The following categories were
determined: increased pain, muscle issues, headache, dizziness,
unpleasant sensation, and sleep disturbances. Increased pain
included any indications of increased pain compared to the
user'snormal pain level. Muscleissuesincluded muscle-specific
discomfort, such as the reporting of muscle cramps, soreness,
stiffness, or tightness. Headache included pain in any region of
the head. Unpleasant sensation included any reporting of
abnormal, uncomfortabl e sensations, including afeeling of “pins
and needles’ or unpleasant back cracking noises. Sleep

https://humanfactors.jmir.org/2021/4/€25453

RenderX

disturbances included disrupted patterns of deep, including
waking up inthe middle of the night or difficulty falling asleep.

AE Relatedness Assessment

To assess the relatedness of reported adverse events, we
followed the best practices for AE reporting to the US Food
and Drug Administration by registries of postmarket products
and applied these principlesto the Kaia App digital therapeutic
[32,33]. Thereis no standard nomenclature for describing this
relationship, as previous studies have used a variety of terms,
such as certainly, definitely, probably, possibly, or likely related
or not related [33]. In this study, an AE was considered related
to the app intervention if the AE was (1) a known response to
similar interventions (ie, biological plausibility) and (2)
temporally linked to the intervention. AEs were categorized as
definitely or possibly related to app use. AEs were considered
definitely related if there was areasonable, tempora relationship
between the AE and the intervention, the AE was consistent
with aknown or expected response pattern to the intervention,
and the AE could not be reasonably explained by the known
characteristics of the user’sclinical state. AEswere considered
possibly related if the AE followed a reasonable temporal
sequence from administration of the study intervention and
followed a known or expected response pattern to the
intervention, but that could readily have been produced by a
number of other factors. If AEs had vague or ambiguous
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temporal relationships with app use or might reasonably have
been a result of a pre-existing condition described in the
message, the AE was identified as possibly related.

Pain L ocation

The majority of user messages indicating an AE of increased
pain specifically identified the location of the pain on the body.
AEs indicating increased pain were subcategorized based on
location, including pain in the back (including indication of
upper and lower back pain and sacroiliac joint pain), neck,
shoulder, leg or knee, or other regions, including sciatica, hip
pain, or arm pain. If the message did not mention the location
of the pain, it was considered nonspecified.

Statistical Analyses

All statistical testswere performed using RStudio, version 3.5.3
(R Foundation for Statistical Computing). Demographic
variables of total app users and userswho reported an AE were

Table 1. Overview of adverse event reporting on the Kaia App.

Jain et al

described by frequency and asdistribution (%) within the group.
For age variables, odds relative to the age range of 45 to 54
years and 95% confidence intervals were calculated [34]. The
relationships between variables (gender, age, and active days)
and AEs were analyzed using the Fisher exact test. A 2-sided
P value <.05 was used to determine statistical significance.

Results

Overview of Adverse Event Reporting

A summary of AE reporting from users of the Kaia App for
back painisprovidedin Table 1. A total of 138,337 userswere
included. Of the 199 medical-related messages sent by users,
125 reported an AE. These 125 users (0.09% of the total
population of 138,337) reported atotal of 142 AEs. Among all
users in the total population, the app was used for 1,004,430
active days. The rate of AEswas 0.00014 per active day.

Characteristic Value
Total userson app, N 138,337
Total users reporting an adverse event, n (%) 125 (0.09)
Total adverse events reported, n 142

Total active days using the app, n 1,004,430
Rate of reported adverse events per active day 0.00014

Demographics

The genders of the all users and the users reporting an AE are
displayed in Table 2. Demographic data were available for 74
of the 125 users who reported an AE. No relationship between
gender and the reporting of AEs was found (Fisher exact test,
P>.99).

The ages of all users and users reporting an AE are displayed
in Table 3. An odds ratio and 95% confidence interval for AEs
was cal culated for each age group relative to the age group with
thelargest number of users (ages45-54 years). Individuals aged
25-34 years had reduced odds (P=.03) of reporting AEs, while
those aged 55-65 years (P=.002) and =75 years (P=.02) had
increased odds (Fisher exact test).

Table 2. Gender demographics of the app users (N=138,337). Demographic datawere available for 74 of the 125 users who reported an adverse event.

Gender Value, n (%)
All users Users reporting an adverse event
Female 76,906 (55.6) 42 (56.8)
Male 57,152 (41.3) 31 (41.9)
Unspecified 4279 (3.1) 1(1.4)
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Table 3. Relationship between age and adverse events.
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Age (years) Values
All users (N=138,337), n (%) Usersreporting an adverseevent Odds ratio 95% ClI P vaue
(n=74), n (%)
<25 9369 (6.8) 1(1.4) 0.21 0.01-1.35 15
25-34 25,531 (18.5) 4(5.4) 0.31 0.08-0.95 032
35-44 34,826 (25.2) 18 (24.3) 1.20 0.61-2.39 63
45-54 35,847 (25.9) 15(20.3) Reference Reference Reference
55-64 22,824 (16.5) 26 (35.1) 2.53 1.36-4.84 0022
65-75 8089 (5.8) 8(10.8) 1.97 0.74-4.77 13
>75 1829 (1.3) 2(2.7) 4.36 1.07-13.26 022
#P<.05.

Categories of Adverse Events Reported and
Relationship with App Use

The specific categories of reported AEs are shown in Table 4.
Most of the AEs were nonserious, including increased pain,
muscle issues, unpleasant sensations, headache, dizziness, and
sleep disturbances. All nonserious AESs were determined to be
either possibly or definitely related to the digital intervention.
One user reported a serious AE, asurgery that occurred during
the time period when the individual was using theintervention.
Given that we do not have additional information beyond the
user messages, we do not know what kind of surgery was
performed. This serious AE wasrated as possibly related to use
of the digital intervention. Users were using the KaiaApp asa
therapeutic for back pain; therefore, it isuncertain that theinjury
resulting in surgery was a pre-existing cause of the user's
original back pain or a new symptom.

Table 4. Adverse events per category type.

The anatomical location in which usersreported increased pain
was then categorized, as shown in Table 5. Due to the
self-reporting nature of the AE reporting, many of the users
experiencing increased pain did not report the specific location
of the increased pain. Of the users who did report a location,
back pain was the most common location reported. Users also
experienced increased pain in the lower extremities (leg or
knee), shoulder, neck, or other body partsincluding the hip and
arms.

Finally, the relationship between the number of active dayson
the app and the frequency of reported AEsisexaminedin Table
6. The average number of active days per app user of the total
cohort was 7.26 days. AEs were most frequently reported by
userswho had 0 to 99 active days on the app and lessfrequently
reported by users with more active days on the app.

Category of adverse event

Freguency (n=142), n (%)

Increased pain
Muscle issues
Unpleasant sensation
Headache

Dizziness

Sleep disturbance
Surgery

83 (58.4)
25 (17.6)
19 (13.4)
7(4.9)
4(2.8)
3(2.1)
1(0.7)

Table5. Total adverse events reported per location of increased pain.

Location of increased pain

Frequency (n=83), n (%)

Back

Leg or knee
Shoulder
Neck

Other

Not specified

25(30.1)
11 (13.2)
11(13.2)
8(9.6)
8(9.6)
27 (32.5)
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Table6. Total adverse events reported per active days using the Kaia App. App use datawere available for 84 of the 125 users who reported an adverse

event.
Active days on Kaia App Adverse events, n (%)
0-99 51 (60.7)
100-199 18 (21.4)
200-299 6(7.1)
300-399 6(7.1)
400-499 2(2.4)
500-599 1(12)
Discussion [31,36-39] report more AEs than control participants who

Principal Findings

This study provides the first comprehensive assessment of
reported AEs associated with real-world use of a digital
therapeutic for LBP (the Kaia App). In this retrospective case
series, only 0.9% of users reported an AE. AEs were mostly
nonserious and included increased pain, muscleissues, dizziness,
headaches, and dleep disturbances. The back was the most
common location of increased pain reported by users of the app.
One serious adverse event, a surgery, was reported; it was
determined to be possibly related to the digital intervention, as
it could not be determined whether the cause of the surgery was
due to the intervention or the underlying condition.

There was no relationship between gender and the reporting of
adverse events. Younger users had reduced odds of reporting
AEs, while older users had increased odds. On average, users
only reported 0.00014 adverse events per active day using the

app.
Comparison With Prior Work

Randomized controlled trials evaluating the use of digital
therapeutics for lower back pain have included limited AE
reporting [19-24] (Table S1 in Multimedia Appendix 1). The
table includes randomized controlled trials that evaluated the
use of digital therapeutics for lower back pain and included an
analysis of their adverse event reporting. These trials were
identified through using comprehensive search terms acrossthe
MEDLINE, Embase and Web of Science databases to collect
all trials that assessed the use of teleheath interventions
availableto at-home patients. We found that most of these prior
studies did not provide detailed reporting of adverse events;
therefore, it ischallenging to directly compare the safety of the
LBPdigital therapeuticin thisstudy to that of other digital -based
programs for LBP management.

The AEsreported in this study are comparable to those reported
for nondigital forms of the three therapy modules included in
the app, including (1) physiotherapy, (2) mindfulness and
relaxation exercises, and (3) education for LBP.

All of the AEs in this study were consistent with previously
reported AEs related to live exercise therapy. Exercise
intervention, while considered safe overall, has been shown to
increase the risk of experiencing nonserious AEsin individuals
with LBP, but not of serious AES[35]. Participantswho perform
either back-focused physical therapy exercisesor yogafor LBP

https://humanfactors.jmir.org/2021/4/€25453

perform less strenuous nonexercises [40,41]. Most previously
reported AEs associated with exercise therapy are
musculoskeletal in nature, including increased pain [35] and
muscle soreness [42], aswell as other nonserious AES[43] such
as headache and dizziness. Previoudly reported AEs related to
yogaincludejoint pain, increased back pain, sciaticaor leg pain,
neck pain, abdominal pain, and dizziness[31]. Of note, therate
(0.09%) of reported AEs in this study with a digital app was
much lower than what has been reported in prior studies of live
exercise therapy for LBP, such as physical therapy (7%-11%)
[44] or yoga (7.1%-7.6%) [31,45], although this finding may
be limited by the self-reported nature of the AEs collected in
this study.

LBPisthe second most common reason to visit a primary care
physician; it is self-identified, and it is the chief concern upon
presentation [46-48]. Thus, the fact that users in this study
self-identify as having low back pain makes this study widely
generalizable to a broad population.

The pain-related AEs reported in this study have also been
reported in prior literature examining mindfulness exercises,
but the risk is low. A previous study reported that 10% of
individuals with chronic LBP experienced an AE during
cognitive behavioral therapy, which was mostly attributed to
increased pain from progressive muscle relaxation exercises
[49]. However, progressive muscle relaxation techniques have
been demonstrated to result in no AEs in individuals with
chronic neck pain [50], suggesting that the location of pain
before starting the module may influence AE reporting. No
study that specifically examined the relationship between
breathing exercises and AEs was found.

Finally, the increased number of LBP AEs seen in thisstudy is
also consistent with prior literature examining education material
related to LBP; however, the risk is low. Literature searches
reveal that the existing AE reporting for these interventions is
limited, asthey are generally considered safe. Individualsgiven
self-care books and newsletters that recommend nonstrenuous
stretching routines report very low rates (1.6%) of adverse
events, including increased back pain [31]. In another study of
participants with LBP assigned to a self-care book treatment,
2.2% participants reported an AE of increased back pain [38].

Next, this study sought to identify risk factors, including age
and gender, that may be associated with increased likelihood
of reporting an AE. We found that increasing age was a risk
factor for reporting an AE. Although moderate to intense
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exercise has been shown to be safe overal in a healthy
population of older people[51-53], older individuals areindeed
at increased risk for injury from falls during physical activity
[54]. We did not identify a relationship with gender and AE
reporting in this study, and to our knowledge, this is the first
study to examine gender differencesin AE reporting on physical
therapy. Although our study focused on demographic risk factors
for reporting an AE while using the Kaia App for LBP, future
studies should examine additional aspects of back pain that
could berisk factors, such astheintensity, duration, and history
of LBP[55].

Limitations

The major limitation of this study is that it was retrospective
and relied on self-reporting of possible AEs. Users self-reported
AEsto their coach or customer support staff, and the messages
were analyzed retrospectively after users stopped using the app.
Users were not specifically prompted to report AEs. Overall,
this likely resulted in underreporting, and it may explain the
low rate of AEs in this study compared to that in prior studies
examining live physiotherapy [31]. In particular, the ability to
self-report serious AEsisinherently flawed, and more accurate
results on the incidence of those events can be more optimally
obtained from a prospective study cohort, where planned
follow-ups will accurately collect those events. Serious AES,
such as death, cannot be reported by the user, asthey would be
unable to use the app to report any such event. Although this
underreporting would be a serious concern in the tracking of
high-risk interventions, by nature, the described intervention is
extremely unlikely to cause death or serious AE. Another
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limitation is that users submitted open-ended messages of
variable length and detail to their coach; thus, categorization of
AEs was subjective. Although users were not specifically
prompted to state thetemporal relationship between the AE and
app use, many messages did indicate this relationship. To
mitigate these issues, two independent researchers classified
the medical complaints separately using strict definitions for
AE categorization and relatedness, and a third researcher made
the final decision on the classification in the event of a
discrepancy between the two initial reviewers. To better
understand AEs in digital therapeutics, we recommend that a
prospective study design beimplemented, that users be prompted
frequently to report AEs, and that reporting of AEs trigger
follow-up questions regarding details.

Finally, due to data privacy laws, users were given the option
to opt in to the use of their personal demographic (age and
gender) and app use data by the manufacturer; thus, data were
missing for some patients who reported adverse events. This
may have impacted the analysis of demographics and app use
on AE reporting.

Conclusions

This study serves to emphasize the importance of examining
AEs in digital therapeutics for LBP, as these therapeutics are
becoming an increasingly popular treatment modality. Future
research on digital LBP rehabilitation tools should focus on
prospective assessment of AEs using the streamlined nature of
datacollectionin digital interventionsto gather safety datafrom
users to identify potential risk factors for negative health
consequences.
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Abstract

Background: InNorth America, athough pharmacists are obligated to ensure prescribed medications are appropriate, information
about a patient’s reason for use is not a required component of a legal prescription. The benefits of prescribers including the
reason for use on prescriptions is evident in the current literature. However, it is not standard practice to share this information
with pharmacists.

Objective: Our aim was to characterize the research on how including the reason for use on a prescription impacts pharmacists.

Methods: We performed an interdisciplinary scoping review, searching literature in the fields of health care, informatics, and
engineering. The following databases were searched between December 2018 and January 2019: PubMed, Institute of Electrical
and Electronics Engineers (IEEE), Association for Computing Machinery (ACM), International Pharmaceutical Abstracts (IPA),
and EMBASE.

Results: A total of 3912 potentially relevant articles were identified, with 9 papers meeting the inclusion criteria. The studies
used different terminology (eg, indication, reason for use) and awide variety of study methodol ogies, including prospective and
retrospective observational studies, randomized controlled trias, and qualitative interviews and focus groups. The results suggest
that including the reason for use on a prescription can hel p the pharmacist catch more errors, reduce the need to contact prescribers,
support patient counseling, impact communication, and improve patient saf ety. Reasonsthat may prevent prescribersfrom adding
the reason for use information are concerns about workflow and patient privacy.

Conclusions: Moreresearch is needed to understand how the reason for use information should be provided to pharmacists. In
the limited literature to date, there is a consensus that the addition of this information to prescriptions benefits patient safety and
enables pharmacists to be more effective. Future research should use an implementation science or theory-based approach to
improve prescriber buy-in and, consequently, adoption.

(JMIR Hum Factors 2021;8(4):€22325) doi:10.2196/22325
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Introduction

Medicationsare generally prescribed for conditionsand illnesses
for 4 reasons. to cure, to prevent, to slow progression, or to
manage symptoms. Drugs can also be prescribed to help
diagnose or manage the adverse effects caused by another
medication or treatment, often referred to as off-label use.
Sometimes the reason for use is apparent, such as using oral
isotretinoin to treat nodular acne. Other timesthe reason for use
is less apparent, such as using a hypertension medication to
treat nightmares related to posttraumatic stress disorder [1].

To fill in the gaps when the reason for use information is not
accessible, pharmacists must often rely on the patientsto provide
the reason for use information [2,3]. Yet, the accuracy of
patient’s self-reported diagnosis varies widely. While the
accuracy is quite good with conditions such as diabetes, it is
very low for conditions such as rheumatoid arthritis or heart
failure [4-6]. People who have difficulty communicating their
diagnoses tend to be older, live with more chronic illness, and
have ahigher risk of death [7]. This putsthe onus on the patient
to correctly share the physician’s prescribing rationale and
amplifies the risk for more vulnerable patients.

In the patient safety literature, there appears to be a consensus
that it is safer for pharmaciststo have accessto a prescription’s
reason for use [8]. While 80% of hospitalsin the United States
that have adopted some form of an electronic health record
allow pharmaciststo interact with the system to view laboratory
testsand diagnoses, thereason for useisnot identified asacore
measureincluded in the electronic health record [ 7]. ePrescribing
hasfacilitated the accuracy of prescriptions and some discussion
with systems; however, many jurisdictions, including Canada,
have not yet adopted this technology due to legislative or cost
issues. Therefore, while pharmacists may have access to the
patient’s health information used by the prescriber to determine
thereason for use, they must infer the reason without its explicit
inclusion on the patient’s record. In contrast to community
pharmacies where access to national electronic health record
data is only available in some countries and regions,
communication of the reason for use remains both a desire of
pharmacists and a challenge for health care systems[3,8,9].

Most prescriptions today are written electronically [10]. With
the potential for timely access by prescribers and pharmacists,
digital prescription records could support the communication
of a prescription’s reason for use along with the right design.
Schiff et al [10] tested an indication-based prescribing system
that makes it easier for prescribers to share a prescription’s
reason for use. In their electronic prescribing system, prescribers
start with a diagnosis or problem and then select a treatment
option from a list of recommendations. The system would
additionally provide suggestions based on a patient’s health
history, but still allow for complete autonomy of a prescribers
selection [10]. However, there still appears to be very little
information on how to include a prescription’s reason for use
to support pharmacist’s decision making.

The objective of this interdisciplinary scoping review is to
characterize the research on how including the reason for use
on a prescription impacts pharmacists. Given that this topic

https://humanfactors.jmir.org/2021/4/€22325
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spans multiple disciplines, the first step is to map relevant
literature to identify the potential size and scope. Our goalswere
to describe the research on the design, implementation, and
evaluation of the reason for use information for pharmacists,
including the types and sources of evidence, and the areaswhere
further research isneeded. When literature on a particular topic
isscattered through different disciplines, thereisareal risk that
the research will be siloed and will not reach those who arein
aposition to tranglate the research into practice. Thus, we aso
aimed to provide health care, informatics, and engineering
researchers with a cohesive summary of the reason for use
studiesto date, asit relates to pharmacists.

Methods

Study Framewor k

We followed the scoping review framework developed by
Arksey and O'Malley [11], and conducted the reporting using
the PRISMA Extension for Scoping Reviews (PRISMA-ScR)
Checklist [12]. We carried out the following 5 stages of a
scoping review: (1) identify the research question, (2) identify
relevant studies, (3) select articles, (4) chart the data, and (5)
collate and summarize the data [13]. To build the search
strategy, we used the SPIDER tool (sample, phenomenon of
interest, design, evaluation, research type) to identify qualitative
and mixed method studies [14]. We also used the traditional
PICO tool (patient, intervention, comparator, outcome) to
develop a search strategy for quantitative studies, such as
randomized controlled trials [15].

Information Sources

We searched the following databases for journal articles and
conference proceedings between December 2018 and March
2019, and ran an update in January 2019: PubMed, Institute of
Electrical and Electronics Engineers (IEEE), Association for
Computing Machinery (ACM), International Pharmaceutical
Abstracts (IPA), and EMBASE. Searches were conducted
between December 2018 and January 2019. We aso
hand-searched referencelistsfrom rel evant articles. We exported
all search results to EndNote reference manager software
(version 8; Clarivate Analytics) and removed duplicates. The
EndNote File was exported to Covidence (Veritas Health
Innovation Ltd.).

Search

Three librarians worked together to build a comprehensive
search strategy for each database, with support from database
specialists. We began by familiarizing ourselves with the
terminology for “reason for use” by conducting a preliminary
search on PubMed and by searching reference lists of known
publications on thetopic. Devel oping a search strategy for each
database was complex, balancing the need to be as
comprehensive as possible while limiting the noise caused by
the wide-reaching “indication” search term. Detailed search
strategies are presented in Multimedia Appendix 1. A sample
search strategy for PubMed is as follows:

((“reason for use’[All Fields] OR Indication*[All Fields] OR
Off-Label Use{MeSH terms] OR (diagnosiAll Fields] OR
diagnosigMeSH terms] AND (pharmacistsfMeSH Terms] OR
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pharmacist*[All Fields])) AND (prescription[All Fields] OR
drug prescriptiongMeSH Terms] OR prescriptions[MeSH
Terms]) AND (documentation[MeSH Terms] OR document[All
Fields] OR record[All Fields] OR communication [MeSH terms]
OR communication[All Fields] OR Electronic health
recordfMeSH Terms] OR “electronic medical record” OR
labelAll Fields] OR off-label[All Fields] OR Off-Label
UsegMeSH Terms] OR electronic prescribinglMeSH Terms))
AND (collaboration OR intersectoral collaboration[MeSH
Terms] OR interprofessional relationgfMeSH Terms] OR patient
care team[MeSH Terms] OR professional rolefMeSH Terms]
OR team[All Fields] OR interprofessiona[All Fields] OR
“interprofessional collaboration” [All Fields] OR patient[All
Terms] OR patientsfMeSH Termsg)))).

Selection of Sources

We imputed titles and abstracts into Covidence and 2 authors
(KM and CC) independently screened the titles, abstracts, and
full-text articles according to the €eligibility criteria. Studies
were eligible for inclusion if they included pharmacists as part
of the study and examined one of thefollowing: (1) theinclusion
of reason for usein aprescription; (2) the addition of reason for
use to a prescription medication label; or (3) why prescribers
do or do not include reason for use in prescriptions. We did not
limit ourselves to a specific type of study, or field of study. We
did not place any limits on the date or location of publications
other than the research must be published in English. We
excluded dissertations and commentaries.

Mercer et d

Data Synthesis

One researcher used a standardized form to extract data from
included full-text articles, and the datawere verified by asecond
researcher. We recorded the following data: lead author, year
of publication, geographic location, participants, methods,
analysis, research setting, outcomes, and location of the reason
for use (eg, electronic health record, written prescription). While
reviewing theincluded articles, we were guided by theresearch
question for this study: “How are pharmacists affected when
the reason for use is included on a prescription, and what are
itsimplications for collaboration and patient safety.” We began
by categorizing the literature according to the methodology,
key findings, and setting. Aswe reviewed the articles, we added
categories as necessary to understand the full extent of themes
and research currently being carried out. We identified gaps
and key findings after reviewing the final list of included
articles.

Results

Study Selection

Weidentified atotal of 4027 titleswith an additional 21 studies
identified from other sources (Figure 1), of which 136 were
duplicates. After screening, 3912 articleswere screened, leaving
atotal of 9 that met theinclusion criteria[2,16-23] (Multimedia
Appendix 2). Examples of reasons papers were excluded
included the following: focus on labeling not prescriptions
[24,25], did not include a pharmacist [26-30], focused on
medication review without indication [31,32], monitoring drug
treatment [33], and network data mining [2,16-23,34].

Figurel. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) diagram.
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database searching
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The literature was synthesized into 4 areas of focus: (1)
terminology (2) importance of including reason for use on
prescriptions; (3) impact of reason for use on decision making
and workflow; and (4) barriers to reason for use information.

Descriptive Characteristics

The 9included studieswere published between 1998 and 2018.
Six studies examined pharmacists and physiciansjointly in the
studies [16-18,21-23]. In total, 4 studies were conducted in the
United States[2,18,21,23], 2in Europe[20,22], 1inthe Middle
East [16], and 2 in Australia [17,19]. Two studies focused on
prescribing in hospital [16,22], 6 focused on primary care
[2,17,19-21,23], and 1 involved a consultation with experts
from different settings[18]. According to theinclusion criteria,
all studiesincluded pharmacists, with 7 also including physicians
[16-19,21-23], 4 included patients [18,21-23], and 1 presented
results from a pilot study with various stakeholders [18]. Five
studies used a qualitative approach to capture perspectives on
the application of reason for use[17,18,20,21,23] and 4 used a
guantitative approach to characterize the impact of reason for
use[2,16,19,22]. Three of the included studies were published
in health research journas [17,19,22], with the remaining 6
published in pharmacy practicejournas[2,16,18,20,21,23]. We
did not identify any studies in the engineering or informatics
literature.

Terminology

Including areason for use on a prescription was described in a
variety of ways. The most common terminology is“indication”
[17,18,20] or related termsincluding “indication in prescription”
[16], “medicationindication [21], and “indication for treatment”
[22]. Other terminologies were patient diagnosis [23], “reason
for use” [2], purpose of the medication” [19], and “clinical
patient data’ [35].

Current Per spectives on Including Reason for Use on
Prescriptions

All included studies identified that reason for use is needed to
improve patient saf ety. Generally, the pharmacist and physician
research participants had positive reactions toward adding the
reason for useto prescriptions. Using semistructured interviews
with pharmacists, physicians, and patients, Garada et a [17]
identified that the addition of reason for use information can
reduce perceived prescribing and dispensing errors, and that
adding theinformation to thelabel supports patient engagement
and the work of other health care professionals. Liddell and
Goldman [19] specifically identified that including the reason
for general use was the most important aspect of new
prescription notations to improve communication.

Impact of Reason for Use on Decision Making and
Wor kflow

Three studies mentioned pharmacistsfeeling limited by missing
information [20,21,23], 3 identified the reason for use as being
important to pharmacists for catching prescribing errors and
improving safety [16,17,22], 4 recognized the potential for
reason for use information to improve workflow [16,18,21,23],
and 3 discussed the need for reason for use to provide accurate
patient counseling [21,23,35]. Of the 3 studies that examined
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workflow, Al-Khani et al [16] identified the difficulty in getting
physicians to comply with including reason for use, and the
subsequent change in workflow.

Al-Khani et a’s [16] study used a hospital’s safety reporting
system to show that 35% of the drug prescribing errors that
pharmacistsflagged wereidentified using reason for use. Liddell
and Goldman [19] demonstrated a very positive response from
physicians about being more collaborative with pharmacists
when notations were included that specify the reason for use
information, and both pharmacists and physicians were positive
about tools that would facilitate communication.

Improved collaboration and communication between
pharmacists and physicianswereidentified in 2 articles[20,21].
Tarn et a [21] identified the potential benefit that improved
collaboration can have on efficiency. Kron et a [18] discussed
how pharmacists often try to infer information about why a
medication was prescribed from the patients, which is supported
by Warholak et a’s [23] findings that after a diagnosis was
included on an electronic prescription, pharmacists have less
confusion and uncertainty [18,23], further identifying that
patients are used as an intermediary to get accessto information.

Barriersto the Reason for Use I nfor mation

Only 1 paper examined privacy concerns, concluding that while
pharmacists and physicians were concerned about privacy,
patients were not generally concerned with the privacy
implications of documenting reason for use on a prescription
[17]. Of the 5 included studies that mentioned technology
[16-18,22,23], 4 suggested there was a need to improve the
prescribing software available [17,18,22,23]. Four studies
examined electronic prescribing [16-18,23].

Raebel et a [35] discussed the effectiveness of a computerized
pharmacy alert system and active collaboration between health
careprofessionals. The study’sgoal wasto improve prescribing
safety and identified that abarrier to thiswasthat clinical patient
data were not easily available to many pharmacists [35]. Kron
et a [18] specifically examined the difficulties in encouraging
prescribers to include the reason for the prescription, and
identified that electronic prescribing was laying the foundation
for future adoption.

Discussion

Principal Findings

We set out to identify and describe the current literature around
how the reason for use information can be shared with a
pharmacist through a prescription. Weidentified several studies
where systems supported a mandatory reason for use field or
modified the computer interface to makeit easier for prescribers
to add this information. The research to date has not moved
much beyond the typical barriers to adoption such as alack of
time or incentives; however, when asked, prescribersdo clearly
identify the benefits of adding thisinformation. Therefore, one
of the key findings of this review is we did not identify any
implementation science or theory-based studies aiming to
improve adoption by prescribers.
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One observation from this study was that the problem of sharing
reason for useinformation is greater than making the reason for
use field mandatory for prescribers. The study by Al-Khani et
al [16] in a hospital in Saudi Arabia retrospectively identified
that pharmacists’ access to the reason for use and medication
history was a major factor in identifying up to 60% of errors,
even though some physicians found ways to override the
mandatory field on prescriptions by writing charactersor letters.
Through their experiences in a Chinese hospital, Li and Zhou
[36] aso highlighted that a hospital-wide policy could promote
the addition of reason for wuse to electronic
prescriptions—allowing the pharmacy department to keep the
proportion of “inappropriate physician orders’ below 1%—but
that it raised a new challenge when prescribers provide poor
quality or incompleteinformation [36]. Another study inaDutch
children’s hospital also found that prescribers rejected up to
half of pharmacist recommendations dueto alack of timeliness
or relevance—highlighting that improved information around
indication would lead to more timely and meaningful
collaboration between prescribers and pharmacists[37]. Moving
forward, researchers could benefit from using animplementation
science framework to look at the reasons interventions or
policies worked (or not), especially in critical areas related to
reach, effectiveness, adoption, implementation, and maintenance
over thelong term [38].

One major limitation of this review was that the terminology
used to describe “reason for use” was not consistent, which is

Mercer et d

a barrier to building an evidence-based body of knowledge to
encourage designing, implementing, and ultimately having an
uptake of including a reason for use on prescriptions. If the
language used is not consistent, it is difficult to make sure all
stakehol ders are working on the same problem, toward the same
solution. The reason for use literature bridges health,
engineering, informatics, and other areas, al with different
terminol ogies, frameworks, and methods. The papersincluded
in this study were al from health care journas, primarily
pharmacy journals. This may mean that engineering and
informatics disciplines are not aware of these papers. Whilethe
methodology for health-related scoping reviews is well
documented [11], the search methodology and available tools
have not yet caught up in other disciplines. For example, while
PubMed uses the MeSH search terms and EMBASE uses
Emtree, these are not standard between databases, and the
nonmedical databases do not have standardized search terms.

Conclusions

In the limited literature to date, there is a consensus that the
addition of reason for use information to prescriptions benefits
patient safety and enables pharmacists to be more effective.
However, it is also clear that very little has been done to
motivate prescribers to include this information, despite clear
benefits such as reducing the number of phone calls received
by pharmacists. Future research should be multidisciplinary,
and use an implementation science or theory-based approach
to improve prescriber buy-in and, consequently, adoption.
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Abstract

Background: Medication nonadherenceisacostly problem thatiscommonin clinical useand clinical trialsalike, with significant
adverse consequences. Digital pill systems have proved to be effective and safe solutions to the challenges of nonadherence, with
documented success in improving adherence and health outcomes.

Objective: The aim of this human factors validation study is to evaluate a novel digital pill system, the ID-Cap System from
etectRx, for usability among patient usersin a simulated real-world use environment.
Methods: A total of 17 patients with diverse backgrounds who regularly take oral prescription medications were recruited.

After training and aperiod of training decay, the participants were asked to compl ete 12 patient-use scenarios during which errors
or difficulties were logged. The participants were also interviewed about their experiences with the ID-Cap System.

Results: The participants ranged in age from 27 to 74 years (mean 51 years, SD 13.8 years), and they were heterogeneousin
other demographic factorsaswell, such aseducation level, handedness, and sex. In thishuman factors validation study, the patient
users completed 97.5% (196/201) of the total use scenarios successfully; 75.1% (151/201) were completed without any failures
or errors. The participantsfound the | D-Cap System easy to use, and they were ableto accurately and proficiently record ingestion
events using the device.

Conclusions: The participants demonstrated the ability to safely and effectively use the ID-Cap System for its intended use.
The ID-Cap System has great potentia as a useful tool for encouraging medication adherence and can be easily implemented by
patient users.

(JMIR Hum Factors 2021;8(4):€30786) doi:10.2196/30786

KEYWORDS

digital pills; digital medication; ingestible event marker; ingestible sensor; human factors; usability; validation study; medication
adherence; medication nonadherence; remote patient monitoring; mobile phone

providersare generally poor judges of their patients’ adherence

Introduction [2]. Inclinical practice, it is known that up to 50% of patients
Background do not take their medications as prescribed [3], even in serious

disease states or conditions where the consegquences can be
severe, such as diabetes, heart failure, hyperlipidemia,
hypertension, and organ transplantation [4,5].

M edication nonadherenceis aproblem that continuesto plague
the health care system. Data have shown that patients do not
report their own adherence accurately [1] and that health care
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In addition, medications that have been shown to improve the
quality of life, prevent tumor progression, and prolong survival
are often not taken as prescribed by patients with cancer [6]. A
systematic review of publications on oral anticancer medications
from 2003 to 2015 showed that medication adherence rates
varied widely from 46%to 100% [ 7]. Ininterviewswith patients
with breast cancer, de Mendoza et al [8] found that 78.9% of
the patients failed to report medication discontinuation
immediately and 57.9% overreported medication adherence.

Nonadherence is multifactorial. The common reasons for
nonadherence are confusion (about complex drug regimens), a
lack of commitment to the treatment plan, fear of adverse events,
cost of drugs, forgetfulness, lack of symptoms, illness factors
such as depression or psychosis, and miscommunication or lack
of trust between the patient and the health care team [9-11].

Clinical trials too are often impaired by suboptimal adherence
and flawed in theway they track medication adherence[12-14].
For example, in a systematic review that captured adherence
datafrom 95 clinical trialsinvolving 16,907 participants, there
was an immediate 4% drop-off of the enrolled participants
because of noninitiation of therapy. By day 100, 20% of the
participants had stopped taking the medication. A further 12%
displayed imperfect adherence on adaily basis[14]. Adherence
errors can result in suboptimal dosing and inaccurate
assessments of efficacy, safety, and tolerability, thus delaying
the drug development process and potentially adding millions
of dollarsin additional costs[9,15].

The need for abjective and reliable ways to confirm medication
use has driven the development of various tracking methods,

Baumgartner et a

including patient self-reports, adherence-reporting mobile apps,
pill counts, pharmacy prescription refill rates, electronic pill
dispensers, and other solutions—but none have been optimized,
and many are not reliable [16]. Digital pill systems, in contrast,
have demonstrated a high rate of accuracy, with astudy showing
a99.4% adherence rate across 2824 digital pill ingestions that
were tracked [17].

The ID-Cap System (etectRx, Inc) is a digital pill system and
ingestible event marker (Code of Federa Regulations 21
§880.6305) that enables adherence measurement through an
embedded ingestible sensor. The biocompatible sensor, upon
coming into contact with gastrointestinal fluid, communicates
a digital signal through radio frequency after ingestion and
dissolution of the pharmaceutical-grade capsule shell that
encapsulates it. A reader worn by the patient detects the radio
frequency signal and forwards ingestion datato the patient app
and clinician dashboard. Information about the ingestion event
isthen wirelessly transferred to a Health Insurance Portability
and Accountability Act—compliant cloud-based server [18] for
secure sharing with authorized users. The sensor is naturally
and safely eliminated from the body.

The Food and Drug Administration granted 510(k) clearance
to the ID-Cap System in December 2019. Theregulatory review
of thismedical device and itsrelated software encompassed the
results of human factors validation testing among patient users,
clinician users, and system administrators, including the results
of the study reported herein. The components of the ID-Cap
System are shown in Figures 1-5. The patient user testing was
conducted with the following system components: the
ID-Capsule, the ID-Cap Reader, and the ID-Cap Patient App.

Figure 1. ID-Capsule: adigital pill consisting of a pharmaceutical-grade capsule shell with an embedded ingestible sensor. The I D-Capsule has been
designed to encapsulate medications that are tracked using the system. The sensor communicates a digital signal shortly after ingestion and capsule
dissolution. The sensor is naturally and safely eliminated through the patient’s gastrointestinal tract.
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Figure 2. ID-Cap Reader: awearable device that detects messages transmitted from the ingested sensor and forwards them to the |D-Cap Patient App
and Clinician Dashboard.

Figure 3. The ID-Cap Patient App allows patients to view ingestion eventsin real time as well as their medication use history. The app can also send
patient reminders and alerts.
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Figure 4. The Clinician Dashboard enables logging, tracking, and trending of patients' ingestion events by clinicians. It provides both rea-time

notifications and a history of ingestion events.

Tracking ID-Capsule Ingestion Only Take

1
At Notes to be displayed
09:00 AM on the ID-Cap App

Total Detected Adherence = -

Total Manually Input Adherence = -

Total Adherence = -

Patient Name External ID

Adherence
etectRx Blind Study PID-051 100%
etectRx Blind Study PID-050 11255
etectRx Blind Study PID-047 87.5%
etectRx Blind Study PID-045 100%

1

Legend - Ingestion Data
HH:MM - Detected

+ - Inserted Event

= - Changed Event

= - Deleted Event

% - No Data

10/22/2021 10/23/2021 10/24/2021 10/25/2021 10/26/2021 10/27/2021

1:43 PM 2:48 PM 2:26 PM 1:56 AM 9:18 PM 2:33PM
12:08 AM

11-47 PM 9:54 PM 10:30 PM 11:11 PM 9:56 PM 9:55 PM
6:22 AM 7:46 AM 7:00 AM 6:49 AM X 6:34 AM
7:50 PM 6:59 PM 6:02 PM 7:41 PM 9:20 PM 7:53 PM

DO NOT use as the sole basis for ingestion event determinations or clinical decisions. Healthcare providers should discuss ingestion history with patients prior to making dinical decisions. Detection accuracy
is less than 100%. As with all wireless communications, an ingestion event message will occasionally not be received by the ID-Cap Reader, App, and/or Dashboard ar may be delayed. Healthcare providers
should exercise their clinical jJudgment when interpreting and using any data from the ID-Cap System for clinical decisions.

Figure 5. Overview of how the ID-Cap System works.

ID-Cap™ System Data Flow

patient’s gastreintestinal fluid.

«

ID-Capsule Reader

The ID-Capsule contains an The Reader processes the signal
ingestible sensor that creates a from the ingested sensor and
low power radio frequency forwards a message through
signal when activated by the Bluetooth to the Patient App.

Patient App Clinician
The Patient App displays the Das h boa rd

information and sends data

to the etectRx secure server. The etectRx server sends patient
ingestion information to the

Clinician Dashboard.
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Objective

In this paper, we describe the human factors validation study
involving patient users, the intent of which is to evaluate the
I D-Cap System for usability, ensuring that patient userswill be
ableto operate the system asintended in asimulated real-world
use environment. Our key questions were as follows:

1. Are patient users able to perform critical tasks effectively
and safely, using an interface representative of the final
device design, in conditions representing the actual
conditions of use?

2. Can they do so without errors and without difficulties that
could cause harm?

Thisvalidation study excluded clinical safety and effectiveness
elements, which have been assessed and documented in separate
evaluations and pivotal clinical trials supporting the use of the
device. The researchers hypothesized a priori that the patient
userswould successfully demonstrate their ability to safely and
effectively use the ID-Cap System for itsintended use.

Methods

Overview

To conduct the human factors validation test of the ID-Cap
System, we used assessment testing. Thistype of test provides
userswith realistic tasksto perform, using aworking prototype
of the device but without requiring any clinical use [19].

The training and testing took place at the office facilities of
Tensentric, Inc, in Boulder, Colorado. The test was conducted
in either conference rooms or dedicated research rooms set up
to represent atypical home-use environment. AnD-Cap System
was provided, including supplemental test equipment (eg,
laptops for training videos) and product labeling.

Participants

The research team had a recruitment target of up to 18 patient
users to ensure that the goal of a minimum of 15 participants
from the intended user population would be met; 15 test
participants per user group representsthe most stringent sample
size guidance from regulatory bodies for human factors
validation testing [20]. The participants were recruited by an
independent third-party recruiting firm that had no knowledge
of etectRx’s involvement at the time of recruitment. None of
the participants were employed by, or affiliated with, etectRx,
nor had they participated in a preceding formative usability or
validation test of the ID-Cap System. Each participant signed
a nondisclosure agreement and an informed consent form
documenting their agreement for participation in thetest session
and video recording. Each participant received an honorarium
for participation in the study, which was distributed after the
completion of the test session.

Our goal was to obtain a sample of test participants who
represent theintended patient users of the ID-Cap System. The
recruited participants took medication by mouth on a regular
basis, were able to understand and follow directions, and
communicated clearly. If a caregiver assisted the participant in
taking medication or in day-to-day activities, the caregiver also
participated in the test. Participants with conditions that affected
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their ability to make health decisionsor follow their physician’s
instructions and those who did not use a smartphone were
excluded.

Thiswas an all-comers study that was, by design, both inclusive
and diverse. Diversity within the sample size was promoted
within the recruitment screener by quantified maximums or
minimums on specific populations as well as instructions to
recruit avariety of participants, including amix of handedness,
sexes, races, educational levels, and disease states. The
demographics that were recorded after scheduling included
visua acuity, age, handedness, sex, medical conditions, how
the participant currently ensures that they are taking their
medication, color blindness, visual impairments, and any visual
corrections.

Training

The participants received a 40-minute training session for the
ID-Cap System to orient them to the basic features, functions,
and nomenclature of theingestible sensor, wearabl e reader, and
patient app. They were shown aseries of 5 short training videos
containing key information and demonstrating the correct use
of the device. They were then asked to demonstrate the steps
for completing a successful ingestion using the reader and
patient app before using the system independently during the
test session. The training was equivalent to what is expected to
be delivered to actual users, and the content, format, and method
of delivery of training were comparable to the training that
actual users would receive. The training materials and device
instructions for use were designed to support a self-guided
supplemental training program for the patient user.

The training videos covered the following topics:

«  Overview of the ID-Cap System

«  Setup of charger and reader for the first time

« Routine use of the system without use of the patient app
« Routine use of the system with use of the patient app

«  App navigation and functionality

Training was conducted at |east one hour before the patient’s
test session to simulate a typical level of training decay. After
completing the training, the participants were sent away from
the test environment for at least one hour with no materials.
Only after the waiting period of an hour were the participants
able to begin executing the test scenarios. This 1-hour gap,
which was added to be more indicative of real-world gaps that
exist between training and first-time use, represents the
recommended time frame when eval uating potential use-related
risks related to training decay [19].

Testing

After the training session and training decay period, the
participants initiated a guided 60-minute test session. Time
variation was expected in completion of the test session based
on factors such as operator skill, training retention, and
experience with similar devices and smartphone apps. Actual

task times were documented through the video recording of
each session and referenced as needed.

During the recorded test session, the participants were observed
as they completed the use tasks and monitored by at least one
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facilitator and either a second facilitator or an observer seated
in the same room as the participants. Printed instructions for
use were provided to the participants and placed where they
would befreely availablefor reference. However, thefacilitator
did not direct the participants to use them; this enabled insight
into how patients might (or might not) refer to them during
actual use.

During the test session, the participants were asked to complete
12 patient-use scenarios using the ID-Cap System, which
included device use tasks and knowledge assessment tasks.
They verbally read the use-scenario description that was
provided on a printed note card and started the task. The
participants were instructed by the facilitator to use the system
asindependently and naturally as possible to reflect actual use
behavior. They were not informed how to compl ete the task or
when to expect error conditions nor were they given any other
information that would bias their realistic interaction with the
system.

The research team observed the participants as they attempted
to carry out the task scenarios and recorded any difficulties or
participant comments, which were revisited with the participant
during a postscenario interview. A data logger observed and
logged participant behavior, user comments, and system activity.
The participant was asked to simulate the ingestion of the
ID-Capsule and the medication that it was intended to track
during the testing. No actual ingestion events occurred during
the test session.

Baumgartner et a

After each use scenario, the research facilitators conducted a
postscenario interview with each participant to analyze any
use-related problems. The participantswere prompted to provide
subjective and candid assessments of any useissues experienced
during the test, their probable causes, and impact.

After al task scenarios were attempted, the participants
completed a postsession debriefing interview with thefacilitator,
where neutrally worded, open-ended questions were posed to
them regarding their experience. The participants were asked
to provide feedback regarding the use, safety, and usability of
the ID-Cap System, as well as the clarity and effectiveness of
user resources containing instructions for its use.

Critical Tasks and Use Scenarios

Thistest protocol was designed to validate the critical usetasks
associated with the ID-Cap System for patient users. The tasks
were sel ected and prioritized using arisk-based analysisto cover
critical tasks, safety-related tasks, frequent tasks, tasks that must
be performed correctly for the device to work as intended, and
key device labeling (Table 1).

The tasks that tested safety mitigations were given the highest
priority; for example, tasks that have the potential to alter
decisions about ID-Capsule ingestion or ingestions of
medicationsthat are taken coincident with, or co-ingested with,
the 1D-Capsule were determined to be the most important to
evaluate. Next on the priority scale weretasksthat enable proper
operation of the system, followed by tasks that occur
infrequently or are provided as a convenience to the user.

Table 1. Critical patient tasks were performed in various scenarios with the test participants, which allowed usability validation and risk assessment

of the critical use tasks associated with the ID-Cap System.

Task ID Task description
PT301 Understand key device labeling for patient users
PTO2 Power on reader before use
PTO3 Set up charging pad and charge reader
PT08 Download and set up app on smartphone
PT09 Pair reader with smartphone
PTO4 View, understand and respond to reader indicator light
PTO5 Wear reader appropriately to record ingestion event
PT06 Ingest | D-Capsule (alone or co-ingested with medication)
PTO7 Wear reader for sufficient time to record ingestion event
PT10 Understand and respond to ingestion confirmations from reader and app
PT11 Understand and respond to reminder notifications from app appropriately; for example, by manually recording an ingestion event that
the reader did not record
PT12 View and understand ingestion history in app:
«  App properly records a detected ingestion event
« Interpret reader-detected ingestions and manually-recorded ingestions
3PT: patient task.

Data Analysis and Reporting

The cross-functional research team members performed a
risk-based review of the human factors validation test results,
including the participants’ subjective assessments of any use
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errors, closecalls, or operational difficultiesthat occurred during
thetest. Final passor fail determination was made based on the
risk-based review of the test results and if further design
modifications were required to mitigate use-related errors.
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The final report summarized the test results, which included
evaluation of the actual versus expected task outcomes,
subjective assessments, any specific use-related problems, and
recommendations for resolution.

Results

Demographics and Baseline Char acteristics

A total of 17 participants met the recruitment criteria and were
enrolled in the validation test, fulfilling the minimum target of

Table 2. Demographic characteristics of the patient user group (N=17).

Baumgartner et a

15 participants from the intended user population of patient
users. The participantsranged in agefrom 27 to 74 years (mean
51 years, SD 13.8 years), and they were heterogeneous in other
demographic factors as well, such as education level,
handedness, and sex (Table 2). Of the 17 participants, 7 (41%)
werewomen, and nearly one-quarter of the participants reported
high school as the highest level of education attained. All
participants reported taking prescription medications by mouth
on aregular basis and using a smartphone. This is consistent
with the expected user population for the ID-Cap System.

Participant ID Age (years) Education Handedness Sex Type of smartphone used
PO1 64 High school graduate Right Mae iPhone 6

P02 50 Professional degree Right Male iPhone 10 R

PO3 44 Master's degree Right Female iPhone 7

P42 41 High school graduate Right Male Samsung Galaxy S10
P05 55 Professional degree Right Male iPhone 6

P06 27 Bachelor’s degree Right Female iPhone 6

PO7 61 Bachelor’s degree Right Female iPhone 8

P08 69 Professiona degree Left Male iPhone 7

P09 39 Bachelor’s degree Right Female Samsung Galaxy S9
P10 40 Bachelor’s degree Right Female iPhone 7

P11 50 High school graduate Right Male Android

P12 74 Bachelor’s degree Right Male LG

P13 33 Professional degree Right Female iPhone XR

P14 74 Bachelor’s degree Right Male iPhone 7

P15 48 Associate degree L eft Male Samsung Galaxy S9
P16 57 Doctorate degree Right Female iPhone 8

P17 49 Some college—no degree L eft Male Samsung S7 Edge

3p04 was a wheel chair-bound quadriplegic person who was accompanied by a caregiver for the test session.

Test Session Results

In thisvalidation study, the participants successfully completed
97.5% (196/201) of the total patient use scenarios with the
ID-Cap System. Of the 12 use scenarios, 9 (75%) were
successfully completed without any failures or use errorsamong
the 17 test participants.

The task scenariosincluded first-time use tasks and repeat-use
tasks, as well as tasks that were only completed on a single
occasion, as appropriate, to represent actual use of the system.
Of note, we found that when use errors did occur, they occurred
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only in thefirst instance and were not repeated. The use errors,
close cdls, and patterns of use difficulties identified in the
testing are reported in Table 3.

The results of the human factors validation test were reviewed
by a cross-functional team that conducted a risk-based review
of each userelated finding. No new use-related risks were
identified in the vaidation test. It was determined that no
modifications of the device or software were required to improve
safety or usability for the intended patient users, uses, and use
environments of the | D-Cap System when operated asindicated
and in amanner consistent with its labeling.
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Table 3. Useerrors, close cals, and patterns of use difficulty encountered within patient scenarios and patient knowledge tasks. Successful completion
rate is the percentage of participants who successfully completed the task among those who attempted it (N=17).

Scenario Title

Successful completion rate, % (number  Summary of use errors, close cals, or use difficulties
of participantswho successfully complet-

ed the task/number of participants who

attempted the task)

P<f01 Set up & confirm reader
isready for use

PS02 Record ingestion event
using the ID-Cap reader:
ID-Capsule alone

PS03 Record ingestion event
using the ID-Cap reader:
Co-ingested ID-Capsule
with medication

PS04 App & reader setup

PS05 Record ingestion event
using the ID-Cap Reader
& App: ID-Capsuleaone

PS06 Charge reader

Pk Po1 Interpreting key indicator
light

100 (17/17) « A few participants had difficulty turning on the reader, but
all were ultimately ableto do so after 1-2 minutes and without
assistance from the test facilitator

88 (15/17) «  Severa participants took the ID-Capsule before putting the
reader on. In each instance, the participants put the reader on
<1 minute after simulating ingestion of the ID-Capsule. Be-
cause of the approximately 30-minute detection window,
these instances would not have resulted in amissed ingestion
event. In subsequent scenarios, all participants remembered
to wear their reader before taking the ID-Capsule

« A participant showed initial difficulty in recognizing thewhite
indicator light; in subsequent scenarios, the participant was
able to recognize the white light without difficulty

«  Another participant had difficulty recognizing thewhiteindi-
cator light and prematurely removed the reader during an in-
gestion event. This participant showed no later difficulties
related to thistask for the remainder of the test session

o Severa participants had difficulty initialy interpreting a
blinking versus steady reader indicator light but had no further
difficulty in the test session

« A participant wore the reader incorrectly with the gold side
of the reader facing away from the body based on instruction
that they thought they had received from the training videos.
After referencing the quick start guide, the participant self-
corrected. The training videos were reviewed, and there was
only mention that the reader should be worn with the gold
side facing the body

100 (17/17) o Some participants placed the reader on the charging pad in
the wrong orientation but self-corrected and used the correct
orientation for the remainder of the test session

100 (17/17) «  Two participantsinitialy had difficulty pairing the reader to
the ID-Cap App because they had not turned on the reader
but self-corrected after consulting the quick start guide. They
were able to complete the scenario successfully

« A participant had difficulty understanding the iOS Bluetooth
pairing request message displayed on their iPhone but was
eventually ableto pair the reader to the ID-Cap App success-
fully

100 (17/17) « A participant showed difficulty in understanding the purpose
and appropriateness of recording a manual ingestion event,
but there is no associated safety risk with this action

100 (17/17) « A participant had difficulty distinguishing the blinking orange
reader indicator light because of possible poor vision and
possible expectancy bias because they stated that they had
expected the video to show agreen blinking light. The partic-
ipant correctly answered the appropriate action to take if the
reader light is blinking orange

82 (14/17) «  Four participantsincorrectly stated that they would place the
reader on the charging pad when the reader indicator light
was red. After being directed to the quick start guide, each
participant was able to understand the meaning of the red
light and stated that they would leave the reader off the
charging pad
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Scenario Title Successful completion rate, % (number  Summary of use errors, close cals, or use difficulties
of participantswho successfully complet-
ed the task/number of participants who
attempted the task)
PSO7 Record ingestionevent 100 (17/17) «  Thesame participant asin PS05 again showed difficulty in
using the | D-Cap Reader understanding the purpose and appropriateness of recording
& App: Co-ingested ID- amanual ingestion event, but there is no associated safety
Capsule with medication risk with this action
PS08 View and interpretinges- 100 (17/17) «  Two participants had difficulty interpreting the meaning of
tion history in app theicon used to represent amanually recorded ingestion event.
After referencing the user guide, both participants were able
to find, and understand the meaning of, the icon
PK02 Respond to ID-Cap App 94 (16/17) o A participant stated that if they could not remember whether
reminders — ID-Capsule they had taken aonce-daily prescribed | D-Capsule, they would
alone take an additional 1D-Capsule because they were confident
about manually entering the information if the reader did not
record the event and because there was no possibility that
they would forget. In the following scenario, where the ID-
Capsulewastaken with amedication, they indicated that they
would NOT take a second one and instead contact their
physician
PKO03 Respond to ID-Cap App 100 (16/16)° « None
reminders — Co-ingested
ID-Capsulewith medica-
tion
PK04 Understand key labeling  10g (15/15)° « None

related to the system

8pS:; patient scenario.
bpK : patient knowledge.

“Time constraints prevented 2 participants from completing use scenarios PK 03 or PK04.

Participant Feedback

The participants grasped the potential value of the system in
helping them track and report medication adherence and could
see the benefits to people who take medications regularly
(including themselves). Many commented on the simplicity and
ease of use of the system and liked the training and user
resourcesthat were provided, especially thetraining videos and
quick start guides.

The participants, in general, conceptually understood that they
should always take their medication as prescribed, supporting
the intended role of the system as an adjunct tracking system
that does not replace or change physician instructions. Of the
16 participants who answered the postsession interview
questions (1 participant did not complete the postsession
interview), 16 (100%) stated that they felt that they could use
the system effectively and safely to record and track ingestion
eventsand 16 (100%) reported that they believed that the system
issafeto use asis (Textbox 1).

Textbox 1. Selected patient verbatim quotes reflective of overall participant feedback.

Relevant quotes from patient users

« “lthinkit'sarealy great ideafor people who have issues with remembering medications and for MDs tracking how they’re doing with taking

those medications.” [PO3]

o “Pretty dlick! Pretty minimalist, which is good for the target audience. Very easy. One button [on reader] is good. Easy to use, easy to set up.

Not alot to do. Seems very user friendly.” [P09]

« “It'satool. For people that have to take alot of meds, it isagood tool. | can see the value if it communicatesto a provider.” [P15]

. “It'ssimpleto use. If everything'sworking correctly, it meetsits intended purpose. The videos and instructions are very good. | had no problems

trying to figure it out and follow the process.” [PO5]

. “Havingtest drivenit, | have confidenceinit. That equates [to] safe use.” [P0O5]
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Discussion

Principal Findings

The patient’s voice has become an important onein health care.
Patientsareincreasingly involved in decisions about their health
and medical treatment, and they have become sophisticated
health care technol ogy userswho understand the value of digital
platforms and are eager to use them.

Certainly, the value of the ID-Cap System and other remotely
deployed digital health solutions depends on the willingness of
patients to engage with them and the ability of patient usersto
effectively, safely, and conveniently incorporate them into
everyday lifewith minimal training and oversight. The US Food
and Drug Administration requires human factors validation
testing of digital pill systems and many other medical devices
to ensure safety and effectivenessfor adevice'susers, uses, and
intended use environments [20].

The results of this human factors validation study show that a
representative group of patient users successfully completed
the critical and safety-related use tasks necessary for optimal
use of the system independently, after receiving training that
was followed by a period of training decay. Although the
participants were representative of a diverse group of potential
patient users who regularly take oral prescription medications,
thesample sizeinthisstudy waslimited. The participantsranged
in age from 27 to 74 years (mean 51 years, SD 13.8 years), and
they were heterogeneous in other demographic factors aswell,
such aseducation level (3/17, 18% reported high school graduate
as highest education level), handedness (3/17, 18% were
left-handed), and sex (7/17, 41% were women). This study was
neither designed nor powered to evaluate differencesin usability
based on demographic factors, medical history, or medication
use. It isimportant to note that nearly every screened participant,
regardless of age or education level, agreed to participatein this
study after receiving information about the digital pill system
and successfully completed the use tasks, showing that patient
users of all types adapted well to a novel digita pill system.
Use errors, when they did occur, occurred only in the first
instance for tasks that are repeated with use, indicating that the
participants learned to use the ID-Cap System rapidly—a
positive prognosticator for real-world use. Most patients
expressed satisfaction with the ID-Cap System and responded
favorably to questions about the ease of use and the perceived
value of the system.

Prior iterations of digital pill systemsused a patch-based reader
that adhered to the patient’s skin. Clinical evaluations of the
patch-based form factor indicated significant limitations from
the patient user’s perspective with respect to tolerability and
usability [17,21]. The ID-Cap System that was tested uses a
reader on a lanyard. The patient users found this reader to be
easy to use and acceptable in its current form. A wrist-worn
reader that may be worn like a watch or may be attached or
integrated into the user's existing watch or smartwatch is
currently being evaluated. Patients are not only adjusting to new
therapeutic regimens but aso working to develop new
medication-taking behaviors and to adopt support tools and
programs that will help them to be successful. Readersthat are
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unobtrusive and can be easily incorporated into daily life will
be most readily accepted [18].

The limitations of our study include the fact that this was a
simulated use of the ID-Cap System and did not include the
actual taking of medication for adherence tracking. The
participants reported taking prescription medications by mouth
on aregular basis. However, they were not asked to use the
digital pill systeminthisstudy to actually track and record their
own medication use in the same way that patient users would
useitinthereal world.

In most clinical applications, patient userswould usethe system
chronically over extended periods of time. This validation test
was limited to only a few simulated ingestion events and did
not evaluate use over time. Certainly, there may be specific
patient populations, medical conditions, or treatment-related
effects that would affect the usability of the ID-Cap System.
This study evaluated the general operation of the device across
adiverse group of patient userswith different health conditions
and varied medication history. Use-related risks should be
assessed when the deviceisapplied to specific clinical situations
and patient populations to ensure continued safe and effective
use from a human factors perspective. Digital pill systems may
be incorrectly used or misused by patients in clinical trials or
in clinical practice; however, these aspects of use and failure
modeswere not specifically explored in thisstudy. Risk analyses
have been conducted by the device manufacturer to examine
and mitigate risksto patients and device performance associated
with device use and misuse.

The availability of a call center or additional supporting
resources during the use of the device may assist patients, as
would engagement with their health care provider. These
resourceswere not evaluated in thistest protocol. Patient support
programs and data-driven interventions offered by the careteam
members, research personnel, or device manufacturer may be
beneficial for the use of the ID-Cap Systemin clinical practice
and clinical research. Continued efforts to educate clinicians
and patients alike regarding the value of the information
provided by the system and proper use of the system will further
enhance its adoption. In addition, integration of the ID-Cap
System into existing care models, electronic health records, and
clinical data management systemsis being explored.

There is great potential for digital pill systems such as the
ID-Cap System to contribute to the efficiency and ultimate
successof clinical trial programs. For example, digital pillsmay
be used to assess the likelihood of adherent behavior among
prospective trial participants. Once a trial has started, digital
pills can identify patient nonadherence and changesin patterns
of use early, enabling rapid intervention and course correction.
Dose-finding studiesfor self-administered oral medicationsare
another ideal application for digital pills because their results
and outcomes are dependent on (1) human behavior asit relates
to medication taking and (2) the quality of adherence
measurement to optimize drug exposure and dosing decisions.
Therobustness of the adherence data collected with digital pills
provides an added level of reassurance that the efficacy and
safety results of pivotal drug development trials eventually
reported are accurate. The inconsistency of medication
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adherence reporting within clinical trialshasled to the creation
of guidelinesfor researchersand trial sponsorson theinclusion
and implementation of adherence measures in study protocols
[12-14,22].
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safety data support the use of digital pills with >140,000
ingestions recorded in >1000 patients who have used these
devices safely and effectively [23]. In this human factors
validation study, the patient users demonstrated the ability to

rapidly learn how to use the ID-Cap System and to safely and
effectively use the system as intended. The patient users
concluded that the device was easy to use and had the potential
to be a useful tool for helping to manage their medications. As
health care continuesto evol ve toward remote care delivery and
digital health solutions become ubiquitous, systems such asthe
ID-Cap System that are easy to use, accepted by patients, and
valuable in achieving health outcomes will be indispensable.

Conclusions

The extent of medication adherence, both in clinical useandin
clinical trials, is acontrollable factor important for therapeutic
success and drug development. The pursuit of a solution to the
widespread problem of medication nonadherence has led to
digital pill systems, which have shown strong performance and
ahigh rate of accuracy. Currently, >15 years of experience and
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Abstract

Background: In the face of hospital capacity strain, hospitals have devel oped multifaceted plans to try to improve patient flow.
Many of these initiatives have focused on the timing of discharges and on lowering lengths of stay, and they have met with
variable success. We deployed a novel tool in the electronic health record to enhance discharge communication.

Objective: Theam of this study isto evaluate the effectiveness of a discharge communication tool.

Methods: Thiswas a prospective, single-center, pre-post study. Hospitalist physicians and advanced practice providers (APPS)
used the Discharge Today Tool to update patient discharge readiness every morning and at any time the patient status changed
throughout the day. Primary outcomes were tool use, time of day the clinician entered the discharge order, time of day the patient
left the hospital, and hospital length of stay. We used linear mixed modeling and generalized linear mixed modeling, with team
and discharging provider included in all the modelsto account for patients cared for by the same team and the same provider.

Results. During the pilot implementation period from March 5, 2019, to July 31, 2019, atotal of 4707 patients were discharged
(compared with 4558 patients discharged during the preimplementation period). A total of 352 clinical staff had used the tool,
and 84.85% (3994/4707) of the patients during the pilot period had a discharge status assigned at least once. In a survey, most
respondents reported that the tool was helpful (32/34, 94% of clinical staff) and either saved time or did not add additional time
to their workflow (21/24, 88% of providers, and 34/34, 100% of clinical staff). Although improvements were not observed in
either unadjusted or adjusted analyses, after including starting morning census per team as an effect modifier, therewas areduction
in the time of day the discharge order was entered into the el ectronic health record by the discharging physician and in the time
of day the patient left the hospital (decrease of 2.9 minutes per additional patient, P=.07, and 3 minutes per additional patient,
P=.07, respectively). As an effect modifier, for teams that included an APP, there was a significant reduction in the time of day
the patient left the hospital beyond the reduction seen for teams without an APP (decrease of 19.1 minutes per patient, P=.04).
Finally, in the adjusted analysis, hospital length of stay decreased by an average of 3.7% (P=.06).

Conclusions: The Discharge Today tool allows for real time documentation and sharing of discharge status. Our results suggest
an overall positive response by care team members and that the tool may be useful for improving discharge time and length of
stay if ateam is staffed with an APP or in higher-census situations.
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Introduction

Hospitals around the country, in particular tertiary and
guaternary referral centers, can face bottlenecks and capacity
issues[1-3]. Successful management of capacity and throughput
by hospitals alows increased access for patients who need a
higher level of care and expertise [1-4]. Delayed discharge of
hospitalized patients can impede the flow of patientsthroughout
ahospital [1,3,5-8], resulting in delaysin carefor patients being
admitted [9,10] and adverse events, including medication errors
[11,12], infections[13], and increased mortality [13-16]. Delays
in discharge are associated with both increased lengths of stay
and costs [2,17-19].

The commonly used discharge communication workflows often
hinder efficient, timely discharge[20]. Many hospitals document
an expected date of discharge at the time of admission, and
triaging of work is based on this information documented very
early in the patient admission process, however, patient
condition changes freguently throughout hospitalization [21].
Clinicians, nurses, care management, pharmacy, and other team
members often meet midmorning or in the afternoon each day
to discuss discharge needs for hospitalized patients; however,
minimal communication occurs before these meetingsor in real
time; in addition, these meetings do not integrate well into
workflows [22]. The lack of communication early in the day,
before rounding on patients, delays discharge communication
and, ultimately, patient discharge. Earlier discharge, by aslittle
as 1 hour, has been shown to alleviate hospital crowding, reduce
access blocking, and improve patient flow [23,24].

Typical workflows rely on processes implemented outside of
the electronic health record (EHR), such as meetings, paging,
and telephone calls, which are inadequate for efficient discharge
communication and frequently interrupt patient care [25,26].
Health information technology solutions most often described
in the literature include passive communication tools, such as
electronic patient journey boards, hospital capacity dashboards,
asynchronous electronic reports, and discharge checklists
[4,27-34], or health information technology tools that reside
outside of the EHR [35,36]. Even commonly used tools within
the EHR, such as messaging or conditional discharge orders,
do not provide real time, integrated communications despite
being a function of an EHR [37,38].

To address these deficits, we developed a novel EHR tool to
facilitate communication in real time between hospitalists and
other clinicians and care team members about discharge

https://humanfactors.jmir.org/2021/4/e27568

readiness and barriers to discharge. We evaluated whether the
use of thistool was associated with improvementsin discharge
order time, discharge time, and length of stay. In addition, we
evaluated whether this tool worked differently under different
conditions, such as high-census days or when an advanced
practice provider (APP) was assigned to a patient team. Finally,
we evaluated whether the effects of this tool persisted after
formal stakeholder engagement efforts waned.

Methods

Tool Development

Using multiple user-centered design strategies [39-42], the
Discharge Today Tool was iteratively developed from July 1,
2018, to July 31, 2019, and deployed to hospitalists and other
clinical staff on March 5, 2019. This tool was designed to
integrate with customizable EHR patient worklists used by most
clinicians and staff members providing clinical care to
hospitalized patients (Figure 1).

In the provider view, hospitalists may access the Discharge
Today tool via the D/C Today? Primary column in their EHR
patient list. Using this tool, hospitalists may document patient
discharge readiness (definite today, possible today, tomorrow,
in 24to 48 hours, or in more than 48 hours) and if the hospitalist
iswaiting on any final care before the patient can be discharged.
Viathe partner view, the data collected by the Discharge Today
tool is shared with ancillary and consulting clinicians in the
Single—D/C Today—What are you waiting on?—Ancillary
and the Single—D/C Today—What are you waiting
on?—Consultant columns in their EHR patient worklists. The
definitions for the discharge readiness statuses are as follows:
Definite-very high probability that the patient will be discharged
today unless there are unexpected changes during the day. For
example, if you have a patient who is clinicaly ready for
discharge but needs home oxygen set up, this patient would be
considered a definite discharge, awaiting respiratory therapy.
Possible-some probability that the patient could be discharged
today. For example, if you have a patient with complex health
conditionswaiting for subacute nursing facility placement, this
patient would be considered a possible discharge, awaiting
placement. Tomorrow: very likely that the patient could be
discharged tomorrow. In 24-48 hours: the patient is not going
home today but will likely be discharged in the next 24 to 48
hours; >48 hours: very unlikely that the patient would be
discharged within the next 48 hours.
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Figure 1. The Discharge Today tool (demo only, no protected health information).

Provider view

Patient Name/Age/Gender | Patient Location | Attending Service D/C Today? Primary
Schmo, Joe/45/M Med/Surg Unit | Test, Doctor MD | Medicine -7
Smith, Jane/60/F Med/Surg Unit | Test, Doctor MD | Medicine | Definite

Miller, Pete/54/M Med/Surg Unit | Test, Doctor MD | Medicine | Possible

Rodriguez, Mary/35/F Med/Surg Unit | Test, Doctor MD | Medicine -

Adams, John/71/M Med/Surg Unit | Test, Doctor MD | Medicine | Tomorrow

Baker, Sue/48/F Med/Surg Unit Test, Doctor MD | Medicine | In 24-48 hours

Discharge Today Tool

Patient Discharge Today?

m Possible || Tomorrow || In 24-48 hours | >48 hours

Before 11 AM  Before 2PM  After 2 PM

are you GMT DME Echo IR PICC Line placement Pharmacy EUGIUCIeER PT OT Speech Dialysis

Follow-up Appointment

Medical Improvement

Placement

Test Results (Lab, Radiclogy)

Social Work/Care Management  Transportation

Wound Care

are (&1L LIGL Endocrine Gl Gl therapeutics Hematology 1D Consult Oncology Pulmonary Renal

Rheumatology Other consultant not listed

Partner view

Single - D/C Today F/U

Single - D/C Today - What
are you waiting on? -

Single - D/C Today -
What are you waiting

Service Location Ancillary/Consultant Ancillary - Consultant
1206/01
Medicine 1 In 24-48 hours; 8/16/2020 1946
ey 0337/01 Social Work/Care
Management
0760/01 )
Acute Care Elderly-1 Definite; 8/16/2020 1947 Pharmacy
1205/02
Hospitalist-HMS 1 >48 hours; 8/16/2020 1947
0317/01
Acute Care Elderly-1 Tomorrow; 8/16/2020 1947 Renal

Hospitalists caring for the patients are able to easily document
discharge readiness (definite today, possible today, tomorrow,
in 24-48 hours, or in >48 hours) [21] and whether the hospitalist
iswaiting on any final care before the patient can be discharged.
The data collected by the Discharge Today tool are also
disseminated via EHR patient worklists, which are EHR-based
reports designed to summarize patient care for clinicians using
the EHR, and via an automatic paging functionality directly
from the EHR. Details can be found in our study describing

https://humanfactors,jmir.org/2021/4/e27568
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stakehol der engagement and the user-centered design approaches
applied [43].

Addressing communication challenges by improving the
efficiency and accuracy of communication may reduce
inefficiencies and errors in health care, including during the
discharge process. The Discharge Today tool fosters flexibility
and agility in communication, including asynchronous
communication, feedback loop capabilities, different
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functionalities according to user role, and alowing for both
formal and informal communication.

Study Design

This study was conducted as a prospective, single-center,
guasi-experimental, pre-post study designed to evaluate the
effectiveness of the Discharge Today tool. The study was
approved by the Colorado Multiple institutional review board
as a quality improvement project and funded by a small pilot
grant.

Setting
This study was conducted at the University of Colorado

Hospital, a 678-bed tertiary care center with approximately
12,000 medicine discharges per year.

Inclusion and Exclusion Criteria

Hospitalist physicians and APPs were trained as they started
on service and asked to use the Discharge Today tool every day
that they were on servicewith al patients assigned to their team.
Clinicians were asked to update patient discharge readiness
statuses first thing in the morning and throughout the day as
discharge readiness and needs evolved. Patients who were
expected to be discharged >48 hours out only needed an update
every 3 days as the tool would automatically unpopulate the
patient status if unchanged after 3 days to ensure the most
accurate and up-to-dateinformation. Cliniciansreceived asmall
incentive for participation (ie, coffee or other small tokens of
gratitude that were funded by the small grant).

Table 1. Definitions.

Keniston et d

Patients were enrolled in this study as part of their regular
hospitalizationif they presented during the study period. Patients
already in the hospital at the start of the pilot implementation
period (March 5, 2019, to July 31, 2019) were excluded from
the analysis. Patients admitted on or after March 5, 2019, and
discharged on or before July 31, 2019, were assigned to the
pilot implementation period.

Data Collection

All patient-level clinical and quality outcomes data queried
from the hospital EHR data warehouse were collected as part
of their hospitalization process. We queried datafrom the EHR
data warehouse for any patient admitted to the hospital and
assigned to a hospital medicine service during the
preimplementation period (October 1, 2018, to March 4, 2019),
the pilot implementation period (March 5, 2019, to July 31,
2019), and the postimpl ementation maintenance period (August
1, 2019, to December 31, 2019).

To assess adoption, we documented the number of users who
added the tool to their patient worklists within the EHR. To
assess both reach and implementation, we queried each time
datawere entered into thetool by aclinician, including discharge
readiness status, when patients assigned a definite discharge
status would be ready to be discharged, and what ancillary
services or tasks might be needed, such asrehabilitation services,
respiratory therapy, pharmacy, socia work, care management,
medical improvement, or consultant services (Table 1).

Variable Definition Type Level

Discharge order time The time of day the physician entered a discharge order for apatientinto ~ Outcome Patient encounter
the electronic health record

Discharge time The time of day the patient |eft the hospital after being discharged Outcome Patient encounter

Length of stay The duration, in hours, between admission to the hospital and discharge Outcome Patient encounter
from the hospital

Team assignment The team to which the patient was assigned when they were discharged Random effect Team
from the hospital

Physician The physician who discharged the patient Random effect Physician

Type of patient Patients admitted for inpatient hospitalization or patients admitted for obser-  Confounder Patient encounter
vation

Charlson Comorbidity Index A measure of patient acuity based on patient age and discharge diagnosis ~ Confounder Patient encounter
ICD-10? codes assigned after discharge

Discharge to postacute care  Discharge to a setting other than home, including skilled nursing facilities, Confounder Patient encounter
hospice, and long-term care

Teaching service Teams that are staffed with amedical student or resident Confounder Team

Staffed with an APP° Teams that are staffed with a physician and an APP Confounder Team

Starting morning census The number of patients assigned to ateam at 7 AM each morning Confounder Team

% CD-10: International Classification of Diseases, 10th Revision.
bAPP: advanced practice provider.

Surveys were conducted using REDCap (Research Electronic
Data Capture)—a secure, web-based application for building
and managing web-based surveys and databases [44]—to
evaluate the usability of and experience with hospital medicine
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physicians, APPs, nurses, care management, and other clinical
staff during the pilot implementation period. The complete
survey results are reported in astudy describing the stakeholder
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engagement and user-centered design approachesthat we applied
[43].

Outcomes

Primary outcomes for assessing the effectiveness of this tool
were (1) time of day the physician entered the discharge order,
(2) time of day the patient left the hospital, and (3) hospital
length of stay. Secondary outcomes were (1) proportion of
patients for whom adischarge order was entered before 11 AM
and (2) proportion of patients discharged before 11 AM, both
metrics commonly used to evaluate patient flow. We aso
queried our data warehouse for the type of patient (inpatient or
observation patient), Charlson Comorbidity Index, type of team
(physician alone, physician with APP, physician with resident,
or physician with APP and resident), proportion of daysin the
hospital that discharge status was documented for each patient
(0%-25%, 25%-50%, 50%-75%, or >75%), and the number of
patients assigned to ateam at 7 AM (starting morning census).

Study Size

On the basis of the original planned interrupted time series
design, to maximizefeasibility against ssmplesize, weallowed
for approximately 20 weeks of data collection during each
period; that is patients discharged during the preintervention
period, patients discharged during the pilot intervention period,
and patients discharged during the postintervention period. On
the basis of data from 2017, we anticipated an average of
approximately 140 discharges per week. However, to account
for clustering within providers and teams, the analysis shifted
to a mixed modeling approach. Although no post hoc power
analysiswas conducted, >4000 patients were discharged in each
time period.

Data Analysis

We estimated means and SDs for continuous variables when
approximately normally distributed (as assessed by visual
inspection of histograms), medians and 1QRs when not, and
frequenciesfor categorical variables. Descriptive statisticswere
computed for patient, clinician, and team characteristics.

Patient-level, clinician-level, and team-level covariates,
hypothesized a priori to be associated with the time of discharge
order, time of discharge, and hospital length of stay, were
included in multivariable analyses. Models for discharge order
time, actual discharge time, and hospital length of stay were
adjusted for (1) type of patient, (2) Charlson Comorbidity Index,
(3) teaching service, (4) staffed with an APP, (5) discharge to
postacute care, (6) starting morning census per team, (7) team,
and (8) physician (Table 1). The discharge order time and
discharge time models were al so adjusted for hospital length of
stay.

We used linear mixed modeling for the analysis of the time of
day the hospitalist physician entered the discharge order into
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the EHR, the time of day the patient left the hospital, and the
hospital length of stay. We converted time to hours elapsed
since midnight on a24-hour clock for modeling. For our binary
outcomes, specifically, whether a discharge order was entered
before 11 AM and whether a patient was discharged before 11
AM, ageneralized linear mixed model with logit link function
and binary response distribution was used. The intervention
period, that is preimplementation and pilot implementation, was
the independent variable of interest. Team and discharging
physicians were included as random effects in all models to
account for correlation between patients cared for by the same
team and the same physician. Given that hospital length of stay
isright skewed, this variable was log-transformed to facilitate
regression analysis. We reported arelative difference in hospital
length of stay by exponentiating the coefficient, subtracting 1,
and expressing the result as a percentage [45].

Secondary analyses were performed to determine whether
potential effect modification was supported by the data. We
hypothesized that the Discharge Today tool would help
hospitalist physicians with a high number of patients on their
team triage work and enter discharge orders more quickly. To
test this hypothesis, we included an interaction term between
the team starting morning census and intervention period,
allowing for theintervention’s effect to depend on daily patient
volume[21,46]. We also hypothesi zed that the Discharge Today
tool might be more effective for teams staffed with an APP,
allowing teams to triage and divide work more efficiently
[47-49]. Totest thishypothesis, we included an interaction term
between whether a team was staffed with an APP and
intervention period, allowing the intervention’s effect to depend
on the presence of an APP.

Patients with missing data on any variables necessary for a
specific analysiswere excluded from that analysis. All statistical
analyseswere performed using SASEnterprise Guide 8.1 (SAS
Ingtitute Inc).

Results

Use of the Discharge Today Tool

During the preimplementation period—October 1, 2018, to
March 4, 2019—4558 patients were discharged from 1 of 18
hospital medicine teams at the University of Colorado Hospital
by 57 hospitaist physicians (Table 2). During the pilot
implementation period—March 5, 2019, to July 31, 2019—4707
patients were discharged from 1 of 18 teams by 62 hospitalist
physicians.

During the implementation period, 84.85% of the patients
discharged were assigned a discharge status. The most common
barriers identified were medical improvement, placement,
subspecialty consults, physical therapy, and social work or care
management (Table 3).
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Table 2. Characteristics of teams, clinicians, and patients by project period.
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Characteristics Preimplementation (N=4558)

Pilot implementation (N=4707)

Team type, n (%)?

With APPP 2031 (44.56)
Without APP 2527 (55.44)
Teaching 2689 (59.00)
Nonteaching 1869 (41.00)
Discharges per team, mean (SD) 239.9 (115.8)
Morning census per team, mean (SD) 10.6 (2.6)
Unique physicians, n (%) 57 (1.25)
Discharges per physician, mean (SD) 72.2 (43.7)

Patient type, n (%)

Inpatient 3532 (77.49)
Observation patient 1004 (22.03)
Missing 22 (0.48)

Discharge disposition, n (%)

Home 3927 (86.16)
Postacute care setting 557 (12.22)
Other 62 (1.36)
In-hospital death 12 (0.26)
Charlson Comorbidity Index, median (IQR) 2(1-3)

Proportion of daysin the hospital a Discharge Today tool status was documented for each patient, n (%)

2046 (43.47)

2661 (56.53)
2724 (57.87)
1983 (42.13)
247.7 (118.7)
10.7 (2.5)
62 (1.32)
69.1 (46.9)

3764 (79.97)
919 (19.52)
24 (0.51)

4060 (86.25)
583 (12.39)
56 (1.19)
8(0.17)
2(1-3)

0%-25% of hospital stay N/AC 401 (8.52)
26%-50% of hospital stay N/A 1051 (22.33)
51%-75% of hospital stay N/A 798 (16.95)
>75% of hospital stay N/A 1253 (26.62)
Missing N/A 1204 (25.58)
#Teams may fall into more than one category; therefore, the total is >100%.
bAPP: advanced practice provider.
°NJ/A: not applicable.
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Table 3. Discharge Today tool use.

Characteristics Pilot implementation, n (%)

Discharging hospital medicine physicians (n=56)

Used tool ever 46 (82)

Used tool never 10 (18)

Used always 16 (29)

Patients discharged from a hospital medicine service (n =4707)

Patients ever assigned a discharge status 3994 (84.85)
Ever definite 2087 (52.25)
Ever possible 2209 (55.31)
Ever tomorrow N/AZ
Ever in 24-48 hours 1607 (40.24)
Ever >48 hours 2771 (69.38)
Of the patients ever assigned a discharge status, those with barriers identified 2133 (53.41)

Number of barriersidentified (n =4059)

Medical improvement 1812 (44.64)
Placement 532 (13.11)
Subspecialty consults 365 (8.99)
prP 334(8.23)
Socia work or care management 344 (8.48)
ore 158 (3.89)
RTY or home oxygen 159 (3.92)
Transportation 78 (1.92)
Test results (laboratory and radiol ogy) 1(0.02)
Follow-up appointment 69 (1.70)
IRE 66 (1.63)
Echo 30(0.74)
Dialysis 36 (0.89)
oM 26 (0.64)
Speech 19 (0.47)
PICCY line placement 10(0.29)
Pharmacy 13(0.32)
DME" 7(0.17)
Wound care 0(0)

Discharge Today tool users (n=352)

Registered nurse 71 (20.2)
Resident 67 (19.0)
Physician 56 (15.9)
Physical therapist 31(8.8)
Physician assistant 27 (7.7)
Medical student 20(5.7)
Case manager 18(5.1)
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Characteristics

Pilot implementation, n (%)

Nurse practitioner
Occupational therapist
Social worker

Care coordinator

Patient resident liaison
Fellow

Pharmacist

Physical therapy student
Respiratory therapist
Speech or language pathologist
Student nurse

Clinical nurse specialist
Technician

Certified nursing assistant

15 (4.3)
12 (3.4)
9(2.6)
5(1.4)
4(12)
3(0.9)
3(0.9)
3(0.9)
2(0.6)
2(0.6)
1(0.3)
1(0.3)
1(0.3)
1(0.3)

8N/A: not applicable.

bpT: physical therapy.

COT: occupational therapy.

9RT: respiratory therapy.

€IR: interventional radiology.

foMmT: glucose management team

9PICC: peripherally inserted central catheter.
PDME: durable medical equipment.

Of the 56 hospitalists who discharged a patient during the pilot
implementation period, 46 (82%) used the tool for patients
gned to their teams. During the pilot implementation period,
352 users, including physicians, APPs, residents and medical
students, nurses, physical and occupational therapists, care
managers and social workers, and pharmacists, added the tool
to their patient worklists. Of these users, 86% (48/56) of
hospitalist physicians and 88% (29/33) of hospitalist APPs
added the tool to their EHR patient lists. Physicians, APPs,
residents, and medical students added the primary column in
which they entered a discharge readiness status daily, and other
clinical staff, including nurses, physical and occupational
therapists, care managers and socia workers, and pharmacists,
added the read-only columns where the discharge readiness
status entered by providers can be viewed. In addition, in some
cases, the tool was added to shared patient worklists, which
meant that >352 clinical staff were using the tool.

Hospital medicine physicians, APPs, nurses, care management,
and other clinical staff reported in a survey conducted during
the pilot implementation period that the tool did not adversely
affect their workflow (21/24, 88% of the providers, and 34/34,
100% of clinical staff) and was helpful for managing the patient
discharge process (32/34, 94% of clinical staff).

Effectiveness of the Discharge Today Taool

In both unadjusted effectiveness analysis and after adjusting
for prespecified confounders, we did not find a significant
reduction in the time of day the discharge order was entered
into the EHR by the discharging physician during the pilot

https://humanfactors.jmir.org/2021/4/e27568

implementation period compared with the preimplementation
period (Table 4).

In the secondary analyses for effect modification, we observed
an interaction effect between intervention period and starting
morning census (P=.07; Figure 2).

The time of day the discharge order was entered into the EHR
by the discharging physician varied according to the number of
patients assigned to ateam at 7 AM each morning in the pilot
implementation period compared with the preimplementation
period.

Specifically, the time of day the discharge order was entered
into the EHR by the discharging physician decreased by an
additional 2.9 minutes per patient for every 1-patient increase
in morning census during the pilot implementation period
compared with each 1-patient increasein morning censusduring
the preimplementation period. However, we did not find any
evidence of effect modification for the intervention by the
presence of an APP (Table 4).

Although in unadjusted and adjusted analyses the time of day
the patients | eft the hospital for the pilot implementation period
compared with the preimplementation period did not change
significantly, we found, in secondary analyses conducted to
investigate effect modification, that the average time of day the
patients left the hospital decreased for every 1-patient increase
in morning census for a given team during the
preimplementation period compared with the pilot
implementation period by 3.0 minutes (P=.07; Figure 3).
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Table 4. Discharge Today tool effectiveness modeling by project period.
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Characteristics

Discharge order

Discharge time,

Length of stay in

Discharge order be-

Discharge before 11

time, mean (SD)®  mean (SD)? hours, median (IQR)® fore 1AM, n (%)  AMS, n (%)
Preimplementation (N=4114)  12:40 (2:38) 14:41 (2:46) 75 (47-138) 1125 (27.35) 382 (9.29)
Pilot implementation (N=4285)  12:45 (2:33) 14:44 (2:43) 76 (46-139) 1103 (25.74) 367 (8.56)
Unadjusted results
95% ClI 51(-3.8t0141) 21(-6.6t0109) 19(-6t02.3) 0.94 (0.83t0 1.1) 0.91 (0.77 to 1.1)
P vaue .26 .63 37 .35 .26
Adjusted results
95% Cl 6.8(22t015.8) 4.0(-52t013.2) 3.7(-7.4100.1) 0.92 (0.81t0 1.0) 0.90 (0.76to 1.1)
P vaue 14 .39 .06 .19 .22
Starting morning census
95% ClI —29(-59t00.2) -3.0(-62t0-02) 03(-1.7to1.1) 1.0(0.97to 1.1) 1.1(0.98t0 1.1)
P vaue .07 .07 .66 .66 .16
Staffed with an APP
95% Cl —92(27.1t086) -10.1(-37t0-09) 4.7(-11.9t03.1) 1.1(0.84t0 1.4) 1.4 (0.99t0 2.0)
P vaue 31 .04 .23 .53 .06

&\l ean difference (in minutes) calcul ated.
bMean percentage decrease cal cul ated.

%Odds ratio calculated.

4APP: advanced practice provider.

Figure?2. Discharge order time: interaction between team starting morning census and intervention period (preimplementation vs pilot implementation).
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Figure 3. Discharge time: interaction between team starting morning census and intervention period (preimplementation vs pilot implementation).
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The time of day the patient left the hospital after being
discharged varied according to the number of patients assigned
to ateam a 7 AM each morning in the pilot implementation
period compared with the preimplementation period.

In addition, the average time of day the patients|eft the hospital
decreased for teams staffed with an APP during the
preimplementation period compared with the pilot
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implementation period by 19.1 minutes (P=.04; Table4; Figure
4).

The time of day the patient left the hospital after being
discharged varied according to whether ateam was staffed with
an advanced practice provider in the pilot implementation period
compared with the preimplementation period.
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Figure 4. Discharge time: interaction between team staffed with an advanced practice provider and intervention period (preimplementation vs pilot

implementation).
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In the unadjusted analysis, hospital length of stay did not change
significantly. After adjusting for prespecified confounders, we
observed atrend toward reduction in hospital length of stay for
the pilot implementation period compared with the
preimplementation period (decrease of 3.7%; P=.06). We did
not observe significant changes in the length of stay from
preimplementation to pilot implementation under different
conditions, such as high-census days or presence of an APP on
a patient team; that is, no significant interactions between the
intervention period and these variables were detected (Table
4).

Neither of the secondary outcomes—proportion of patients for
whom a discharge order was entered before 11 AM and
proportion of patients discharged before 11 AM—uwas found
to significantly improve after introduction of the Discharge
Today tool in unadjusted analysis, after adjusting for
prespecified covariates, or under different conditions (Table 4).
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To test whether the effects of thistool persisted in amaintenance
period during which stakeholder engagement efforts were
curtailed, we compared the outcomes of the pilot implementation
period with those of the postimplementation period using mixed
effectsmodels (Table 5). Adjusting for prespecified covariates,
we observed a significant reduction in the time of day the
discharge order was entered into the EHR for teams staffed with
an APP during the postimplementation period compared with
teams staffed with an APP during the pilot implementation
period (an average decrease of 20.1 minutes per patient (95%
Cl —=36.1 minutes to —4.0 minutes; P=.01; Figure 5).

The time of day the discharge order was entered into the EHR
by the discharging physician varied according to whether ateam
was staffed with an advanced practice provider in the
postimplementation (maintenance) period compared with the
pilot implementation period.

However, no other outcomes improved significantly from the
pilot implementation period to the postimplementation period.
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Table 5. Discharge Today tool effectiveness modeling comparing pilot implementation and postimplementation periods.
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Characteristics

Discharge order

Discharge time?,

Length of stay in

Discharge order be-

Discharge before 11

time®, mean (SD)  mean (SD) hours”, median (IQR) fore 1AM, n (%)  AMS, n (%)
Pilot implementation (N=4285)  12:45 (2:33) 14:44 (2:43) 76 (46-139) 1103 (25.74) 367 (8.56)
Postimplementation (N=4255)  12:56 (2:29) 14:53 (2:38) 79 (47-142) 924 (21.72) 327 (7.69)
Unadjusted results
95% CI 11(3.1t018.9) 9.8(2.0t0 17.6) 4.9(0.1t09.9) 0.80 (0.70t0 0.91) 0.89(0.74t0 1.1)
P vaue .01 .01 .04 .001 2
Adjusted results
95% Cl 11 (2.81019.1) 101(20t018.1) 5.3(1L1t09.7) 0.81(0.71100.92)  0.87(0.72t0 1.1)
P vaue .01 .01 .01 .002 14
Starting morning census
95% CI -0.1(-3.0t02.8) 0.1(-29t03.1) 19(0.5t03.4) 0.99 (0.95t0 1.0) 0.98(0.92t0 1.1)
P vaue .96 .95 .01 75 .63
Staffed with an APP
95% Cl —201(-36.1t0-4.0) —11.7 (-27.6t04.3) 1.9(-6.2t010.7) 1.3(1.0,1.7) 1.25 (0.86 t0 1.8)
P vaue .01 15 .66 .05 .25

&\l ean difference (in minutes) calcul ated.
bMean percentage decrease cal cul ated.
fOdds ratio calculated.

4APP: advanced practice provider.

Figure 5. Discharge order time: interaction between team staffed with an advanced practice provider and intervention period (pilot implementation vs
postimplementation).
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Discussion

Principal Findings
The important findings of thiswork are as follows:

1. There was considerable uptake and use of the Discharge
Today tool for the duration of the study period, with most
clinicians adding it to their patient lists in the EHR and
providing discharge updates for most patients.

2. The surveyed providers and clinical staff reported that the
tool was efficient to use, did not adversely affect their
workflow, and was helpful for patient discharge
management.

3. After adding teams staffed with an APP as an effect
modifier, for teams that included an APP, there was a
significant reduction in the time of day the patient left the
hospital beyond the reduction seen for teams without an
APP.

Other studies have described similar tools, such as the Red,
Yellow, or Green Dischargetool [50] and the K anban web-based
application [51]. However, these tools were not integrated into
the patient worklist, an EHR workspace that is commonly used
across clinical staff, including physicians, APPs, residents,
medical personnel, nurses, physical and occupational therapists,
care managers and social workers, and pharmacists, thus
enhancing the real time, multidisciplinary communication about
discharge readiness. Recently, a similar tool was described in
the pediatric setting, which was associated with an increase in
the proportion of patients discharged beforenoon [52]. However,
unlike our Discharge Today tool, this tool did not alow
providersto document any tasksor clinical carerequired before
the patient could be discharged. In addition, our Discharge
Today tool alowed providersto note what time of day (before
11 AM, before 2 PM, or after 2 PM) a patient might be
discharged.

Previous work has shown that hospital census and census on
teams can affect the overall flow of hospitals [21,46]. In this
pilot study, although the primary outcomes evaluated were
nonsignificant in analysis, interactions between the number of
patients assigned to ateam in the morning or teams staffed with
an APP and the intervention suggest that there may be effect
modification at work such that the intervention is effective in
certain subgroups or under certain conditions. After including
starting morning census per team as an effect modifier, although
nonsignificant, there was a reduction in the time of day the
discharge order was entered into the EHR by the discharging
physician and in the time of day the patient |eft the hospital. In
addition, when teams were staffed with an APP, the use of this
tool was associated with significantly earlier discharges beyond
that seen for teams without an APP. Research has shown that
discharging patients just 1 hour earlier aleviates hospital
crowding and reduces access blocking [23,24]. Although we
were not ableto achieve the goal of discharging patients an hour
earlier on average, theincremental gainsfrom multiple solutions
implemented across many patients may be additive to moving
discharge times and could result in improvements in patient
flow and hospital capacity.

https://humanfactors.jmir.org/2021/4/e27568
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Finally, during the mai ntenance period, when teams were staffed
with an APP, discharge orderswere entered significantly earlier
by the discharging providers. Our APPswere early adopters of
the tool and continue to be heavy users, which may have
produced the observed improvements. We believe that these
findings highlight the importance of APPs in the success of
discharge initiatives. Although other studies have suggested
that a multidisciplinary approach will improve the early
discharge of patients [22,53,54], our study specificaly
investigatesthe effects of APPinvolvement. Our study suggests
that APPs may be vital partnersin work undertaken to improve
the discharge process in an adult medicine population. A pilot
study of amultidisciplinary team led by an APP and staffed by
apharmacist and nurse demonstrated a significant improvement
indischargetimesfor patients seen by thisteam [55]. Similarly,
previous research has shown that most providers do not prioritize
dischargesfirst asthey are tending to other patients [21]; thus,
using a team approach to patient care may be advantageous
when working to improve throughput metrics.

Our results suggest that some effects of the tool continued even
after robust stakeholder engagement efforts were reduced to
periodic reminders. We observed a significant reduction in the
mean time of day the physician entered the discharge order
when a team was staffed with an APP over the reduction
observed when a team was not staffed with an APP during the
postimplementation period compared with the pilot
implementation period. During thistime, the hospital medicine
triagist, an APP-staffed position, started using the tool for bed
management, suggesting that APP use may have become more
deliberate. Sustained improvement after demonstrating the
effectiveness of an intervention is not often evaluated, likely
because of constraints of time and available budget [56];
however, without consideration of the relevant contextual
factors, evaluating whether an intervention has resulted in
sustainable improvement may prove elusive [57].

Finally, our tool had high adoption and userates, with relatively
minimal incentives to do so. There were several features of our
project that helped to improve adoption and use. Our stakehol der
engagement process—both preimplementation and during the
pilot implementation period—was robust, resulting in a product
that was developed for and by frontline staff members and
clinicians. In addition, the Discharge Today tool wasintegrated
into the current workflow (ie, EHR worklists) and color coded,
which servesasavisual prompt for both cliniciansand frontline
staff to use.

Given that thiswas a pilot study of thistool aiming to evaluate
the user-centered design approach taken, adoption of the tool,
and effectiveness in a sample of providers delivering care to
hospitalized patients, thetool had not been fully scaled up across
hospital settings, thus potentially limiting the effectiveness.
Although our tool had high adoption rates with our target
populations, it was challenging to fully implement it across all
care teams across an entire hospital, and thus it took sometime
to scale. Since this pilot, an initiative to use the existing EHR
applications to better support patient flow has been launched.
As an aspect of this work, the Discharge Today tool has been
integrated with other EHR functionalities to capture patients
progress toward discharge, and any roadblocks to discharge
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were implemented. We suspect that as adoption continues and
additional features are added, adoption will further scale, and
perhaps larger effects on the desired outcomes could be seen.
EHR tools intended to change clinician behavior require
continuous iterative optimization and evaluation to realize their
full potential.

Our study has anumber of strengths. First, we describe anovel
tool to communicate discharge readiness in real time to key
stakeholders. Second, we had remarkable engagement by our
clinicians and frontline staff members, with high use rates and
overal positive feedback. Third, athough our study was
conducted at asingle center, our sampleincluded >4000 patients,
amost 60 physicians, >40 APPs, amost 90 residents and
medical students, and >160 frontline staff members during the
pilot implementation period. Fourth, we have accounted in
statistical modeling for the contextual factors that we
hypothesized a priori could influence the effectiveness of the
tool by including effect modifiers for the number of patients
assigned to a team in the morning and a team staffed with an
APP.

Our study also has several limitations. First, it was performed
at a single university-affiliated academic hospital and was a
quality improvement initiative using a pre-post study design;
therefore, the results might not be generalizable to other types
of institutions or other patient populations. Second, throughout
our study period, we continued to optimize the tool, and thus
the full effect of the tool may not have been realized at the end
of the pilot implementation period. Third, for this analysis, we
assessed both the discharge order time and the discharge time;
however, we did not eval uate the circumstances around that gap
(ie, when the patient was actually ready for discharge and any
reasons for delays between the time the order was entered and
thetime the patient could leave). Future analyses woul d benefit
from assessing whether the use of the Discharge Today tool
closesthe gap between when the discharge order is entered and
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when the patient is actually discharged. Fourth, there are most
likely unknown confounders at work that we did not identify
or include as adjustment factors. Fifth, although we did ask the
providers to update the tool first thing in the morning and
throughout the day as patient statuses changed, we did not ask
that they otherwise change their workflow. Before, during, and
after this study, there have been consistent institutional efforts
asking providersto prioritize dischargesfirst. It is possible that
by asking providers to update the status, that alone could have
resulted in improved discharge timesregardless of thetool used;
however, even with discharge-before-noon initiatives
implemented at most places, <10% of hospitalists typicaly
round on dischargesfirst [21]. Onthe basis of previousliterature
and mixed successes around early-discharge initiatives, we
believethat amultipronged approach islikely needed, including
ensuring reasonable workloads, optimizing care team models,
and improving communication processes[4,35,50,58]. Thistool
offers a potential component that is minimally intrusive and
communicates across disciplines.

Finally, we were unable to account for other initiatives (eg,
huddles held throughout the day to discuss patients who may
be able to be discharged) intended to improve discharge times
and lengths of stay that weretaking place concurrently with our
Discharge Today tool implementation.

Conclusions

We have described aunique, EHR-based approach toimproving
communication around dischargein real timewith all careteam
members, regardless of their physical location in the hospital,
that improves discharge times and lengths of stay. The Discharge
Today tool alows for real time documentation and sharing of
discharge statuses, and our results suggest that the tool may be
useful for improving discharge times and lengths of stay,
particularly if a team is staffed with an APP or possibly in
higher-census situations.
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Abstract

Background: The early diagnosis of autism spectrum disorder (ASD) is highly desirable but remains a challenging task, which
requires a set of cognitive tests and hours of clinical examinations. In addition, variations of such symptoms exist, which can
make the identification of ASD even more difficult. Although diagnosis tests are largely developed by experts, they are still
subject to human bias. In this respect, computer-assisted technologies can play akey rolein supporting the screening process.

Objective: This paper follows on the path of using eye tracking as an integrated part of screening assessment in ASD based on
the characteristic elements of the eye gaze. This study adds to the mounting efforts in using eye tracking technology to support
the process of ASD screening

Methods: The proposed approach basically aimsto integrate eye tracking with visualization and machine learning. A group of
59 school-aged participants took part in the study. The participants were invited to watch a set of age-appropriate photographs
and videos related to social cognition. Initially, eye-tracking scanpaths were transformed into a visua representation as a set of
images. Subsequently, a convolutional neural network was trained to perform the image classification task.

Results. The experimental results demonstrated that the visual representation could simplify the diagnostic task and also attained
high accuracy. Specifically, the convolutional neural network model could achieve a promising classification accuracy. This
largely suggeststhat visualizations could successfully encode the information of gaze motion and itsunderlying dynamics. Further,
we explored possible correl ations between the autism severity and the dynamics of eye movement based on the maximal information
coefficient. The findings primarily show that the combination of eye tracking, visualization, and machine learning have strong
potential in developing an objective tool to assist in the screening of ASD.

Conclusions: Broadly speaking, the approach we propose could be transferable to screening for other disorders, particularly
neurodevelopmental disorders.

(JMIR Hum Factors 2021;8(4):€27706) doi:10.2196/27706

KEYWORDS

autism spectrum disorder; screening; eye tracking; data visualization; machine learning; deep learning; Al; ASS; artificial
intelligence; ML ; screening; adol escent; diagnosis
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Introduction

ASD Characteristics

Autism spectrum disorder (ASD) has been described as a
pervasive developmental disorder characterized by a set of
impairments including social communication problems,
difficulties with reciprocal social interactions, and unusual
patterns of repetitive behaviors or interests [1]. During
naturalistic interaction, making and maintaining eye contact is
not always easy or spontaneousfor ASD-diagnosed individuals.
Such troubling deficits can unfortunately place a considerable
strain on their lives and their families. Nevertheless, these
disturbances are not better explained by intellectua disability
or global developmental delay [1].

Early diagnosis may lead to early intervention, which generally
provesbeneficia for both the child and the family. The diagnosis
process usually involves a set of tests that can require hours of
clinical examinations or is based on an interview with the
parents. Furthermore, the variation of symptomswith regard to
deficitsin social communication and socia interaction as well
as the social communication impairments and restricted,
repetitive patterns of behavior make the identification of ASD
more complicated to decide. In this respect, computer-aided
technologies have been embraced to provide helpful guidance
through the course of examination and assessment. Examples
include magnetic resonance imaging, electroencephal ography
[2], and eye tracking, which will be considered in this study.
Eye-tracking technology hasreceived particular attentioninthe
ASD context since abnormalities of eye gaze have been
consistently recognized as the hallmark of autism in general
[3,4]. A considerable number of other psychology studies in
eye tracking have been based on the particularities of eye
movementsin responseto verbal or visua cuesassignsof ASD
[5-7]. In particular, these studies have highlighted social-rel ated
difficultiesin children with ASD, especially when face stimuli
are used (eg, in aface-to-butterfly categorical visual search task
[8] and unsuitable extraction of visua information via eye
fixations for emotion recognition [9]).

This study provides a meeting point for eye tracking and
machine learning (ML) for supporting the diagnosis of ASD.
Itispart of an interdisciplinary collaboration between research
units of psychology and artificial intelligence at the University
of Picardy Jules Vernein France. Our approach is distinctively
based on the premise that visual representations of eye-tracking
recordings can effectively serve as features for discriminating
individual s diagnosed with ASD. At its core, the key ideaisto
compactly render eye movements into an image-based format
while maintaining the dynamic characteristics of eye motion
(eg, velocity) using color gradients. In this manner,
diagnostic-related tasks can be approached as a problem of
image classification or analysis. The applicability of the
proposed approach will be demonstrated based on the
classification accuracy. Further, wewill support our resultswith
a statistical analysis that will explore possible correlations
between the Childhood Autism Rating Scale (CARS) [10] and
the dynamics of eye movement among participants diagnosed
with ASD.

https://humanfactors.jmir.org/2021/4/e27706
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Eye Tracking for ASD Screening

Eyetracking has been used in numerousresearch studies. It can
be described asthe process of capturing, tracking, and measuring
eye movements or the absolute point of gaze (POG), which
refers to the point where the eye gaze is focused in the visual
scene[11]. Thesignificance of such technology isthat it allows
for an objective and quantitative method of recording the
viewer's POG. The interpretation of eye movement can be
effectively used in interactive applications or for diagnostic
purposes.

Eye trackers aim to capture 3 basic categories of eye
movements: (1) fixation, (2) saccade, and (3) blink. A fixation
is the brief moment that occurs while pausing the gaze on an
object so that the brain can perform the perception process. The
average duration of fixation typically ranges from 150 ms to
300 ms [12]. However, the fixation duration is dependent on
the context. The duration of our fixations differs when we are
reading on paper (230 ms) or on ascreen (553 ms) [13], or when
we are watching a naturalistic scene on a computer (330 ms)
[14]. Further, accurate perception requires constant scanning
of the object with rapid eye movements, which are called
saccades. Saccadesinclude quick, ballistic jumpsthat take about
30-120 ms each [15]. On the other hand, ablink is often asign
that the system has lost track of the eye gaze. Eye-tracking
scanpaths have been commonly used as a practical means for
depicting gaze behavior in a visuad manner. A scanpath
represents a sequence of consecutive fixations and saccades as
atrace through time and space and may overlap withitself [16].

Abundant studies have sought to take advantage of eye-tracking
applications for studying and analyzing eyes movements. For
instance, a team of psychologists and neuroscientists recently
showed that children with ASD have faster eye movementsthan
do children with typical development, but these results depend
on the visual task the children are asked to perform. If they are
faster while remaining precise in prosaccade tasks with a gap
paradigm, the same children are less accurate but faster than
are children with typical development in another gap paradigm
during short visual search. This means that children with ASD
favor speed over accuracy and that they have shorter saccadic
latencies [8]. Moreover, Vabalas and Freeth [17] demonstrated
that in face-to-face interactions, eye movements were different
among individual s depending on where they fell on the autism
spectrum. Specifically, persons with high autistic traits were
observed to experience shorter and less frequent saccades.
Conversdly, Liberati et a [18] showed greater saccade amplitude
and higher frequency in children with ASD than did control
children. However, in Liberati et d’s study, the Tobii Eye
Tracker used had a sampling rate of 60 Hz, and they extracted
theraw datato create clusters using k-means clustering, whereas
Vabalas and Freeth used SMI eye-tracking glasses with arate
of 24 Hz. Thus, the question does not appear to be settled and
seems to depend largely on the equipment and data used (eg,
autistic traits according to a questionnaire vs autistic persons).
In another study, eye-tracking was used to identify children
diagnosed with ASD based on the duration of fixations and the
number of saccades [19]. The results showed that participants
with ASD spent significantly more time fixating on dynamic
geometric images compared to other diagnostic groups.
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Likewise, alongitudinal study examined the fixation patterns
of infants from 2 to 6 months of age [20]. It was found that
infants diagnosed with ASD exhibited a mean decline in
fixations, which was not observed for those who did not develop
ASD afterwards. Moreover, another cohort study suggested the
strong potential of eye tracking as an objective tool for
quantifying the risk of autism and estimating the severity of its
symptoms [21]. A high diagnostic accuracy was demonstrated
inthisregard as well.

ML for ASD Screening

ML is subfield of computer science involved in providing
computers the ability to learn without being explicitly
programmed [22]. In contrast to traditional programming, ML
attemptsto extrapolate algorithms from data exclusively. Thus,
the power of ML isthat it allowsfor extracting insights, making
predictions, or taking actionswith minimal human intervention
(if any). The development of ML can be broadly organized into
supervised or unsupervised models. On the one hand, supervised
ML deals with labeled examples, where the desired output is
known precisely. Thelearning algorithm receives a set of inputs
along with corresponding labels, and the algorithm can learn
by comparing predicted labels to the actual ones. The model
can be iteratively optimized to minimize error. On the other
hand, unsupervised ML uses training data that do not include
any output information (ie, labels). Unsupervised models (eg,
clustering and association rules) can provide descriptive
knowledgeto help understand theinherent structure or properties
of the data.

The coupling of eye tracking with ML is currently leveraging
further capabilities for advancing ASD diagnosis and its
applications. The literature includes several contributions in
this context. For instance, Pusiol et a [23] worked on the
analysis of the eye focus on the face during conversations. Their
analysiswas specifically applied to children with devel opmental
disorders or those with fragile X syndrome. They tested a set
of classification models, including recurrent neural networks,
support vector machine, Naive Bayes, and the hidden Markov
model. With recurrent neural networks, they were ableto reach
ahigh prediction accuracy of 86% and 91% for the classification
of female and male fragile X syndrome, respectively. Another
recent study applied ML on eye-tracking output to predict ASD
[24]. The ML model included features related to the saccade
eye movement (eg, amplitude, duration, and acceleration). The
experiments were aimed at detecting ASD among a set of 17
children aged 8 to 10 years. Despite the use of alimited data
set and a relatively simple model, the findings demonstrated
the promising potential of ML for this application.

Other recent studies have focused on predicting the visual
attention of children with ASD. For instance, Wei et a [25]
proposed a saliency prediction model based on a convolutional
neural network (CNN), but they concluded that it is necessary
to first train the model on an eye-tracking data set of typical
development to enable more effective saliency prediction. Jiang
et a [26] proposed a method with 86% accuracy that classifies
eye fixations based on a comprehensive set of features and that
integrates task performance, gaze information, and facial
features extracted using a deep neural network. Their work

https://humanfactors.jmir.org/2021/4/e27706
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focused on apopulation of children with ASD between the ages
of 8 and 17 yearswhose intellectual level was highly disparate
(1Q score range 58-137).

Compared to the literature, the main distinction of this paper is
that it is purely reliant on the visual representation of
eye-tracking scanpaths. The study aims to produce scanpath
visualizations that can represent the spatial patterns of gaze
behavior and its dynamics. In this way, the vision-based
approach allows for approaching the diagnosis problem as a
typical task of image classification and is a continuation of our
earlier work [24,27]. Our initial work applied a different set of
features based on the events of fixations and saccades. We have
transformed the eye-tracking data into a visual representation
[27,28]. This study builds on our earlier efforts in an attempt
to devel op more sophisticated ML models using deep learning.

Methods

Recruitment

A group of 59 children took part in this study. It was highly
desirable to have participants at an early stage of development,
as the principal goa was supporting the early detection and
diagnosisof ASD. Specifically, al participantswere school-aged
children of a mean age of about 8 years. This somewhat
advanced age was indispensable here because in our region
there were not enough diagnosed children younger than 6 years,
and thetimeit takes to consult adoctor to make adiagnosis can
be as long as 2 years. For the group of typically developing
children (non-ASD), parental reports of any possible concerns
were carefully considered.

The ASD diagnosiswas confirmed by health professionalsusing
standardized tools (Autism Diagnostic Interview-Revised
[ADI-R], and Autism Diagnostic Observation Schedule-Generic
[ADOS-G]). However, we did not get permission to read the
children’s medica files. ADI-R and ADOS-G scores were not
analyzed in this study. The participants were broadly organized
into 2 groups: (1) diagnosed with ASD or (2) non-ASD. Children
diagnosed with ASD were examined in multidisciplinary ASD
speciaty clinics. The intensity of autism was estimated by
psychologists using the French version of the CARS[29], while
communication level was assessed with the French version of
the Early Social Communication Scale (Echelle d’évauation
de la Communication Sociale Précoce [ECSP]) [30]. Table 1
summarizes the statistics of the participants.

All the children’s parents or legal guardians were informed of
the objectives of the study, the nature of the tasks that would
be administered, and the fact that they could withdraw their
agreement at any time. Their informed consent was received in
writing in accordance with the Declaration of Helsinki of June
1964 (amended at the 64th General Assembly of the World
Health Organization in October 2013). Moreover, al children
gave their agreement to participate, and if they wished, parents
could be present with their children in the experimental room.
This study did not require authorization from an ethics
committee based on the recommendations for psychological
research in France and in agreement with the national and
institutional guidelines.
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Table 1. Summary of participant statistics.
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Child group ASD? (n=29) Non-ASD (n=30)
Males, n 19 19

Chronological age (years, months), mean (SD) 7,7(2,6) 8(2,8)
Developmental age on the ESCS? (months, days), mean (SD) 24,10(6, 8) 23,15(6,7)
Total ECSP score, mean (SD) 141, 1 (50, 3) 139, 18 (49, 5)
CARSF score (minimum score=15; autism cutoff > 30), mean (SD) 32,9(6,4) 15(0)

8ASD: autism spectrum disorder.
bECSP: Echelle d' évaluation de la Communication Sociale Précoce.
®CARS: Childhood Autism Rating Scale.

Apparatus and Stimuli

The SMI RED250 remote eye tracker (250 Hz, SensoMotoric
Instruments) was the main instrument used to perform the
eye-tracking function. The device belongs to the category of
screen-based eye trackers. It can be conveniently placed at the
bottom of the screen of a desktop PC or laptop. In our case, a
17-inch monitor with a 1280 x 1024 resol ution was used.

Further stimuli were presented from the SMI Experiment
Center software. Stimuli represented multiple distinct types
used in the eye gaze literature. Examples included static and
dynamic naturalistic sceneswith and without receptive language,
joint attention stimuli, static face or objects, and cartoon stimuli.
The average duration of eye-tracking experiments was about
10 minutes. Participants were mainly examined for the quality
of eye contact with the presenter and the level of focus on other
elements. A 5-point calibration scheme was used. The
calibration routine was followed by a set of verification
procedures.

Procedure

The participants were invited to watch a set of photographsand
videos, which included scenarios tailored specifically to
stimulate the eye movement across the screen area. Participants
could be seated on their own or on their parents' lap at an
approximately 60-cm distance from the display screen. The
experiments were conducted in a quiet room at the university
premises. Physical whitebarrierswere also used to reduce visua
distraction.

The scenarios varied in content and length in order to allow for
analysis of the ocular activity of participants from different
perspectives. In general, videoswere designed to include visual
elements that are especialy attractive to children (eg, colorful
balloons and cartoons). Specifically, the stimuli presented are
part of various psychological studies. One of these studies
involves the presentation of 3 videos including a situation of
joint attention initiation (duration of 58 seconds per video) and
18 photos from the same situation (5 seconds per photo). The
scene presented in the video and corresponding photos started
with an attention grabber (ie, a hand-waving cartoon). The
woman in the video then said, “Hello, how are you?’ to the
child and looked, verbalized, pointed, and/or verbalized at a
joint attention target present or absent to the children’s visual

https://humanfactors.jmir.org/2021/4/e27706

field. All conversations were performed in French asthe native
language of participants.

The assessment of gaze following included 12 videos (4 seconds
each in duration) of an actor with a neutral face first engaging
in direct gaze and then shifting to 1 out of 3 objects. In 6 videos,
the actor shifted his eyes and head to the target, and in 6 other
videos, he only moved his eyes to the target. The same actors
were engaged in another research protocol where their photo
was shown for 5 seconds on half the screen next to an object.
Other stimuli presented sceneswith emotional valence extracted
from cartoonsin which the faces of the characters expressed an
emotion that was either contingent or not contingent on the
previous scene (total duration 5 minutes). Moreover, inal tests,
the interstimulus interval lasted 2 seconds, during which a
central crosshair was presented. The differences between the
stimuli used included dynamic or static, human (male and
female) or cartoon, and human or object. The counterbalancing
of stimuli for participants and the number of participants
included allowed the artificial intelligence and psychol ogy teams
to collaborate on the basis of this predefined research protocol.
The results of these tests have been partly exploited, presented,
and published [31-33].

Data Transformation: Visualization of Eye-Tracking
Scanpaths

The premise of this study is based on the learning of visua
patterns included in eye-tracking scanpaths. Specificaly,
scanpaths are used as a means to compactly describe the gaze
movements into a visual representation that can simplify the
learning process. Further, the scanpaths were also used to
visually encode the dynamics of eye motion using color
gradients. To achieve this, we used the coordinates in
eye-tracking records, which represented the participant's POG
during the experiment runtime. Based on the change in POG
over time, we were able to calculate the velocity of gaze
movement. Subsequently, the scanpath and computed dynamics
were transformed into images. For each participant, a set of
images was constructed in 3 steps: (1) A line was drawn for
each transition from (X, Y;) 10 (%41, Y1+1), Where t represents a
point of time during the experiment. (2) The change in color
across lines was used to visualize the movement dynamics.
Through use of a grayscale spectrum, the color values were
tuned based on the magnitude of velocity (ie, speed) with respect

JMIR Hum Factors 2021 | vol. 8 | iss. 4 [€27706 | p.80
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

to time. (3) The images constructed were vertically mirrored
since the origin was located at the bottom of the screen.

Images were constrained to contain approximately the same
level of information. Specifically, a threshold was applied to
[imit the number of pointsto be drawn. Thethreshold was aimed
to be high enough to sufficiently describe the pattern of gaze
behavior. However, too-high values could increase the
possibility of producing cluttered visualizations. Therefore,
several tests were conducted to choose an appropriate value for
the threshold. With a limit ranging from 100 to 150, images
seemed to include fewer lines, which turned out to poorly
discriminate the 2 classes of participants. Eventually, we decided
to set the threshold to 200, which could largely strike an
adequate balance and captured the key features of motion. The
limit is was not a velocity threshold but a limitation to the
amount of consecutive points drawn on any given scanpath
image. We limited the dynamic values to a bound equal to a
quarter of the diagonal of the screen because any higher

Ciliaet a

movement would not be normal given the scenarios used for
the capture.

The visualizations were produced using Python (Python
Software Foundation) and a popular Matplotlib library [34].
The visualizations resulted in an image data set from the 59
participantswho had viable dataon an average of 15.19 different
stimuli, allowing us to generate a total of 547 images (328 for
non-ASD participants and 219 for those diagnosed with ASD),
which corresponded to an average of 9.27 images per child
(10.93 for non-ASD participants and 7.55 for those diagnosed
with ASD). The default image dimensions were set as 640 x
480. The scanpath images were directly drawn from the raw
data produced by the eyetracking devicee A more
comprehensive presentation of the data set construction was
elaborated uponin an earlier publication [27]. The data set was
made freely available to be used by other studies investigating
the potentials of eye tracking within the ASD context. Figure
1 presents 2 visualizations corresponding to participants with
and without ASD.

Figure 1. Visualization of eye-tracking scanpaths. The image on the | eft is from a participant diagnosed with autism spectrum disorder, while the one

on the right is from a participant without the disorder.

Data Preprocessing and Augmentation

Eye trackers can provide the POG coordinates on the screen.
The coordinates were genuinely significant to implement our
approach in terms of visualizing the gaze scanpath and
computing itsdynamics (eg, velocity). The eye-tracking records
describe the category of movement and the POG for both eyes
over time. To simplify the learning process, a set of image
processing techniques was applied as follows. First, the black
background was cropped from images as much aspossible. The
cropping was implemented using the OpenCV library. Second,
all images were consistently scaled down to 256 x 256
dimensions. Resizing the images helped to reduce the problem
of dimensionality by decreasing the number of features under
consideration. The impact of resizing was also examined in the
initial ML experiments.

Further, we applied image augmentation to produce variations
of the scanpath images. Augmentation was recognized to
generally improvethe prediction accuracy inimage classification
applications [35,36]. The data set was augmented with an
additional 2735 samples, where 5 synthetic samples were

https://humanfactors.jmir.org/2021/4/e27706

generated for each image. The data augmentation process was
implemented using the Keras library [37], which includes an
easy-to-use application programming interfacefor that purpose.

Classification M odel

The ML work described here fals into the category of
supervised learning. The basic goal was to develop a binary
classifier that could predict the class of participant (ie, ASD or
non-ASD) based on the scanpath images. The classification
model was implemented using an artificial neural network
approach. Specifically, we designed a deep CNN.

CNNs typicaly include 3 categories of layers including
convolutional layers, pooling layers, and fully connected layers
[38]. Thelearning process goes through a series of convolutions
and pooling, which break down the input image into a set of
features maps. Convolutional layersinitially attempt to extract
features from the image through applying aconvol utional kernel
al over the image. Subsequently, pooling layers work on
reducing the dimensions of feature maps extracted. Eventually,
the output of this process usually feeds into a fully connected
layer structure to produce the final prediction. In our case, the
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CNN model was composed of 4 convolutional layers, 4 pooling
layers, and 2 fully connected layers. In addition, dropout layers
were used, which help reduce the possihility of overfitting [39].

Results

Classification Accuracy

The classification accuracy was analyzed based on the receiver
operating characteristic (ROC) curve. The ROC curve plotted
the relationship between the true-positive rate and the
false-positive rate across a full range of possible thresholds.
Figure 2 plots the ROC curve of the CNN model. The figure

Ciliaet a

also shows the approximate value of the area under the curve
along with its standard deviation based on the 3-fold
cross-validation. As it appears, the model could provide a
notable prediction accuracy (=90%), recal (ie, sensitivity;
=83%), and precision (=80%).

The model was implemented using the Keraslibrary [37] with
Python. The model was trained based on 3 rounds of
cross-validation over 3 epochs. Training the model took =3
minutes using a single Tesla K80 GPU. Figure 3 demonstrates
the model loss in training and validation over 3 epochs with
20% of the data set used for validation.

Figure 2. Receiver operating characteristic curve of the convolutional neural network model. AUC: area under the curve.
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To further examine the model performance, the training and
test sets were split based on the participants. The data set was
split into training and test sets based on a3-fold cross-validation
using 3 stepwise procedures. First, the group of 59 participants
were randomly split into 2 independent sets (ie, training and
test), then theimageswere matched and | oaded into thetraining
and test sets based on the IDs of participants, and finally, these

https://humanfactors.jmir.org/2021/4/e27706
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2 steps were repeated for each round of the cross-validation
process.

The features were extracted using the convolutional layersin
the CNN model. The learning process goes through a series of
convolutions and pooling, which break down the input image
into aset of features maps. Convolutional layersinitially attempt
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to extract features from the image through applying a
convolutional kernel al over theimage. Subsequently, pooling
layers work on reducing the dimensions of feature maps
extracted. Eventually, the output of this process usually feeds
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into a fully connected layer structure to produce the final
prediction. Expectedly, the model performance declined as
shown in Figure 4. The accuracy (=71%) could still be viewed
as promising given the relatively small data set.

Figure 4. Receiver operating characteristic curve of al the data divided according to participants. AUC: area under the curve.
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Correlation Analysis

This section serves as an integral part that supports the
experimental results gained by our approach. Through statistical
analysis, we attempted to explore possible correl ations between
the CARS score and the dynamics of eye movement in the
eye-tracking scanpaths. Initially, the average velocity magnitude
was calculated per image. In this way, the CARS scores of
participants could be considered multiple times with respect to
velocity. This could help mitigate the effect of outliers in
eye-tracking experiments.

The patternslargely revea ed the nonlinearity of the relationship
between CARS scores and velocity. Therefore, standard
correlation tests (eg, Pearson's r) would not be useful in such a

case. Instead, we made use of the maximal information
coefficient (MIC) [40]. The MIC score can describe the
correlation between variable pairs regardless of a linear or
nonlinear relationship. The score provided by MIC can be

roughly considered asthe coefficient of determination (R?). The
MIC method has been embraced in a large number of studies
tofind correlationsin complex datasetsrelated to, for example,
biology and genomics[41,42]. We used the MinervaR package
[43], which greatly facilitated the computation of MIC. The
MIC values (presented in Figure 5) suggested strong correlation
between CARS and vel ocity (MIC=0.79). The high correlation
score result could partly validate the accuracy demonstrated by
the classification model, whereas the velocity was visualy
encoded within the scanpath images.

Figure5. Average velocity depending on CARS value. Avg: average; CARS: Childhood Autism Rating Scale.
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Demo Application

A demo application was developed to serve as a practical
illustration of our approach. The application links the 3
components of eye-tracking, visualization, and ML together to
support the diagnosis process of ASD.

The application goes through 3 steps as follows. First, the user
isasked to upload the eye-tracking data. The data records should
describe the coordinates of the viewer’'s gaze into the screen
along with the associated time. Second, the application produces
a visualization of the eye-tracking scanpath. Eventualy, the
application calls the prediction web service, which returns the
prediction from the trained classification model. Azure ML is
employed to host the classification model and the Python
implementation used to produce visualizations. The application
can be accessed online by asking the authors for the URL link.

Discussion

Principal Results

This study demonstrated the strong potential of eyetracking as
an objectivetool for assisting ASD diagnosis. Indeed, abnormal
eye gaze has been ahallmark characteristic of ASD [6,7]. Over
several years, eye-tracking technology has been widely used to
study attention impairment among individuals diagnosed with
ASD [8,9,19,20]. In this paper, we introduced an additional
dimension to the representation of eye-tracking scanpaths, and
we demonstrated its effectiveness for training a classification
model. In similar fashion to Frazier et a [21], we used static
and dynamic stimuli including social and nonsocial images.
However, adding nonsocial targets may be particularly important
for increasing the rel ationship between nonsocial attention and
ASD symptoms.

The empirical results provided a set of implications to be
considered. First, the ML experiments confirmed the core idea
behind our approach, which hinges on the visual representation
of scanpaths. The classification accuracy indicated that scanpath
visualizations were able to successfully pack the information
of gaze motion and its underlying dynamics. This evidently
tranglates into the validity of employing such visual patternsin
order to diagnose individuals with ASD.

Equally important, the study brought further interesting insights
into the features of autistic gaze. We provided a statistical
analysis that revealed possible a correlation between the level
of autism (ie, CARS) and the dynamic characteristics of eye
motion (eg, velocity). The analysis can lend support to the
findings of Vabalas and Freeth [17], which suggested that
individualswith high autistic traits tend to have shorter and less
frequent saccades compared to others with low autistic traits.

Acknowledgments
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However, thelack of abenchmark dataset inthe ASD literature
makes it difficult to strictly compare our results to other ML
approaches. A future larger project (with a cohort of children
with ASD and typical children at different ages) should be
considered and should analyze the socio-cognitive and cognitive
profilesof children with ASD using eyetracking. The extensive
literature on these different processes may be considered in
connection with the study of gaze distinctiveness in children
with ASD.

Limitations

Even though the results presented in this study are promising,
the following set of limitations should be highlighted. The
primary limitation was the relatively smal number of
participants. In afuture study, a data augmentation method for
an ASD data set may be considered [44]. The interpretation of
our resultsis limited by the fact that we did not have access to
all the standardized test scores (ie, ADI and ASOS) used to
clinically diagnose our study population. Also, the inclusion of
ADI and ADOS scores could have provided further
interpretation of the results. Another relevant issue of concern
isthe duration of video scenarios, which were relatively short.
Perhaps longer scenarios might have alowed for a richer
representation of the gaze behavior. Indeed, if the algorithm
currently used and the age group of children in the model are
limited for the moment, future work on a larger cohort will
allow us to improve the study. In fact, despite limitations, we
still believe this study can serve as the kernel for further
interesting applications of the proposed approach.

Conclusions

To conclude, the combination of eye tracking, visualization,
and ML may hold considerable potential for the devel opment
of an objectivetool to assist the diagnosis of ASD. Theseresults
can be used and new data analyzed to create a screening tool
for health professionals Further, features related to the dynamics
of eye movement can also be considered as candidate features
for developing predictive models, and recently published deep
neural network methodologies can be adapted to our model
[45]. Eye-tracking measures which require limited technical
expertise can be quickly managed during diagnostic interviews.
Moreover, parents seem to have high acceptance of eyetracking
as part of the clinical evaluation because the visual results are
easier to understand than isthe ADI cutoff, for example. Infact,
for some parents, a lack of an objective measure can lead to
delayed or diminished acceptance of the clinical diagnosis.
However, some limitations may still delay the clinical adoption
of eye tracking as an objective measure (eg, hardware and
software costs), yet these issues can be reduced by consolidating
the synergy between clinical structures and academic research.
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Abstract

Background: Diabetes mellitus (DM) is one of the most challenging diseasesin the 21st century and is the sixth leading cause
of death. Telemedicine has increasingly been implemented in the care of patients with DM. Although teleconsultations at home
have shown to be more effective for inducing HbA . reduction than other telemedicine options, before the 2019 coronavirus
disease crisis, their use had been lagging behind. Studies on physicians’ or patients’ perceptions about telemedicine have been
performed independently of each other, and very few have focused on teleconsultations. In a time of great pressure for health
systems and when an important portion of health care has to be assured at a distance, obtaining insights about teleconsultations
at home from the stakeholders directly involved in the health care interaction is particularly important.

Objective: The perceptions of patients and physicians about their intentions to use home synchronous tel econsultations for DM
care are examined to identify drivers and barriers inherent to programs that involve home tel econsultations.

Methods: Two identical questionnaires integrating the technology acceptance model and the unified theory of acceptance and
use of technology and assessing the confidence in information and communication technology use of patients and physicians
were devel oped. Responses by patients (n=75) and physicians (n=68) were analyzed using canonical correlation analysis.

Results: Associations between predictor constructs (performance, effort, social influence, facilitating conditions, and attitude)

and intention to use yielded significant functions, with a canonical R? of 0.95 (for physicians) and 0.98 (patients). The main
identified barriersto patient intention to use were the expected effort to explain the medical problem, and privacy and confidentiality
issues. The major drivers were the facilitation of contact with the physician, which is beneficial to patient disease management
and treatment, time savings, and reciprocity concerning physicians willingness to perform teleconsultations. Responses from
physicians reveal ed an association between intention to use and the expected performance of home tel econsultations. The major
barrier to intention to use expressed in physicians' answers was doubts concerning the quality of patient examination. The major
drivers were time savings, productivity increases, improvements in patient’s health and patient management, National Health
System costs reduction, and reciprocity relative to patients’ willingness to engage in tel econsultations.

Conclusions: To promote the use of home teleconsultations for DM, decision makers should improve patients’ health literacy
so the physi cian—patient communication is more effective; explore information and communication technology devel opments to
reduce current limitations of non—face-to-face examinations; ensure patient privacy and data confidentiality; and demonstrate the
capabilities of home teleconsultations to physicians.

(JMIR Hum Factors 2021;8(4):€27873) doi:10.2196/27873
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Introduction

Background

Diabetesmellitus (DM) isone of the most challenging diseases
inthe 21st century. It isthe sixth leading cause of death globally
[1] and continues to increase in prevalence, with macro-and
microvascular complications resulting in increased disability
and huge health care costs [2].

In Portugal, there were 591-699 new cases of diabetes per
100,000 inhabitants in 2015, representing an expense of
0.7%-0.9% of the Portuguese gross domestic product, and
8%-10% of the total spending on health [3]. The country has
one of the highest age-adjusted prevalence of diagnosed type 1
or 2 diabetes in the population aged 20 to 79 years in Europe
(9.8%) [4].

Telemedicineincludes remote patient monitoring using devices
(eg, mobile apps) to remotely collect and send data to health
care providers, asynchronousinteractionsto transmit diagnostic
images, vital signs, or video clips, along with patient data for
later review, and synchronous live videoconferencing
consultation among patients and physicians (eg,
teleconsultations) or among physicians and specialist health
services[5]. Information and communication technology (1CT)
has been increasingly implemented in the care of people with
DM to improve patient outcomesin areas such as blood glucose
management, diet, medication, and exercise monitoring [6].
Although (remote) teleconsultations at home (TH) have been
found to be more effective in inducing HbA . reduction when
compared with other telemedicine services, such as remote
telemonitoring, tele-education, and telecase management, they
have been much less adopted than other forms of telemedicine
in type 2 DM care [7]. Real-world data show that, before the
COVID-19, teleconsultation appointments as a proportion of
clinical activity ranged from 2% among a diabetic cohort to
22% among postoperative patients with hepatobiliary cancer
[8,9]. In Spain, teleconsultations were used by only 7 (6.9%)
of the 102 that used telemedicine in a sample of 1063 patients
with type 2 DM, but obtained the highest rate of satisfaction
[10Q]. Studies on teleconsultation in DM are scarce (eg, [11-14]).
Given the use level and care potential of synchronous TH, this
study investigated the necessary conditions to encourage their
use.

Studies on physicians' (eg, [15]) or patients perceptions (eg,
[6,16]) about telemedicine have been performed independently
of each other. As both groups are essential to the use of these
services, this study surveyed the perceptions of the two using
anidentical data collection instrument and compared the results
of the analysis of their responses. Identical questionnaires for
both patients and physicians were used because, according to
theliterature[17], the factors affecting their willingnessto adopt
teleconsultationswerethe same. A canonical correlation analysis
(CCA) was performed to find associations among a set of
predictor constructs derived from the technology adoption
literature and the intention of use (IoU) of TH by patients with
DM and their physicians. CCA is a multivariate statistical
technique used to study the interrelationships among sets of
multiple dependent and independent variables [18]. It is an

https://humanfactors.jmir.org/2021/4/e27873
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appropriate and powerful multivariate technique to identify the
underlying independent relationship between the 2 sets of
variables of the studied model because of the high number of
variablesin each construct.

Objective

In summary, this study assesses the perspective of patientswith
DM and physicians regarding the drivers and barriers inherent
to programs that involve patients with DM teleconsulting with
their physicians from their homes.

Methods
Research M odel

Overview

The questionnaires for both populations were based on the
integration of the technology acceptance model (TAM) [19,20]
and the unified theory of technology of acceptance and use
(UTAUT) [21]. The full version of the data collection
instruments (in Portuguese) can be seenin Multimedia A ppendix
1[15,17,21-25]; the English trandlation of the questions can be
implied from the row titles of thetablein Multimedia Appendix
2[19,20,26-31].

According to Davis[19], anindividual tendsto use (or not use)
a new technology if they identify an improvement in their
professional performance. That is, if he or she easily identifies
the perceived utility. However, the author states that the
usefulness of that technology will only be recognized if the
effort to learn how to use it is not very high, that is, if the use
of the technology compensatesfor thelearning effort—perceived
ease of use. The TAM usesthese 2 main constructsto influence
the actual use of technology. Both have an independent effect
on loU, as people form intentions to adopt certain behaviors
that canimprovetheir performance at work if the effort required
to learn a new technology is not considerable [19-21].

Yarbrough and Smith [32] and Holden and Karsh [26] reviewed
articles on the applicability of TAM in health, reaching similar
conclusions; the constructs have been repeatedly validated and
the variance of the dependent variable IoU or actual use of
technol ogy has been widely explained (between 40% and 70%,
depending on the study).

However, TAM is not very sensitive in identifying barriers to
the acceptance of technology, which may influence all TAM
variables. Thus, new theories explaining the acceptance of
technology have emerged. One of these theoriesisthe UTAUT,
developed by Venkatesh et al [21]. UTAUT integrates the
essential constructs of 8 models of technology and considers 4
constructs that directly influence the intention to use the
technology: expected performance (P), expected effort (E),
social influence (S), and facilitating conditions (F). Theresearch
model of this study (Figure 1) integrates TAM with UTAUT,
adding an attitude construct [15,17,33]. In addition, we tested
whether confidence in ICT use [27] and demographic
characteristics were associated with attitude. An eventual
relationship between gender and attitude was explored, and it
was hypothesized that a younger age and higher qualifications
could favor attitude [34].
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Figure 1. Research model. ICT: information and communication technology.
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Hypotheses

« H1: Dothe predictors derived from the literature positively
influence the loU of TH? (suphypothesesin Table 1).

Table 1. Subhypotheses of hypothesis 1.

« H2: Dothe predictors derived from the literature positively
influence attitude (suphypothesesin Table 2).

The analysis of associations among constructs resulted in the
identification of major driversand barriersto DM (synchronous)
TH.

Subhypotheses Predictor Effect

H11 Attitude Positively influences the intention of use of teleconsultations at home
H12 Expected performance Positively influences the intention of use of teleconsultations at home
H13 Expected effort Positively influences the intention of use of teleconsultations at home
H14 Social influence Positively influences the intention of use of teleconsultations at home
H15 Facilitating conditions Positively influences the intention of use of teleconsultations at home

Table 2. Subhypotheses of hypothesis 2.

Subhypotheses Predictor Effect

H21 Expected performance Positively influences attitude
H22 Expected effort (ie, perceived ease of use [20]) Positively influences attitude
H23 Demographic characteristics Positively influences attitude
H24 Confidence in information and communication technology use Positively influences attitude

Sample and Scales

Data were collected from patients with type 1 or 2 diabetes or
their caregivers, in case of child patients (75 valid responses)
and physicians (68 valid responses) selected by rational choice
and snowball sampling (as highly specific populations were at
stake) from the north of Portugal during the fourth quarter of
2018. Concerning the patients, 51 questionnaire answers (51/75,
68% of total valid answers) were collected in-person and in
paper at primary care centers belonging to the Group of Primary

https://humanfactors.jmir.org/2021/4/e27873

RenderX

Care Centres of Braga, an organization that coordinates 22
primary care centers, the other were collected on web through
DM patients' associations. For physicians, the answers were
collected on web with the collaboration of the same group of
primary care centers. This organization sent an email with a
link to the questionnaire to their physicians.

The perceptions of both groupswere measured using 2 identical
guestionnaires based on a 7-point concordance Likert scaleand
a 5-point confidence Likert scale (Multimedia Appendix 2).
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Table 3. Characteristics of the samples.

Characteristics Petients (or caregivers; n=75) n (%) Physicians (n=68), n (%)
Type of respondent N/AR
Patient 61 (81)
Caregiver 14 (19)
Gender
Female 38 (51) 47 (69)
Male 37 (49) 21 (31)
Education N/A
Basic or less 33 (44)
Secondary 16 (21)
Bachelor 8(21)
Master 7(9
Opted to not respond 11 (15)
Medical specialty N/A
General practitioner 52 (77)
Other 16 (23)
Financial situation (ability to live with monthly budget) N/A
Faces difficulties 8(11)
Needs to manage carefully 25(33)
Can go through 25(33)
Goes through easily 14 (19)
Goes through very easily 3(4)
DMP type N/A
1 29 (39)
2 44.(59)
Other 2(3
Treatmentsor disease control N/A
Oral antihyperglycemic 42 (56)
Insulin 36 (48)
Antihypertensive 35(73)
Antidyslipidemia 31 (41)
Physical exercise 41 (55)
Diet 44 (59)
Daily auto monitoring of the disease 35(73)

Local for DM consultations

Primary care center (public) 52 (69) 52 (77)
Public hospital 34 (45) 21(31)
Private hospital 8(11) 8(12)
Other (private) 3(4) 3(4)

Mode of transport to consultations N/A
By car 50 (67)
By bus 21 (28)
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Characteristics

Patients (or caregivers, n=75) n (%)

Physicians (n=68), n (%)

On foot 19 (26)
Other 3(4)
Electronic devices use
Computer 28 (37)
Laptop 35 (47)
Tablet 17 (23)
Smartphone 67 (90)
None 6(8)
Use of app for real-timevideo call
Never used 28 (37)
Rarely 15 (20)
Once per month 7(9)
Once per week 7(9
Severa timesin aweek 7(9)
Everyday 11 (15)

60 (88)
30 (44)
15 (22)
49 (72)
0(0)

6(9)
26 (39)
12 (18)
5(7)
9(13)
10 (15)

3N/A: not applicable.
PDM: diabetes mellitus.

Data Analysis

CCA was used to analyze the correlation between the set of
dependent variables (IoU construct) and the set of predictor
constructs. Thismethod is useful when variables have multiple
causes and effects, similar to the complex reality of human
behavior and cognition. The computationswere performed using
SPSS (version 24.0; IBM Corp).

The average of the observed values is often used to form the
constructs with consequent smoothing of the responses, which
can lead to constructs that do not contain the variability
expressed in the measurement indicators. CCA examines the
relationship between the 2 observed variabl e setswithout having
this disadvantage.

Variables with a canonical correlation of 0.45 or above were
considered in the final CCA model. The reliability statistics
measured by Cronbach a for each construct scale were very
good for expected performance (.87 for physicians and .83 for
patients), facilitating conditions (.77 for physiciansand .74 for
patients), attitude (.83 for physicians and .82 for patients), and
loU (.91 for physiciansand .78 for patients), and acceptablefor
expected effort (.60 for physicians and .56 for patients), and
social influence (.62 for physicians and .56 for patients).

Results

Sample Characteristics

Survey responses of 75 patients (Table 3 and Multimedia
Appendix 2) aged 10-86 years (mean 51, SD 17.1) were
obtained. Of the 75 respondents, 6 (8%) had never used
computers, smartphones, or tablets (Table 3). The average age
of these 6 patients was 73 (SD 8.9, range 61-84) years. On
average, patients had 3.1 DM consultations per year (range:

https://humanfactors.jmir.org/2021/4/e27873

1-12). According to the respondents, DM consultations took
133 minutes on average (including travel and waiting). Of the
75 respondents, 33 (44%) patients or caregivers felt very or
extremely confident and 12 (16%), moderately confident using
computers or the internet. Moreover, 40% (30/75) were very or
extremely confident and 24% (18/75) were moderately confident
inthe use of real-timevideo call apps. Morethan half had heard
about telemedicine (43/75, 57% of patients) and 30% (23/75)
about teleconsultations, but only 2 had participated in one in
real time, and 37% (28/75) had never used an app to make a
real-time video call.

In total, 68 valid responses from physicians aged 25-63 years
(47/68, 69% of physicians in the interval 26-35 years) were
received. Of the 68 respondents, 46 (67%) performed between
10 and 40 consultations per month, with an average duration of
23 minutes. Only 6 (9%) out of 68 physicians had never used
avideo call app. Moreover, 81% (55/68) felt very or extremely
confident and 19% (13/68) moderately confident using
computers or the internet, and 54% (37/68) were very or
extremely confident. Furthermore, 28% (19/68) were moderately
confident in the use of real-time video call apps. Of the 68
respondents, 33 (48.5%) physicianshad never heard of TH, and
8 (12%) had already carried out synchronous tel econsultations.
Although 56% (38/68) of physicians stated that they intended
to use TH in follow-up consultations, 34% (25/68) answered
that they would not use TH because they did not consider them
agood method for health provision.

The distribution of concordance scores showed a significant
variability in both groups. Wilcoxon Mann-Whitney tests
identified differences between physicians and patients
responses. Physicians had higher confidence in ICT use, but
they also had higher scores for item E;—WII only use TH if

easy tolearn and S,—if there wastechnical assistance. Patients
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had (1) in general, a more favorable attitude toward TH, and
higher scores in the perception that (2) TH can invade their
privacy (F5), but (3) befaster (P,), (4) the medical problemcan

Figure 2. Intention of use or suitability by type of consultation.

Rego et d
be correctly understood (E;) in a TH, and (5) will have TH
whenever the counterpart wantsto (S;).

Both patients and physicians considered follow-up to be the
best purpose for TH (Figure 2).

Patients

Physicians
c Follow-up
§e]
—
g Other Unexpected situations (2), _
a to clear doubts (2)
c
8 Emergency
Y
(]
ot .
% First
'_

None of the above

70% 60% 50% 40% 30% 20%

Hypotheses Testing
H1: Predictors Positively I nfluence the loU of TH

Overview
For both physicians and patients, at least one variable of the

predictors is associated with 1oU variables (H11, H12, H13,
H14, and H15 cannot be rejected).

Unexpected situations (2), to show blood tests (4),

L*to ask for prescriptions (1), to clear doubts (1)

10% 0% 10% 20% 30% 40% 50% 60% 70%

Dlintend to use for M Suitable for

Figure 3 shows the association between the latent variable loU
and the related covariate set of variables (predictors). Tables 4
and 5 present a validation, through comparison with the
literature, of the revealed associations.

Figure 3. Canonical associations between predictors and intention of use. CCA: canonical correlation analysis.

Physicians bs(0.62) Patients
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Legend:
F5(0.76) )
M - Intention of use;

A,(0.84) M - Expected Performance; M - Expected effort; M - Social influence; I - Facilitating conditions; - Attitude;
A;(0.88) I - Correlation coefficients between the two variable sets.
A, (-0.86) Color tone and width variations represent CCA functions load sizes.
A,(0.83)
A5 (0.78)
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Table 4. Validation of the revealed associations for patients.
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Canonical correlation analysisas- Variable

sociation

Literature

Primary contributors

E, (I can explain my medica prob-
lems using the computer)

Expected effort—I oU?

Social influence—IloU S5 (Il do teleconsultations whenever

the physician wants to)

Facilitating conditions—loU  F, (beneficia in my management of

my disease)

Attitude—IloU A~ (will not increase the provision of

health care services)

Secondary contributors

Expected performance—loU  Pg (allows me to save my time)

Effort expectancy—IoU

E; (physician can correctly under-
stand my medical problem)

E3 (perceived as being easy to learn)

Facilitating conditions—IoU
F1 (can facilitate contact with the
physician)

F 5 (can invade patient’s privacy) b

F4 (will not interfere with confiden-
tidity of my health data)

Attitude—loU

A, (itisagood way to provide health
care services)

A3 (itisunpleasant to useteleconsul-
tations at home)

A (teleconsultations at home can be
asupplemental health care service)

Several studies found that the medium allowed patients to open up more
than face-to-face consultations and that they felt empowered to ask more
questions [35,36]

To boost use, physician support and recommendation is necessary [10]

In Spain, most patients with type 2 diabetes (73.6%) considered that the
use of telemedicine had optimized (quite a bit or alot) the management
of their disease [10]

Several studies found that patients were satisfied with teleconsultations,
but also that they would still want the option to attend in person as they
believe it to be the gold standard [36,37]

Waiting times were shorter for patients seen by teleconsultation than in
face-to-face consultation asthey bypassed the normal admission processes
[38]

Physical examination has become aritual, expected, and performed as
tradition rather than clinical usefulness[39]. For the time being, telecon-
sultations in outpatient settings are most likely to be confine to dialogue-
based consultations where the need for rigorous physical examination is
absent [8]

The patients were very satisfied with the technology, no major problems
withitsuse; nearly 100% of patients reported that they would useit again
and recommend it [40]

Several studies found that improved access to care was associated with
patient satisfaction [40]

Inastudy of ateenaged population, parents are worried that the connection
might not be secure enough to ensure privacy and patients fear that they
might be overheard by family [36]

The need to ensure the security and confidentiality of patient records di-
minishes the preference for and use of telemedicine technology [41]

In the United Kingdom, teleconsultations for acute stroke management
had item val ues (like morbidity, mortality, and discharge rates) comparable
with national standards[42,43]

Several studies found that patients were satisfied with teleconsultations
but also that they would still want the option to attend in person as they
believe it to be the gold standard [36,37]

Several studies found that patients were satisfied with teleconsultations
but also that they would still want the option to attend in person as they
believe it to be the gold standard [36,37]

8 oU: intention of use.
bvariablesin italic had a negative sign in the predictors set.
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Table5. Validation of the revealed associations for physicians.

Canonical correlation analysisas- Variable Literature
sociation

Primary contributors

Expected performance—loU?

Py (improve my productivity) Benger et a [38] refer that teleconsultations are as much as 4 times as
long as their face-to-face equivalent; however more recent studies, found
them to be shorter in length (eg, [9])

P3 (improves management of patient Workload can be classified as the biggest workflow-related concern, asit
care) was overrepresented in the results, being addressed in 12 of the 23 studies
analyzed in the systematic literature review by Granja et al [44]

P4 (improves the patient’s health) Telehealth is a safe option for delivery of self-management support [45]

Pg (improve the effectiveness of my  Several examples of real-world evaluations of working teleconsultation
work) services have demonstrated that they can achieve meaningful reductions
in did not attend (DNA) rates [46]

Social influence—IoU S3(I'll do teleconsultationswhenever  Theliterature emphasizestherole of physiciansin promoting telemedicine
the patient wants to) use [10]

Facilitating conditions—IoU

F» (beneficial in my patient manage- DNA rates were lower (13% vs 28%) and HbA 1 control improved in pa-
ment and treatment) tients that chose to attend by teleconsultation [47]

F4 (will not interfere with confiden-  Lack of policies that guarantee the patient’s privacy and confidentiality

tiality of the patient’s health data) when using and transferring information, lack of authentication by health
professionals, and lack of attribution of responsibility for the quality of
services are barriersto the adoption of telemedicinein health services[48]

Fg (may reduce the costs of theNa-  In the past, the use of telemedicine was strongly dependent of technology

tional Health System) costs (eg, [49]). Nowadays, technology allows cost savings: areport on
telehealth servicesin Scotland found that teleconsultations for a 10-week
rehabilitation course could be delivered for 3% to 10% of the cost associ-
ated with an outreach model (in which the therapist travels) or acentralized
model (inwhichthe patient travels), with savings primarily being delivered
through reduced travel costs [50]

Attitude—loU

A1 (good way of providing health O’ Cathail et al [8] summarize contradictory studies: some show that

care services) physicians lack confidence in their teleconsultation diagnosis; others as-
sessed the concordance of diagnosisin both an inpatient and outpatient
setting in neurology and found 96%-100% of cases were accurately diag-
nosed and managed via tel econsultation

A, (itisagoodideato useteleconsul-  Amid the COVID-19 pandemic: patients can keep in touch with their

tations at home) routine physicians via teleconsultations; physicians could ensure drug
compliance; educate patients and their caregivers; make patients aware of
the common symptoms of hypoglycemia; and help patients cope with
psychological problems[51]

A3 (itisunpleasant to useteleconsul- - The opening phase of the consultation was found to be unfamiliar, leading
to interruptions and apologies on both sides whereas a dialogue flow was

tations at home) b established [52]

A4 (teleconsultation will beacom-  No literature exploring this specific variable association was found
mon method in the future)

As (teleconsultations at home can be  In some cases, the inability to perform some aspects of physical examina-
asupplemental health care service)  tion islikely to restrict video outpatient teleconsultations utility for more
routine outpatient appointments [9]

Secondary contributors

Expected performance—I|oU
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Canonical correlation analysisas- Variable

sociation

Literature

P1 (I will be able to complete the pa-
tient's medical consultation more
quickly)

Ps (I will be able to examine the pa-

tient aswell as | would during face-
to-face consultations)

Expected effort—IoU E; (I can understand the medical

problem correctly)

Facilitating conditions—IoU

F1 (teleconsultations at home facili-
tate contact with the patient)

F 3 (teleconsultations at home can
invade patient’s privacy)

According to Benger et a [38], teleconsultationswere, on average, almost
twice as long as their face-to-face equivalent. However, more recent
studies found them to be shorter (eg, [9])

O’ Cathail et a [8] review showsthat: (1) alack of confidence on telecon-
sultation diagnosis exists among professionals, (2) studies in neurology
assessed the concordance of diagnosisin both an inpatient and outpatient
setting and found that 96%-100% of caseswere accurately diagnosed and
managed via teleconsultation

O’ Cathail et a [8] review showsthat: (1) alack of confidence on telecon-
sultation diagnosis exists among professionals, (2) studies in neurology
assessed the concordance of diagnosisin both an inpatient and outpatient
setting and found that 96%-100% of cases were accurately diagnosed and
managed via teleconsultation

Morris et al [47] show that, among a diabetic cohort, teleconsultation im-
proved the DNA rate from 28% to 13% and HbA 1 control

Some health professional s thought tel econsultations were an invasion of
patients’ personal space [36]

8 0U: intention of use.
bvariablesin italic had a negative sign in the predictors set.

Patients
The analysis between the set of predictor variables and 1oU
yielded one significant function with a canonical correlation of

0.98 (P<.001) and a canonical R? of 0.93. The model explains
about 98% (1-Wilk A=1-0.01789) of the variance shared among
the variable sets.

E, (can explain medical problems using a computer), S; (will
have TH whenever the counterpart wants to), F, (will be
beneficia to manage the disease), and A5 (can be asupplemental

care service) were the primary contributors to the predictor
synthetic variable.

Ps (will save time), E; (medical problem can be correctly
understood), E; (will only beused if easy to learn), F, (facilitates
contact with counterpart), F5 (can invade privacy), F, (will not
interfere with confidentiality of health data), A (isagood way
to provide health care), and A; (will be unpleasant to use TH to
receive health care) were secondary contributors. The coefficient
of 15 (will not be used routinely) is negative because it was
negatively related to all the predictors except F; and Ag: the
perception that technology can invade patients' privacy (Fs)
and that to use teleconsultation will be unpleasant (Ag) were

positively associated with not using teleconsultation routinely
(I3). These results generally support the theoretically expected

relationships (Table 4).

Physicians

The analysis between the predictors and loU yielded one
significant function with a canonical correlation of 0.95

(P<.001) and acanonical R? of 0.91. The model explains about
99% (1-Wilk A=1-0.01010) of the variance shared between the
variable sets.

https://humanfactors.jmir.org/2021/4/e27873

The primary contributors to the predictor synthetic variable
were TH can improve my productivity (P,), management of
patient care (P5), the patient’s health (P,), the effectiveness of
my work (Pg), E; (medical problem can be correctly understood),
S; (will have TH whenever the counterpart wants to), F, (will
be beneficial to manage patients and their treatment), F, (will
not interferewith confidentiality of health data), F5 (can decrease
the National Health System costs), A, (isagood way to provide
health care services), A, (isagood ideato use TH), Az (will be
unpleasant to use TH to provide health care), A, (a common
method for providing health care in the future), and A5 (can be
a supplemental health care service). P; (medical consultation
can be compl eted faster), Ps (patient examination is as good as
in face-to-face consultations), F; (facilitates contact with
counterpart), and F; (can invade patient’'s privacy) were
secondary contributors. The structure coefficient of 15 is
negative; therefore, F5 and A; are positively associated with | 5.
All other significant predictors were negatively associated with
thel;. Theresults are described in Table 5.

Per ceptions of Patients Ver sus Perceptions of Physicians

In terms of expected performance (H12), for physicians, al the
variableswere statistically associated with 1oU. For the patients,
only Pg (economy of time) was statistically associated with 10U,
but the loading was relatively low (0.62). On the contrary, for
the patients, all expected effort (H13) variableswere statistically
associated with loU, whereas for physicians, only E; (being
able to understand the medical problem correctly).

Interms of social influence (H14), the theoretical relationships
from the literature were not confirmed: only S; (willingnessto
do TH whenever the counterpart wantsto) exhibited statistically
significant associations with loU.
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Relativeto facilitating conditions (H15) and attitude (H11), the
results for both groups were generaly supportive of the
theoretically expected relationships (with higher loadings for
physicians). All facilitating conditions except F5 (TH can
decrease National Health System costs) were statistically
associated with loU for the 2 groups. F5 was statistically
significant only for the physicians. In terms of attitude, the
perception that TH was a good way to provide health care
services (A;) as supplemental care (As) was positively
associated, and unpleasant to use to provide or receive health
care (A;) was negatively associated with 1oU for both groups.
Perceiving that TH will be a common method in the future (A 4)

was positively associated with 1oU only for physicians.

H2: The Predictors Derived From the Literature
Positively | nfluence Attitude

Demographic data were not associated with attitude and, for
physicians, confidence in ICT use. H21 and H22 cannot be

Regoet d

rejected for both groups, and H24 (specifically, relative to
C3—confidence in making videocalls) cannot be rejected for
patients.

Figure 4 showsthe canonical associations between the predictors
and attitude. For physicians (canonical R? of 0.96), expected
performance and E; (understanding the patient's medical
problem correctly) were associated with attitude, all as primary
contributors. For the patients (canonical R? of 0.85), higher
associations were observed with expected effort, C;, P, (medical
consultation can be completed faster), P, (can improve patient’s
health), and Pg (will save patient’stime). Py, Pg, and E; arethe
primary contributors. Table 6 synthetizes the major driversand
barriers of TH for the DM.

Figure 4. Canonical associations between predictors and attitude. CCA: canonical correlation analysis.

Physicians
P, (0.74)
78% of 82% of
P,(0.81) variance (0.96) variance
P,(0.85)
P,(0.87)
Ps(0.83)
E,(0.77)
Legend:

M - Expected performance;

- Expected effort;

A,(0.94)
A;(0.94)
A3(-0.92)
A,(0.83)
A5(0.78)

Patients
P.(0.71) A (055)
Ps(0.81) 58% of 57% of
P, (0.49) variance  (0.85) variance A;(0.86)
(0.
E, (0.68) A3(-0.78)
E,(0.61)
A, (056)
E,(0.45)
C,(0.46) As(0.81)
- Confidence in ICT use; | - Attitude;

- Correlation coefficients between the two variable sets.

Color tone and width variations represent CCA functions load sizes.
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Table 6. Home teleconsultation barriers and drivers.

Regoet d

Categories used to predict intention to use and attitude

Barriers

Patients

Physicians

Drivers

Patients

Physicians

Expected performance

« Noneidentified

Expected effort

«  E;- physician can (not) under-
stand patient’s medical prob-
lem correctly

«  Ey—patient canexplain her/his
medical problems using the
computer

o  Ez—patient will only useif it
iseasy tolearn

Social influence

« Noneidentified

Facilitating conditions

o  Fz—caninvadepatient’spriva-

o  F4—useinterferes with confi-
dentiality of patient’s health
data

Attitude

e Ag—itisunpleasant for physi-
cian—patient relationship

«  Ag—should (only) beasupple-
mental health care service

Ps—able or unable to exam-

ine the patient as well as he
or shewould in face-to-face
consultations

E;- physician can (not) under-
stand patient’s medical prob-
lem correctly

None identified

Fs—caninvade patient’s pri-
vacy
Fs—useinterfereswith confi-
dentiality of patient’s health
data

Ag—it is unpleasant for
physician—patient relation-
ship

As—should (only) be a sup-
plemental health care service

Confidencein Information and communication technology use

« Noneidentified

None identified

« Pg—savespatient'stime

. Noneidentified

*  Sz—willingnessto do TH?

whenever the physician or
patient wants to

«  Fi—facilitates contact with
the patient or physician

o  Fy—beneficial to patient
management and treatment

. Aj—isagoodway of provid-

ing health care services

«  Cg—confidence in making
videocalls

P1—consultation will be
faster

Po—improves physician’s
productivity

Pz—improves patient manage-
ment care

P,—improves patient’s
health

Ps—improves effectiveness
of physician’swork

Noneidentified

Sg—willingnessto do TH
whenever the physician or
patient wants to

F1—facilitates contact with
the patient or physician
Fo—beneficial to patient
management and treatment
Fs—may reduce the costs of
the National Health System

A,—isagood way of provid-
ing health care services
A,—itisagood ideato pro-
vide TH

A,—TH will be acommon
method in the future

Ca—confidence in making
videocalls

3TH: teleconsultations at home.

bvariablesin itaic had a negative sign in the predictors set.
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Discussion

Principal Findings

The main contribution of this study is the identification of
relationships among aset of construct predictorstaken from the
literature and the intention to use (synchronous) home
teleconsultations.  Obtaining  insights  about  home
teleconsultations from the stakehol ders directly involved in the
health care interaction—that is, patients and physicians, is
particularly important in a time of great pressure for health
systems and when an important portion of health care hasto be
assured at a distance.

TH appear to be safe and effective in appropriate clinical
situations [9]. In addition, it should not be forgotten that more
vulnerable fringes of the population would not have the
resources needed for this type of consultation; for example, in
our sample, some older patients had never used computers,
smartphones, or tablets. Physicians and patients will likely be
supportive of their useif they are offered as supplementa and
insupport of traditional care modelsrather than to replacethem
(most of the 2 samples agreed with thistype of teleconsultation,;
Multimedia Appendix 2, variable As). Thisresultisinlinewith
thefindings of Gilbert et al [37], from the patient’s perspective,
and Greenhalgh et al [9], from that of the physicians.

Health illiteracy and the physical examination ritual (referred
by Haig-Ferguson et al [36] in the context of apediatric chronic
fatigue service) may explain why patients see TH only as an
extra health care service. Patients should be encouraged and
supported for their use.

Expected performance factors (time savings, increased
productivity or efficiency, better disease management, health
improvement, and quality of the clinical examination) werethe
most important factors for intention to use among physicians,
which isin line with the literature (Table 5). On the contrary,
except for time savings, patients' perceptions did not reveal an
associ ation between performance variables and intention to use.

Another difference concerns the expected effort needed to use
TH. For the patients, explaining and being understood when
communicating their medical problems using the computer and
the technology being easy to learn are positively associated
with intention to use. This type of concern has been identified
intheliterature[8]. For physicians, these factors are not related
to the intention to use, except for the necessary effort to
understand the patient’s problem. In their systematic literature
review on physicians' eHealth adoption, Granja et al [44]
concluded that the major facilitators of eHealth are the quality
of the diagnosis and patient-centered care.

For both groups, the only social influence variable associated
with intention to use was the willingness of patients or
physicians to participate in TH if their counterpart wants to,
which meansthat each group can encourage the use of the other.
Theliterature hasonly referred to theimportance of physicians
recommendations for teleconsultation [10].

For both patients and physicians, al facilitating conditions and
attitude variables toward using TH were associated with

https://humanfactors.jmir.org/2021/4/e27873
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intention to use, which is in accordance with the literature
(Tables 4 and 5).

Curiously, contrary to the evidence described in the literature
(eg, [53]), this study did not find a statistically significant
association between demographic data or confidence in ICT
use and attitude for any of the groups, with the exception of
confidence in using video calls for patients. The current
COVID-19 pandemic has led many people to communicate
through videoconferencing. Given that our results point to a
positive associ ation between confidencein the use of video calls
and attitude, the pandemic situation may have been a booster
for patients TH adherence. For teleconsultations to be an
effective addition to health services beyond COVID-19 they
should be considered not only as atechnological issue, but also
as a complex organizational change problem [54]; from the
aspects raised by the authors, we would like to highlight the
need for adjusted legal frameworks and reimbursement schemes.

Major barriers to TH use identified were: (1) the inability to
correctly understand the medical problem, (2) threatsto patient
privacy, (3) health data confidentiality, (4) unpleasantness of
TH to provide or receive hedlth care, and (5) type of TH use
(supplemental care service). On the basis of the perceptions of
patients, costs do not seem to be a barrier to TH use, contrary
to what has been described in the literature [8]. Probably, this
result was observed because, nowadays, technological devices
that can be used to make tel econsultations (smartphones, tablets,
laptops, etc) are easily available in most of the situations. As
digital interaction generally hasinsignificant costs for patients,
cost is highly dependent on the existence of the technology.

The major identified TH drivers were (1) the perception that
they facilitate contact, and (2) the fact that the use by each group
was highly influenced by the other. Furthermore, physicians
are very sensitive to issues related to the performance and
quality of service.

The sampling methods limit the generalizability of the results.
The composition of the patients' sample in terms of age and
education was similar to that of the general population in
northern Portugal. However, the proportion of patients with
type 1 (type 2) DM inthe sampleishigher (lower) than expected
in the population [4]. Thus, the patients’ population may be, on
average, older and less educated than the sample in this study.
As the data concerning the perceptions of physicians were
collected on web, the sample may be, on average, more
technology favorable than the population. Nevertheless, both
samples included individuals ranging from more positive to
more skeptic about TH. In addition, the results were compared
with and discussed against the findings of related studies.

A CCA reveded a strong association between the predictors
and the set of dependent variables, in line with the literature.
The data analysis included a joint critical comparison of the
perceptions of patients and physicians. To promote the use of
home teleconsultations for DM, decision makers should: (1)
improve patient health literacy, as the inability to explain
medical problems correctly emerges as a barrier to
teleconsultation use; (2) explore ICT developments to reduce
current limitations of non—face-to-face examination; (3) ensure
patient privacy and data confidentiality; and (4) demonstrate
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the capabilities of hometeleconsultationsto physicians, namely,
in terms of the ability to enhance patient—physician
communication and to educate patients and their caregivers
toward a better management of the disease.

Regoet d

aspects like, for example, fuel consumption, carbon emissions,
and loss of work productivity. A recent review [55] concluded
that, as patients, health care organizations, and nations continue
to look toward video consultations as an alternative, it is

. essential to continue to theorize in this domain.
Conclusions

In the future, it would be interesting that research about
teleconsultations acceptance incorporated sustainability related
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Abstract

Background: Two barriers to effective enrollment decisions are low health insurance literacy and lack of knowledge about
how to choose a plan. To remedy theseissues, digital decision aids have been used to increase the knowledge of plan options and
to guide the decision process. Previous research has shown that the way information is presented in a decision aid can impact
consumer choice, and existing health insurance decision aidsvary in their design, content, and layout. Commercial virtual benefits
counselors (VBCs) are digital decision aids that provide decision support by mimicking the guidance provided by an in-person
human resources (HR) counsel or, whereas more traditional HR websites provideinformation that requires self-directed navigation
through the system. However, few studies have compared how decision processes are impacted by these different methods of
providing information.

Objective:  This study aims to examine how individuas interact with two different types of health insurance decision aids
(guided VBCs that mimic conversations with areal HR counselor and self-directed HR websites that provide a broad range of
detailed information) to make employer-provided health insurance decisions.

Methods. Intotal, 16 employeesfrom alocal state university completed auser study inwhich they made mock employer-provided
health insurance decisions using 1 of 2 systems (VBC vs HR website). Participants took part in a retrospective think-aloud
interview, cued using eye-tracking data to understand decision aid interactions. In addition, pre- and postexperiment measures
of literacy and knowledge and decision conflict and usability of the system were also examined.

Results: Both the VBC and HR website had positive benefits for health insurance knowledge and literacy. Previous health
insurance knowledge also impacted how individuals used decision aids. Individuals who scored lower on the pre-experiment
knowledge test focused on different decision factors and were more conflicted about their final enrollment decisions than those
with higher knowledge test scores. Although both decision aids resulted in similar changes in the Health Insurance Literacy
Measure and knowledge test scores, perceived usability differed. Website navigation was not intuitive, and it took longer to locate
information, although users appreciated that it had more details; the VBC website was easier to use but had limited information.
Lower knowledge participants, in particular, found the website to be less useful and harder to use than those with higher health
insurance knowledge. Finally, out-of-pocket cost estimation tools can lead to confusion when they do not highlight the factors
that contribute to the cost estimate.

Conclusions: This study showed that health insurance decision aids help individuals improve their confidence in selecting and
using health insurance plans. However, previous health insurance knowledge plays a significant role in how users interact with
and benefit from decision aids, even when information is presented in different formats.

(JMIR Hum Factors 2021;8(4):€27628) doi:10.2196/27628
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Introduction

Background

Health insurance enrollment is a complex decision based on
many factors, such asprice, product attributes, and current health
status, and can significantly impact a person’s health and
financial circumstances [1]. Making an informed decision
depends on aperson’sknowledge, literacy, cognitive skills, and
confidenceto carry out said tasks[2]. Despite the consequences
of thischoice, only 4% of adultsin the United States understand
basi c health insurance terminology and often get overwhelmed
by the complexity of the decision [3,4]. In addition, health
insurance plans can be challenging to understand, especialy if
the decision-maker has limited financial or health insurance
literacy [2,5]. Previous research has shown that the way
information is presented in the decision aid can impact consumer
choice [6]. Factors such as the order in which plans are
presented, word choice and symbol use, and difficulty infinding
information can significantly affect trust in the information and
consumer choice [1,7]. Therefore, understanding how
individualsinteract with sources of health insuranceinformation
isakey component in improving informed decision-making.

Over 55% of Americans receive health insurance from their
employer [8]. Some employers have used virtual benefits
counselors (VBCs) to provide further decision support for their
employees. VBCs are designed to provide guided support by
mimicking a one-on-one interaction with a human resources
(HR) representative. Although there has been limited research
on healthinsurance decision aids[6,9,10], VBCsare arelatively
new product for supporting health insurance choices that
combine access to tools, such as cost estimators, and further
guidance and recommendations presented through a
conversational interface. The effects of this more guided
approach to decision-making are still not well understood, and
little research has examined how guided systems affect
consumer health insurance decision-making when compared
with traditional self-directed methods such as websites.

VBCs may be of particular benefit to low-literacy consumers,
as previous research has shown that these consumers often
confuse health insurance concepts [2]. Kodagoda et a [11]
found that userswith low reading literacy, numeracy, and digital
literacy tend to end information searches early (dueto perceived
completion of task), take longer to compl ete the tasks, and have
less directed searching strategies than high-literacy users. In
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addition, low-literacy users are less able to predict where
information would be on a website accurately, are less able to
find information on websites, and are less likely to verify the
information found. VBCs guide users through the enrollment
process and provide relevant information and recommendations
on the basis of cost cal culations using aconversational interface.
Consequently, they have the potential to help users, especialy
those with lower literacy, make informed health insurance
enrollment decisions. The guided decision support provided by
a VBC system has the potential to improve a user’s ability to
find relevant information and ensure that they consider important
factors while making their enrollment decisions.

User interactions with health insurance information and digital
decision aids, such as VBCs and HR websites, are likely to be
impacted by their incoming knowledge and previous health
insurance use[3]. Furthermore, if participants are ableto become
more knowledgeable and literate about health insurance
information, they are likely to become more informed and
confident decision-makers. These changes may haveinfluenced
the factors considered during the decision process. However,
few studies have directly compared VBCs and HR websites,
particularly for employer-provided plans. Most studies have
also largely relied on reviews of health insurance enrollment
data sets[12] or web-based evaluations of decision aids[10] to
eval uate the effectiveness of these decision aids, which makes
it more difficult to understand the user’'s decision process as
they interact with these tools. Thus, this exploratory study uses
a think-aloud method to understand how an individual’s
interaction with the guided VBC decision aid versus
self-directed information provided on HR websites influences
the user’s decision process and measures that may impact the
final decision quality: health insurance knowledge, literacy,
decision conflict, system usability, and decision processes.

Health I nsurance Decision Aids

Virtual Benefits Counselors

This study uses Alex, a VBC created by Jellyvision Lab Inc,
which was customized to the specific plans provided by the
employer. Alex uses a conversational question-and-answer
interface with colorful animations, text, and a fully voiced
personality (Figure 1). The conversation guidestheinteractions
of the user and helpsto structure the decision process. Alex also
interjects at different points to provide definitions or
clarifications of the information provided.
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Figure 1. Screenshot of the Jellyvision Lab Inc's Alex interface.
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HR Website

HR benefitswebsites provide a self-directed experiencein which
usersnavigate freely between different pages. During the study,
the state university’sHR benefitswebsite had health information
distributed across two areas: a general benefits section and a
dedicated section on health insurance. Information about
eligibility, comparison charts between plans, and enrollment
processes can be found on these pages. The HR website also
provides links to the state’s health insurance website, where
details about the different plan options (Health Maintenance
Organization and Preferred Provider Organization) including
costs (ie, deductibles, premiums, copays, and coinsurance),
network size, and coverage were presented using digital
brochures and tables. Overall, the website provided detailed
information that was distributed nonlinearly across multiple
pages and lacked the cost estimation tools found in the VBC.

Methods

Participants

Participants were recruited as part of a survey studying sources
of hedlth insurance information used to make enrollment
decisions at a local employer (a university campus) that has
been reported elsewhere [13,14]. Links to the survey were
distributed to the staff and faculty, resulting in a total of 140
complete responses. Of these 140 responses, 113 (80.7%)
indicated an interest in participating and were contacted for
recruitment. A total of 16 employees enrolled and completed
the user study and were randomly assigned to either the VBC
or HR website. All participants indicated that they had primary
(11/16, 69%) or shared responsibility (5/16, 31%) for health
caredecisionsin their household. Data collection wasimpacted
by COVID-19 during the data collection phase, which resulted
in asmaller participant sample than that initially planned. This
study was approved by the local institutional review board.

Experimental Task

To understand how guided and self-directed information support
affects informed health insurance decision-making, a mock
health insurance enrollment task along with a retrospective
think-aloud method was used. Retrospective think-alouds can
detect issues during user interactions and help encourage
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participants to verbalize comments about their thoughts and
interactions with the system [15].

Mock Health I nsurance Enrollment Task

Participants were asked to make a mock health insurance
enrollment decision for the upcoming year for their household.
They were provided with adecision aid to assist them with this
task: either the VBC or HR website. Participants were asked to
stay within the bounds of the provided system and were directed
to return to the system if they exceeded these bounds (eg, |eft
the HR website to use Google).

Think-Aloud I nterview

A retrospective think-aloud method was used to understand the
participants’ motivations and strategi eswhen navigating through
their assigned system. Participants were asked to explain their
thought process, the information they were looking for, and
anything they were confused or unsure about while watching a
video of their gaze behavior while using the system, which was
captured using an eye tracker. The experimenters occasionally
prompted participantsto verbalize their thoughts and reasoning
behind decisions throughout the interview and ask for
clarificationswhen required. Theinterviewswere recorded and
transcribed using a Hedth Insurance Portability and
Accountability Act—compliant transcription service.

Procedure

The experiment consisted of five phases. (1) Training:
participants were introduced to the purpose of the study,
eye-tracking equipment, and think-aloud methodology. They
then went through a training session where they were
familiarized with the eye tracking and think-aloud processwith
a simple decision task. (2) Pre-experiment questionnaire:
participants were given a pre-experiment questionnaire that
measured their health insurance literacy and health insurance
knowledge; (3) mock health insurance enrollment task, as
described in the experimental tasks. (4) Postexperiment
questionnaire: after making their enrollment decision,
participants were again asked about their health insurance
literacy and knowledge. Participants were also asked to fill a
decision conflict scale and to rate the usefulness and ease of use
of the system; (5) a retrospective think-aloud interview, as
described in the experimental tasks. The experiment was
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conducted by a trained graduate and undergraduate research
assistant in an office-like environment. The experiment took
approximately 90 minutes.

Experimental Design and M easures

The main independent variable was the decision aid system
used to assist with the mock enrollment decision, either the
VBC or HR website. The response measures were the thematic
analysis of the think-aloud interviews and questionnaire data
delivered before and after engaging with the system.

Thethematic analysis of thethink-aloud interviews allowed for
the identification of decision factors discussed by participants
during their use of the 2 systems. These factors provide insight
into the variables considered by the participants while making
enrollment decisions. Think-aloud interviews were also used
to identify themes about how participants interacted with the
guided VBC and self-directed HR website decision aid systems.

Four sets of questionnaire data were also examined to help
understand the participants’ health insurance literacy, confidence
in decision-making, and perceived usability of the 2 systems.

The Health Insurance Literacy Measure (HILM) is a 21-item
self-report questionnaire that asks participants to assess their
self-efficacy in four subcomponents of health insurance related
to confidence and likelihood of demonstrating health insurance
literate behaviors: confidence in choosing a plan, comparing
plans, confidence in using a plan, and being proactive when
using a plan. Participants rated each item on a 7-point scale
(from “1-extremely low/extremely unlikely” to “7-extremely
high/extremely likely”), which was averaged to calculate ascore
for each category.

The knowledge testsincluded seven true or fal se questions about
different health insurance concepts and definitions. One test
was adapted from aprevious study on health insurance decision
aidsby Politi et al [10]. A second version of thetest was created
with a similar difficulty. The order of the tests was
counterbalanced.

The SURE (Sure of myself; Understand information;
Risk-benefit ratio; Encouragement) measureisaseriesof 4 yes
or no questions designed to measure decisional conflict, with
higher scores indicating less decisional conflict [16].

Participants were also asked to rate the usefulness and ease of
use of the system on a 10-point scale (from “1-not useful at
al/not easy to use at al” to “10-extremely useful/extremely

easy to use”).
Apparatus

Participants used a 15-inch laptop with an attached mouse to
navigate through the decision aids. Eye-tracking data were
collected using a Tobii Pro Nano screen-based eye tracker, and
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aretrospective think-aloud was facilitated using Tobii Pro Lab
software [17].

Data Analysis

Emergent Themes Anaysis (ETA) was used to identify the
factors that each participant mentioned during their enrollment
decision while using the 2 decision aid systems. ETA has
previously been used to understand decision processes [18,19]
and user interactions with decision aids [11,20]. The process
started with identifying broad themes or conceptually related
topics found within the transcripts through an initial high-level
reading of the data. Threeresearchers (WCWG, JC, and MMA)
completed this process and identified a number of common
themes that were mentioned by many of the 16 participants.
These themes were consolidated through a card-sort. This
analysis was supplemented with observations and quotations
about the users' strategies to engage with the decision aids.
Participants were also divided into 2 groups—those who came
into the experiment with lower health insurance knowledge
(scores<6/7) and those with higher health insurance knowledge,
and this variable was used in subsequent analyses.

Owing to the small sample size, exploratory data analysis was
conducted on the questionnaire data to better understand the
effects of interacting with the decision aids on health insurance
literacy and knowledge, SURE scores, and usefulness and ease
of useratings. These descriptive quantitative data were further
supported using excerpts from think-aloud interviews.

Data from 2 participants were partially impacted by data
recording issues. The pre-experiment questionnaire data for 1
VBC participant was lost, and their data were excluded from
the analysis of the HILM, knowledge test, SURE scores, and
usefulness and ease of use ratings. An HR website participant
had eye-tracking data recording issues during the mock health
insurance enrollment task, resulting in athink-aloud interview
based on a video of the interactions rather than prompted by
eye-tracking data; these data were kept within the data set.

Results

Respondent Demographics and Characteristics

The demographics of the 16 participants are presented in Table
1. Participants were predominantly female (12/16, 75%), and
the majority were married or in a domestic partnership (10/16,
63%). However, most of the participants came from small
households of either 1 or 2 individuals (11/16, 69%). Finally,
most participants chose the Health Maintenance Organization
plan (10/16, 63%) over the Preferred Provider Organization
plan. Both plans had similar desirability asthey covered similar
procedures and services and had the same monthly premium
but differed in terms of network, deductible, and coinsurance
or copays.
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Table 1. Participant demographics and plan choice.

Giang et a

Demographics VBC? participants (n=8), n (%) Human resources website participants (n=8), n (%) Total (n=16), n (%)
Gender

Female 7(88) 5(63) 12 (75)

Male 1(12) 3(37) 4 (25)
Age (years)

18-24 1(12) 1(12) 2(12)

25-34 4 (50) 3(37) 7 (44)

35-44 2(25) 2(25) 4(25)

45-54 1(12) 1(12) 2(12)

55-66 0(0) 1(12) 1(6)
Marital status

Married 4(50) 6 (75) 10 (63)

Not married 4 (50) 2(25) 6 (37)
Average time since hire (years)

<1 2 (25) 2(25) 4(25)

2-5 4(50) 3(38) 7 (44)

>5 2 (25) 2(25) 4(25)
Number of additional family members covered in the plan

0 3(38) 2(25) 5(31)

1 3(39) 3(39) 6(38)

24 2(25) 3(39) 5(31)
Selected plan

HMOP 6 (75) 4(50) 10 (63)

PPOC 2(25) 4 (50) 6 (37)

8/BC: virtual benefits counselor.
PHMO: Hedlth Maintenance Organization.
®PPO: Preferred Provider Organization.

Health Insurance Literacy and Knowledge

Table 2 shows the pre- and postexperiment scores for the 4
dimensions of the HILM and the knowledge test for the VBC
and the HR website. Across the sample, participants tended to
rate their confidence and likelihood of performing health
insurance literate behaviors as higher than neutral, with the
scales relating to likelihood of performing health literate
behaviors (eg, comparing plans or being proactive) scoring
higher than the confidence scales (eg, confidence in choosing
or confidence in using). Figure 2 shows the differences in the
HILM scores for each participant after interacting with the
decision aid. Across al four subcomponents, the differences
appeared to be similar for the VBC and the HR website.
However, most participants reported an increase in their
confidence in choosing (8/15, 53%) and using (10/15, 67%)
their plans, which agreed with the larger magnitude in scores
seenin Table 2 (Choosing: A=0.43; Using: A=0.44). In contrast,
the 2 HILMs related to health insurance literate behaviors had
more variable results after interaction with both the VBC and
the HR website.
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Surprisingly, thetrend of the data suggested that the comparing
plans literacy subcomponent decreased after interacting with
the decision aids, and the magnitude of this decrease was larger
for the VBC. The interview data provided additional evidence
for this, with multiple VBC participants commenting that they
were often confused by the outputs of the cost estimation tool
asthe Health Maintenance Organi zation and Preferred Provider
Organization plansresulted in very similar out-of -pocket costs.
Thus, participantsfelt that the VBC recommendations were not
useful becausethey did not understand why a plan was sel ected.
For instance, 1 VBC participant commented:

And this is when | came up to the not very helpful
conclusion that the plans are essentially the same.
[...] I wasalittle surprised. | figured there would be
alittle bit more difference between the two programs.
And then, | said, “It's not really helpful,” because
it'snot, | mean, they're so similar and they don’t do
a good job in this [VBC] system, in my opinion, of
explaining what the differences are and really
highlighting those differences, because there are
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differences, and | think they really should emphasize
those instead of basically saying, “ Oh, well, they're
the same” [[ID03, VBC]]

This quote highlightsthat participants may not have been using
the information provided by the VBC's cost estimation toolsto
their full extent. As mentioned previously, the cost estimation
tool allows usersto estimate their yearly out-of-pocket costs by
guiding users by estimating health insurance use throughout the
year and automatically calculating thefinal costsfor thedifferent
plan options. One method for using such atool isto allow users
to estimate the effects of different health insurance use scenarios.
For example, participants may want to see how the costs of each
plan changeif they require major surgery in the upcoming year.
Participants appeared to be aware of this possibility, with one
participant commenting during their interactions with the cost
estimation tool, “But | think, yes of course you want to include
like at least one [specialist visit], because at least maybe show
you the cost differential.” [ID12, VBC]

By exploring these different outcomes, users may be better able
to understand the differences between the provided plans and
how uncertainty in their own health insurance use might impact
the overall costs. However, none of the participantsin our VBC
condition used the cost estimation tool. Instead, some

Giang et a

participants commented that they would have liked to see how
their use choices influenced the VBC's cost estimation:

That's exactly what | would have liked, is a
breakdown of all thosethingsthat | chose, like, which
one of them [was contributing to the costs] because
then | could be like, “W&ll, | put two ER costs, but
that’s not really the biggest deal here” | think that
would have been helpful. [ID08, VBC]

These results suggest that cost estimation tools should highlight
how changes in health insurance use would impact the final
out-of-pocket costs, and this design change may lead to users
considering amore diverse set of health care use scenarios.

As shown in Table 2, participants in the sample had relatively
high knowledge test scores (out of 7) before interacting with
the decision aids (VBC: median 6, range 3-7; HR website:
median 5.5, range 4-7). Their knowledge test scores increased
after interacting with the decision aids (VBC: median 6, range
4-7; HR websitee median 7, range 6-7). The average
improvement in knowledge test scoreswas similar between the
VBC (A=1.14) and HR website (A=1.13). Theseresults suggest
that both decision aid systems improve health insurance
knowledge.

Table 2. Sample means and SDs for pre- and postexperiment Health Insurance Literacy Measure and knowledge test scores.

Dimensions and test VBC? (n=7), mean (SD)

Pre-experiment

Postexperiment

Human resources website (n=8), mean (SD)

Pre-experiment Postexperiment

Confidence in choosing 410 (1.14) 45 (1.03) 456 (1.37) 5.02 (1.36)
Comparing plans 5.60 (1.14) 5.24 (1.62) 5.52 (1.40) 5.48 (1.27)
Confidence in using 3.97(1.23) 4.46 (0.97) 4.45 (1.65) 4.85 (1.61)
Being proactive 5.54 (0.87) 5.71(0.81) 6.09 (0.76) 6.34 (0.33)
K nowledge test (%) 71.4 (23.2) 87.7 (15.3) 80.3 (15.1) 96.4 (6.6)

3/BC: virtual benefits counselor.

Figure 2. Differencesin post- and pre-experiment Health Insurance Literacy Measure scores. HR: human resources; VBC: virtual benefits counselor.
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Decision Factors

The thematic analysis in Table 3 identifies severa decision
factors considered by the participants during their enrollment
process. Thetypes of factors considered by participantsin both
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RenderX
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the VBC and HR website conditions were relatively similar,
with network size, use costs, and coverage costs being the
factors considered most frequently, and the ease of use and
understanding plans being the factors considered least
frequently.
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Table 3. Decision factors considered by participants during the enrollment process compared across decision aid (virtual benefits counselor [VBC] vs
human resources [HR] website) and pre-experiment knowledge test (KT) scores (low vs high).

Decision factor  Definition Example quotes VBC (n=8), HRwebsite Low KT High KT
n (%) (n=8),n (%) score(n=7), score(n=8),
n (%) n (%)
Network size  Consideration  “HMO isnot agood thing. | mean, it'snot good. | 6 (75) 7(88) 6 (86) 6 (75)
of the size of knew it, but based on your information, again, it's
the network or  not good for out of network at all. But still there'sa
whether their high probability that | will be out of network, so |
providersor want to have some coverage for that specific thing.”
specidistswere [IDO1, VBC]
within the net-
work
Premium costs  The monthly “Those [premiums] arereally the coststhat | care 5 (63) 6 (75) 5(71) 5 (63)
premium costs  about more, becauseif I'm going to be payingit[...]
for each plan every single month I'll want to know that.” [IDO6,
VBC]
Use costs Copays, coinsur-  “It'stalking about the lower deductible at $250 a 6 (75) 7(88) 4 (57) 8 (100)
ance, and de- person or $500 a family.” [ID07, HR website]
ductible costs
Coverage costs Costsassociat- “Generaly, | havedrug costs|...] so, now | wentinto 7 (88) 6 (75) 5(71) 7(88)
ed with specific  the plan because | wanted to seeif therewasanything
treatments, pro-  on the cost of speciaty drugs. [...] Everything | was
cedures, or care  reading about confirmed that it was the right type of
and whether drug[...] itjust didn’t tell me the cost. I'm doing the
they are cov- same thing here looking for the cost of the specialty
ered by theplan drug, which is 100% covered under the HMO.”
[ID15, HR website]
Estimated out- Thetota yearly “What | wastrying to do overall wasfigureout my 6 (75) 6 (75) 6 (86) 5(63)
of-pocket costs estimated out-  total cost for the year in each plan. So then, | had to
of-pocket costs  figure out $500 ayear and that’s when | did the pre-
mium $420 versus $50 like what the $35 a month
savingswas. The high-deductible that wasagain like
- the savings would be not enough because the out-
of-pocket max is so high.” [ID15, HR website]
Easeof useof  How easy it “1"m just more familiar with the HMO and all of 3(38) 3(38) 2(29) 4 (50)
plan wastousethe  our —we haven’t had an issue where we couldn’t re-
plantoaccess  aly find a provider that was under a plan because,
and pay for care  you know, should you have chances, it's pret-
ty —yeah, it's pretty accessible.” [ID16, VBC]
Ease of under- How easy it “It seemsto me that the HMO is, you know, easier 2 (25) 2(25) 3(43) 1(13)
standing the wastounder-  to understand. | tend, you know, not to trust... these
plan stand the plan  two [Plan Name] plans, because it is confusing.”

[1D02, HR website]

These results were surprising because of the very different
information presentation methods and tools provided in the
guided VBC and self-directed HR website. The VBC explicitly
offers a series of factors to consider through cost estimation
tools and highlights important plan features in comparison
tables. In contrast, the HR website requires individuals to
identify and seek relevant information and tools. The fact that
participants using both systems were able to identify similar
types of decision factors suggests that participantsin this study
had some idea of what elements they should look at while
searching for health insurance and agreed with the HILM and
knowledge test scores discussed previously. They did not
necessarily depend on the guidance provided by the VBC to
identify new, personally significant decision factors.

However, the ETA helped identify 2 elements that might make
it difficult for participants to use the decision factors, even
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though they had identified them. First, participants may struggle
to obtain accurate information about each factor; either they
were not able to quickly locate the information in the system
(acommon complaint for the HR website condition because of
the layout of the pages or not knowing the correct keyword to
search for, eg, “My routine bloodwork, | have ahard time kind
of finding bloodwork, but eventually, | figure out what term to
search for. | just used a search function to figure out both of the
keywords that | had in my mind” [ID05, HR website]) or the
information was not provided at a level of detal that the
participant desired (acommon issue in the VBC condition, see
the coverage cost quotein Table 3 for acontrasting HR website
example). Second, participants may not know how to use the
identified factors to make afinal decision. The VBC benefited
from acost estimation tool that hel ped usersestimate their yearly
costs based on user-provided estimates of their health insurance
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use for the coming year and calculate a final value. However,
participants in the HR website condition were required to
perform these calculations. Although many of the participants
in the HR website condition attempted to do so (eg, estimated
out-of-pocket cost quotein Table 3), these calculationsarelikely
to be more difficult and more error-prone without decision
support.

Table 3 also shows which factors participants with higher and
lower prior knowledge discussed. Many participantswith higher
pre-experiment knowledge test scores mentioned use costs (eg,
copays, coinsurance, and deductibles) during their think-aloud
interviews and considered ease of plan use during their
decision-making process. In contrast, participants with lower
knowledge test scores discussed how easy it was to understand
a health care plan during the think-aloud interviews. These
results further emphasize the vital role of health insurance
literacy in how individual sinteract with decision aids, regardless
of the guided or self-directed presentation methods.

Giang et a

Decision Conflict

The SURE score representsthe amount of decision conflict that
adecision-maker has about their final choice. Any score below
4 indicated aconflict or lack of comfort with thefinal decision.
Asseenin Table 4, participantsin both the VBC and HR website
conditions had some decision conflict, although those in the
HR website condition appeared to have less conflict. Thiswas
surprising because the VBC provided explicit guidance for the
decision process, whereas the HR website did not. However, 1
participant stated that it was this additional guidance that made
them less confident in their final decision when speaking about
the VBC's cost estimation tool:

Because it makes me have to stop and think about
these estimates of how much care | think | would need
[...] versusif| wasjust looking at the flat numbersin
my head, | probably wouldn’'t say, “ Oh, how many
of these visits do you do?” [...] | just look at the flat
numbers and say, “ Well, this one is cheaper” And |
gowith that. [[ID12, VBC]]

Table4. SURE (Sure of myself, Understand information, Risk-benefit ratio, Encouragement) scores for system type (virtual benefits counselor [VBC]
vs human resources [HR] website) and lower versus higher preinteraction knowledge test (KT) scores.

SURE score VBC (n=7), n (%) HR website (n=8), n (%) Lower KT scores (n=7), n (%) Higher KT scores (n=8), n (%)
0 2(29) 0(0) 2(29) 0(0)

1 0(0) 2(25) 2(29) 0(0)

2 1(14) 1(13) 0(0) 2(25)

3 1(14) 0(0) 1(14) 0(0)

4 3(43) 5(63) 2(29) 6 (75)

In contrast, participantsin the HR website condition may have
considered fewer unknown situations or novel factors when
making their decision. Many of the decision factors considered
by the HR website participants were those that had already been
previously considered before interacting with the decision aid
or an ongoing medical condition, for example:

Like as my [spouse] and | get older, [spousg] is
needing some surgeries. My children are in sports.
We travel quite a hit for sports. You just never know
when someone is going to get hurt. [IDO7, HR
website]

Asthesefactors were produced by the participants on their own
volition, they may have resulted in less conflict when making
the decision.

The SURE scores of participants who had lower pre-existing
knowledge (eg, lower scores on the pre-experiment knowledge
test) also appeared to have more decision conflict than those
who had higher scores (Table 4). Similar to participantsin the
HR website condition, participantswho had higher pre-existing
knowledge a so tended to have specific factorsthat they searched
for during the decision process, regardless of the system (eg, “I
did choose to look at the out-of-network versus the in-network
because it’s kinda topical right now for me. So, my [spouse] is
gonnago to New Mexico for atwo —like, two plus months...]
and [they] currently got some health problems.” [ID16, VBC]).

https://humanfactors.jmir.org/2021/4/e27628

Participants with higher knowledge also tended to be more
active users of their current plans and were much more familiar
with the health insurance enrollment decision. Thus, regardless
of the system type, previous knowledge plays asignificant role
in confidencein their final decision.

Usefulness and Ease of Use

Finally, participants were asked to rate the usefulness and ease
of using the two systems. Figure 3 shows the ratings across the
two systems for participants who scored low and high on the
pre-experiment knowledge test. The sample data suggest that
pre-existing knowledge about health insurance played arolein
how the participants rated the usability of the VBC and HR
website. A number of participants stated that they believed that
the VBC would be useful for those who had lower health
insurance literacy (eg, “I mean I'm familiar a little bit with
insurance like | definitely am not a person who knows nothing.
So, | can see at how it can be helpful for somebody with no
knowledge of health care” [ID16, VBC]), whereas those with
higher pre-existing knowledge commented that the VBC did
not have al the required details (eg, the VBC was “not tied in.
| still have to go to these crazy insurance websites, actually get
to the information, where | really want to be at that detail |
want” [ID12, VBC]). This trend was supported by the
usefulness ratings with lower knowledge participants rating
slightly higher usefulness than those with higher knowledge. A
larger difference existed for the HR website condition, where
the higher knowledge participants likely benefited from the
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extrainformation available on the website. However, those with
lower knowledge had more difficulties in finding information
and making decisions. For example, 1 participant commented
that they felt that information on the website was repetitive and
that it was hard to understand where they needed to go:

| would say it's a bit cumbersome, and it creates
confusion. But, you know, if you search carefully, you

Giang et a

are able to find some useful information, but it takes
time and effort. | would say, you know, this website
assistant can be greatly simplified, and there’'s a lot
of information redundancy [ ...] | really need someone,
you know, who really knows it, who can provide me
with some advice. [|D02, HR website]

Figure3. Participant ratings of usefulness and ease of use across system and pre-experiment knowledge test scores. HR: human resources; VBC: virtua

benefits counselor.

Pre-experiment knowledge test score

757

5.01

Usefulness

257

0.01

VBC HR website
For ease of use, both higher and lower knowledge participants
rated the VBC system as easy to use. The VBC system ratings
were aso higher than those of the HR website. Individualswith
lower health insurance knowledge rated the HR website asmore
difficult to use than those with higher pre-existing knowledge.
Thiswaslikely dueto differencesin how the 2 groups navigated
and searched for information. Participants with lower health
insurance knowledge tended to describe their search process as
reading through the different options laid out on each page
before deciding on which link to click on next (eg, “I started
with the [State health insurance webpage], just because it's on
top, reading to find clickableitems, hit my benefits, and scrolling
down to just kind of see what this page had.” [ID11, HR
website]). However, even higher knowledge participants noted
issues with the organization of the information and knowing
where to go next (eg, “To me, it's just not obvious. | am not
sure | need to be clicking multiple times to get where | need to
go. | fed like on the very first page | should be able to click
health insurance plans.” [ID07, HR website]).

Overall, these findings agree with the other measures; both the
guided VBC system and the self-directed HR website were seen
asuseful and had positive benefitsto users. However, the guided
VBC system experience was perceived to be easier to use than
the self-directed HR website, particularly for participants who
had lower pre-experiment health insurance knowledge.

Discussion

Principal Findings
This study examined how individuals use 2 different types of
health insurance decision aids to make enrollment decisions:
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(1) aguided VBC system that walked usersthrough factors that
areimportant in health insurance decision-making and provide
support for terminology and definitions and (2) a more
traditional digital source of health insurance information, an
HR websitethat provides educational information and brochures
but requires self-directed navigation through the system. We
contrasted these 2 decision aid systems on measures that may
impact decision quality: health insurance knowledge, literacy,
decision factors, decision conflict, and usability.

The results showed that both types of health insurance decision
aids had positive benefits for health insurance knowledge and
literacy. Previous health insurance knowledge played an
important rolein how individual s used the 2 health information
decision aids. Individualswith lower pre-experiment knowledge
test scores focused on different decision factors and were more
conflicted about their final enrollment decisionsthan thosewith
higher knowledge test scores. Furthermore, athough both
decision aids resulted in similar changes in the HILM and
knowledge test scores, differences exist for the usefulness and
ease of use of the 2 systems. HR website navigation was not
intuitive, and it took longer to locate information, although users
appreciated that it had more details; the VBC system was easier
to use but had limited details with some users, indicating that
the HR website was still needed as a supplementary companion.
Lower knowledge participants, in particular, found the HR
website to beless useful and harder to use than those with higher
health insurance knowledge. Finally, decision aid tools, such
as out-of-pocket cost estimation tools, can lead to confusion
when they do not highlight which factors of each plan contribute
to the cost estimate. Users wanted a more robust tool that
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showed the cost breakdown and could help them explore how
their use estimates influence cost estimation.

Comparison With Previous Work

One surprising finding in this study was that the VBC and the
HR website had similar effects on health insurance knowledge
and literacy. This contrasts with the results of Paliti et al [10],
who compared a custom-built decision aid (consisting of
education, cost estimations, and recommendations) with a
traditional government website. Their decision aid resulted in
higher literacy and knowledge than websites. This difference
could be due to the smaller sample size (=16 vs n=328) or
participant demographics. In addition, our study participants
had employer-provided health insurance, whereas the majority
in the study by Poaliti et a [10] were uninsured. A study by
Varddll [21] on new employees choosing health insurance found
that first-time decision-makerstended to have lower HILM than
other participants. Owing to our participants previous
experience with the plans, they may have had less ability to
benefit from a health insurance decision aid. Furthermore,
participants in both conditions used similar decision factors,
even though the VBC system provided more guidance about
the factors to consider. Future work will be required to expand
our exploratory study to a more diverse population.

However, interacting with either system appeared to have
positive benefits for measures that may lead to more informed
decision-making. Participants scored better on the knowledge
test and felt more confident about choosing and using their plans
(2 subcomponents of health literacy) after using the decision
aids. These are positive outcomes given thelow health insurance
literacy and health insurance plan selection issues previously
foundin theliterature [2,5,21-23]. However, 1 trend in both the
literacy measure and the think-aloud interviews was confused
about comparing plans. Our participants had difficulty
understanding what made the plans unique. This suggests that
current decision aids fail to help users devel op a mental model
of how each plan works. Mental models are a type of internal
representation that helps simulate different future outcomes
[24,25]. More fully developed mental models may help users
explore possible future scenarios and better understand each
plan’s strengths and weaknesses. Interestingly, none of our
participants used the cost estimation tool to explore these
possibilities. Decision aids may require additional guidancefor
usersto explore edge-cases rather than just focusing on the most
likely scenarios. Thistype of support islikely more challenging
to implement in a self-directed system such as a webpage than
a guided VBC decision aid and should be explored in future
work.

Finally, the results suggest that pre-existing knowledge may
have one of the most significant impacts on the decision-making
process regardless of the type of decision aid provided. In our
study, participants with higher pre-experiment knowledge test
scores had fewer decision conflicts. They also focused on
essential decision factors, such as the plan’s ease of use, in
contrast to those with lower knowledge test scores, who focused
on how easy it was to understand a plan. Our findings agree
with previous research indicating that individuals with low
HILM scores or limited experience with health insurance
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decision-making (eg, new employees or young adults) will
struggle with the decision process, how to interact with the
system, and are more likely to make mistakes when choosing
coverage[21,22,26]. Our results al so suggest that the unguided
nature of the HR website made it more difficult for those with
low health insurance knowledge to use and benefit from because
they do not have astrategy for searching for relevant information
and combining this information together to make a final
decision. The VBC, on the other hand, had similar benefits for
both low and high knowledge participants, with the main
drawback being the lack of detailed information. Thus, VBCs
may fulfill their intended purpose of helping those with low
health insurance literacy but should be used with a variety of
different sources of health insurance information.

Limitations

A few limitations exist that may impact the generalizability of
the results of this study. The study had a small sample of only
16 participants, as recruitment for in-person human subject
experiments was impacted by COVID-19. Although these
participants generated alarge set of think-aloud interview data
(approximately 4 hours of audio recordings), the small sample
size for the knowledge test and literacy measures made it
difficult to comparethe VBC and HR websitesusing inferential
statistical analysis. Instead, our analysis focused on interview
data and an exploratory analysis of the trends in the
guestionnaire data. Furthermore, the employees in our sample
were full-time employees at a local state university. These
included both staff and faculty and may not be fully
representative of employeesat other types of employersinterms
of demographics, health insurance knowledge, and experience
with technology. Future work should examine how differences
between employee characteristics at different employers may
impact user interactions with health insurance decision aids.

Conclusions

In conclusion, this study showed that health insurance decision
aids help individuals improve their knowledge about health
insurance and their confidence in selecting and using health
insurance plans. In addition, previous health insurance
knowledge played a significant role in how users interacted
with and benefited from decision aids. Although the study
participants indicated that both the VBC and HR website
appeared to have asimilar effect on these HILMs and decision
factors considered, participants perceived the VBC system as
easier to use. In contrast, participants with lower prior
knowledge appeared to struggle with using the HR website,
resulting in lower perceived usefulness and ease of use.

This study’s thematic analysis identified important decision
factors among the study participants. Once again, the specific
decision aid did not strongly impact the relative importance of
the decision factors. However, participants with low health
insurance knowledgefelt more conflicted about their final mock
decisions. In addition, they discussed the health plan’s ease of
use and use costslessfrequently than others, but they al so placed
more value on how well the digital aids hel ped them understand
the plan. Finally, moreresearch isrequired on (1) how decision
aids affect mental models of health insurance plans, (2) how
decison aids affect wuser decision dtrategies and

JMIR Hum Factors 2021 | vol. 8 | iss. 4 [e27628 | p.113
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Giang et a

information-seeking strategies, and (3) the development of more  for edge-cases and out-of-pocket costs.
robust cost estimation tools that help users differentiate plans
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Abstract

Background: Teleguidance, apromising telemedicine service for intraoperative surgical consultation, was planned to scale up
at amajor academic hospital in partnership with 5 other hospitals. If the service was adopted and used over time, it was expected
to provide educational benefits and improve clinical outcomes during endoscopi ¢ retrograde cholangiopancreatography (ERCP),
which is a technically advanced procedure for biliary and pancreatic disease. However, it is known that seemingly successful
innovations can play out differently in new settings, which might cause variability in clinical outcomes. In addition, few telemedicine
services survive long enough to deliver system-level outcomes, the causes of which are not well understood.

Objective: Wewereinterested in factors related to usability and user experience of the telemedicine service, which might affect
adoption. Therefore, we investigated perceptions and responses to the use and anti cipated use of a system. Technol ogy acceptance,
aconstruct referring to how users perceive atechnology’s useful ness, iscommonly considered to indicate whether anew technology
will actually be used in areal-life setting. Satisfaction measures were used to investigate whether user expectations and needs
have been met through the use of technology. In this study, we asked surgeons to rate the perceived usefulness of teleguidance,
and their satisfaction with the telemedicine service in direct conjunction with real-time use during clinical procedures.

Methods: We designed domain-specific measures for perceived usefulness and satisfaction, based on performance and outcome
measures for the clinical procedure. Surgeons were asked to rate their user experience with the telemedicine service in direct
conjunction with real-time use during clinical procedures.

Results: Intotal, 142 remote intraoperative consultations were conducted during ERCP procedures at 5 hospitals. The demand
for tel egui dance was more pronounced in cases with higher complexity. Operating surgeons rated tel eguidance to have contributed
to performance and outcomesto amoderate or large extent in 111 of 140 (79.3%) cases. Specific exampleswere that tel eguidance
was rated as having contributed to intervention success and avoiding a repeated ERCP in 23 cases, avoiding 3 PTC, and 11
referrals, and in 11 cases, combinations of these outcomes. Preprocedure beliefs about the usefulness of teleguidance were
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generally lower than postprocedure satisfaction ratings. The usefulness of tel eguidance was mainly experienced through practical
advice from the consulting specialist (119/140, 85%) and support with assessment and decision-making (122/140, 87%).

Conclusions: Users' satisfaction with tel eguidance surpassed their initial expectations, mainly through contribution to nontechnical
aspects of performance, and through help with general assessment. Teleguidance shows the potential to improve performance
and outcomes during ERCP. However, it takes hands-on experience for practitioners to understand how the new telemedicine

service contributes to performance and outcomes.

(IMIR Hum Factors 2021;8(4):€30867) doi:10.2196/30867
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Introduction

Overview

A telemedicine service for intraoperative surgical consultation
during advanced gastrointestinal endoscopy was seen ashaving
the potential to increase the quality and safety of procedures,
and there was hope that the technique could be used in other
areas of medicine. The service, called teleguidance, had shown
successin afeasibility study [1], and health economic modeling
showed its potential for improving clinical and economic
outcomes [2]. Teleguidance practice was to be scaled up to 4
additional hospitals (5 in total including the first hospital), and
efforts were made to understand the context into which the
telemedicine intervention was introduced [3], and potential
users’ attitudes toward the service prior to implementation [4].
Thispaper describes an investigation of practitioners experience
of real-time use of teleguidance, based on surgeons’ expectations
of how the service might contribute to performance and
outcomes in a particular procedure, and their satisfaction with
teleguidance immediately after the procedure.

Background

Teleguidance is a professional-to-professional telemedicine
service for video collaboration during a highly specialized
endoscopic  procedure called endoscopic  retrograde
cholangiopancreatography (ERCP).

ERCP is a technically advanced procedure for examination,
sampling, and interventionsin the complicated ductal structures
of the gall bladder, pancreas, and liver; for example, to remove
or aleviate blockages caused by tumors in the liver. Today,
ERCP is a common procedure, and when successful, it can
quickly relieve very painful and serious conditions; it is
sometimes a prerequisite for consecutive procedures. However,
ERCP is a complex, high-risk, collaborative task and a highly
technical speciaty with a long learning curve. Learning the
perceptual and motor skills to control the eguipment and
interpreting the guiding video and x-ray images requires
considerable practice and skill, combined with clinica
decision-making based on careful weighing of risksand benefits.

Clinical practitioners had expressed positive expectations that
teleguidance could contribute to the quality and safety of
procedures but also concerns that teleguidance might disrupt
work practices [4]. The telemedicine service was designed
through participatory, user-centered development [5], and there

https://humanfactors.jmir.org/2021/4/€30867

were hopesthat by providing remoteintraoperative consultation,
teleguidance could contribute to learning and improved
performance, which could enable practitioners at smaller
hospitals to provide more highly specialized procedures. A
feasibility study had reported clinical benefits [1], and health
economic modeling showed the potential for positive clinical
and economic outcomes [2]. A decision was made to scale up
teleguidance to 4 additional hospitals, with an intention to
generate additional evidence for the benefits of the practice.

The Need for Expertisein ERCP

Increasing therapeutic use of ERCP and increasing procedural
complexity hasraised the level of expertise required for ERCP
[6]. At smaller hospitals in Sweden, many individual ERCP
practitioners and clinics have an annual procedural volume
which is below the recommendations for sustaining and
advancing skill [7].

Traditionally, advanced surgical skills are learned by working
together with experienced surgeons, progressing from shadowing
to increasingly independent work with hands-on training and
mentorship. Once proficiency is gained, a certain procedural
volume is generally considered necessary to sustain newly
acquired skills, develop experience, and keep up with new
technical advances, and high procedural volume is associated
with fewer adverse events [8].

Studies have shown that there are large variationsin the quality
of ERCP procedures at different clinics [9], and failure to
cannulate the desired duct or post-ERCP pancregtitisis common
but has serious consequences [10]. Repeated unsuccessful
attempts to cannulate the correct duct play asignificant rolefor
complications[11], and cannulation failure can lead to adecision
to abort a procedure, causing a subsequent delay in treatment,
or conversion to moreinvasive procedure, such as percutaneous
transhepatic  cholangiography (PTC) [12]. Post-ERCP
pancreatitis and other serious adverse events such as bleeding
or perforation, have been found to be more common when the
procedure was performed by less experienced practitioners[13].

It has been suggested that ERCP specialists with lower levels
of expertise should not attempt complex or difficult ERCP cases
without the assistance of a more experienced endoscopist [12],
and that serious outcomes can be avoided if there is an option
to cooperate with other highly specialized colleaguesin the case
of adverse events[6].
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At larger hospitals, a practitioner needing advice during a
difficult procedure often has a colleague ERCPist on call to
advise or assist during a difficult procedure. Thisis not always
the case at smaller hospitals, and practitioners have commonly
used the telephone when they needed advice. Remote surgical
guidance in ERCP, teleguidance, via videoconferencing and
simultaneous transfer of high-quality surgical imaging was
developed to enhance this practice to help develop and sustain
the expertise of individual practitioners at |ower-volume centers

[1].
Remote Surgical Consultation and Mentoring

Servicessimilar to teleguidance, such assurgical telementoring
and remote surgical guidance, have previously been devel oped
to support education and address knowledge gaps [14-16] and
increase access to highly specialized treatment in remote or
low-case-load facilities[17-20]. They have, for example, been
used in traumaand emergency medicine[21] and in laparoscopic
and open surgery [22].

However, for the potential benefits of any telemedicine service
to be fulfilled over time, a service also needs to become a part
of regular practice [23]. Despite a wide range of apparent
benefits, there is limited evidence for the educational benefits
of telementoring [15], and this way of working has generally
failed to becomeadaily tool in clinical workflows[15,16,18,24].
While awide range of barriersto telemedicine implementation
and adoption have been identified [25], how these individual
factors contribute to assimilation and sustainable use of
telemedicine in real-life practice is not well understood [26].
However, feedback about real-time use of telemedicine systems
can be away to gain a better image of the factorsthat can affect
clinical outcomes and adoption [27-29].

In evaluations of theimpact of telemedicine serviceson clinical
outcomes, telemedicine can be defined asacomplex intervention
[30]; assuch, thereisvaluein complementing traditional clinical
assessments of effectiveness with qualitative studies of user
perceptions and experience[29,31]. According to 1SO 9241-11,
usability is the “extent to which a system, product or service
can be used by specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified context
of use” [32]. Usability evaluation can include combinations of
objective measures of effectiveness (eg, successful task
completion rate) and efficiency (eg, task completion time), and
subjective measures of satisfaction [33], which can beavaluable
a part of an effort to understand the likelihood of acceptance
and use of atelemedicine system.

Per ceived Usefulness and Satisfaction

Telemedicine research has shown that users’ perceptions of a
technology’s usefulness are a main significant predictor of
acceptance[26]. The concept of technology acceptanceiswidely
used in telemedicine research [26] but originated in information
systems research [34], where behavioral theory and
methodologies have generated a large body of research about
how users’ attitudes toward a technology influence subsegquent
adoption and use[35]. Thetechnol ogy acceptance model (TAM)
[36] conceptualizes acceptance as an eval uative process, where
technology use can be predicted or explained on the basis of
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psychometric measures of users' expectations about perceived
usefulness; that is, how using a technology will impact job
effectiveness, efficiency, and performance [37].

Satisfaction is also a considered a key component for
telemedicine success and is often included in the evaluation of
telemedicine services [38]. Telemedicine satisfaction studies
have often reported favorable results [39,40]; nonetheless,
methodological issues often make it difficult to interpret or
compare findings[41], and it is often unclear what satisfaction
measures actually demonstrate[42]. In health servicesresearch,
satisfaction measures may implicitly refer to patient satisfaction
with treatment or care [43,44], which contrasts with measures
of satisfaction with the use of a technology; that is, whether
user expectations and needs have been met through the use of
technology [32,35,45,46].

This indicates a need for careful definition and
operationalization of measures of perceived usefulness and
satisfaction when collecting feedback about the real-time use
of telemedicine, to ensure a match between the constructs and
the technology involved, the users, and the context in which the
telemedicine service is being introduced.

Aims and Objectives

Telemedicine acceptance and adoption are not well understood
[47,48], and many telemedicine services fail to be adopted,
despite their apparent value; this lack of successful
implementation is so common it has been described a“ paradox
of telehealth” [49-51]. However, information systems research
has shown that users’ expectations of atechnology’s usefulness
is an important determinant for adoption, and that satisfaction
measures can be used to investigate whether user expectations
of using atechnology have been met.

When teleguidance was scaled up, we were interested in how
clinical practitioners experienced the usefulness of the
telemedicine service, and if the service lived up to these
expectations, as this could provide insight into the factors
shaping the success of the intervention. We were provided with
an opportunity to gather data in direct conjunction with
tel eguidance sessions, and wanted to investigate whether clinical
practitioners expected teleguidance to contribute to a specific
case, and whether these expectations were met during the
teleguidance session. These subjective measures of anticipated
usefulness and sati sfaction with using tel egui dance are expected
to provide knowledge about central user perceptions and user
experience, which can influence theimplementation, adoption,
and use of remote surgical consultation.

Methods

M ethods Overview

Participating surgeons at the central hospital and the 5
participating remote sites filled in case report forms (CRF) in
conjunction with each teleguided ERCP procedure. These data
were passed in raw form to us. In the following sections, the
design of the CRFs and the rationale for data collection, which
underlies how we operationalized the constructs perceived
usefulness and satisfaction, is described.
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Design of the CRF

Two paper-based CRFs were designed to gather pre- and
postprocedure data. The guiding surgeon at the centra site
registered patient- and case-rel ated data, mainly to ensure correct
orientation about the case to be guided and to provide ratings
of the technical quality of image transmission. The remote
surgeonswere asked to register patient- and intervention-related
data and a rating of the level of complexity of each case. In
addition, they were asked to provide subjective ratings of their
estimated need and expectations for consultation during the
procedure, and to report technical issues and their experience
of how teleguidance contributed to performance and outcomes.

The Guiding Surgeons' CRF

Prior to a teleguidance session, the guiding specialist requires
basic information about the case and the patient, and this was
communicated either by telephone or through the
videoconferencing system. The guider was asked to register the
data necessary to ensure a correct understanding of the needs
and potential risks during consultation: if it isan emergency or
planned elective procedure, the patient's gender, age, and
whether ERCP has been performed previously. In addition,
knowledge about whether the remote procedure was to be
conducted with sedation or general anesthesia provided
information about the patient’s orientation, which has
consequences regarding the interpretation of the transmitted
image. The indications and aims of the procedure provided
fundamental information to the guiding specialist about what
was to be done during the ERCP.

The Remote Surgeons’ CRF

The CRF contained data entry fields about clinical indications,
the aims and success of the procedure, and 30-day follow-up
items about complications, consecutive procedures, and health
economic data. The CRF a soincluded 2 subjective preprocedure
rating items about the benefits the participants were hoping for
and the problems they were hoping to avoid through
teleguidance. After teleguided procedures, satisfaction with
teleguidance was measured through participants' ratings of the
ways in which teleguidance contributed to their performance
and to the outcomes of the procedure.

Appropriateindication, cannulation rate, stone extraction success
rate, stent insertion success rate, and post-ERCP pancreatitis
frequency are evidence-based, prioritized quality indicatorsfor
ERCP[12]. Therefore, we considered these factors rel evant for
perceived usefulness and investigated whether participants
believed that tel eguidance could contribute to cannul ation, stone
extraction, and stent insertion. We also investigated whether
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practitioners considered teleguidance to support clinical
assessment and decision-making, and help avoid additional
interventions or referrals.

Performance and outcome measures such as cannulation
frequency or complication frequency are not straightforward to
interpret: more complex cases generally have a higher risk for
complications [13]. Therefore, we also wanted to obtain
information about the clinical difficulty of the procedure. This
was measured through a preprocedure case complexity rating,
with 4 predefined categories of clinical contexts, techniques,
and anatomical or pathological features (Multimedia Appendix
1).

Participants were al so asked to grade cannul ation difficulty after
each teleguided procedurein accordance with the 5-5-2 principle
defined by the European Soci ety of Gastrointestinal Endoscopy
[52]. The number of earlier ERCPs the patient has undergone
and the characteristics of the papilla are also associated with
cannulation outcomes [53] and were therefore also included in
the CRF.

Multimedia Appendix 2 shows the CRF items related to
perceived usefulness, prior to teleguidance sessions, and
satisfaction immediately experience after teleguided sessions.

Procedure

Each participating hospital received autility cart equipped with
the necessary components to transmit endoscopic and
fluoroscopic images. The cart was al so equipped with acamera
and microphone to capture images and sounds from the
operation theater.

The teleguidance equipment had one video and one content
channel, which meant that the participants had to choose from
among endoscopy, fluoroscopy, or aview of the operating room.
The remote party controlled switching between imaging, and
would change upon request from the consulting surgeon. Audio
communication was possi ble throughout the session.

The remote sites used the following teleconference systems. a
mobile Polycom Practitioner Cart HDX unit (Polycom) equipped
with a 26-inch LCD screen, a high-definition video camera,
stereo speakers, and microphones (Figure 1). At the University
hospital, a Polycom HDX 4500 desktop videoconference system
was used to provide guidance from either an office near to the
endoscopy suitein which the ERCP interventions were usually
performed, or an office equi pped with multiple videoconference
systems set up specifically for teleguidance.

All communication passed through Sjunet, a secure, 1P-based
broadband network for Swedish health care providers (Sunet).
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Figure 1. The remote clinics used a Polycom Realpresence Practitioner cart 8000 (A). At the central site, the consulting surgeon used a Polycom
HDX4500 desktop video conferencing system with atouch screen control (B).

There was no function for telestration (annotating live video
content telestration) during scaling up of teleguidance. During
the design of the teleguidance solution, a prototype for
telestration (Multimedia Appendix 3) had been tested in afew
scenarios. It was hoped that afunction for graphical annotation
would improve shared understanding in tasks such as
localization of the point of entry to the common bile duct.
However, the results indicated that users on both ends of the
teleguidance session were distracted by the design and function
of thisparticular tel estration solution. Our findings echoed those
of a more well-designed study [54], and a decision was made
not to further develop this function.

Written instructions, contact detailsto the guiding practitioners,
and technical support, and a protocol for establishing a
connection among the hospitalswere a so provided (Multimedia
Appendix 4). Clinical and technical staff received atutorial.

The operating surgeons and the consulting surgeon used the
telephone to agree on the timing for the teleguidance session
days ahead, or in some cases, immediately before a procedure.
The remote sites initiated the teleguidance sessions.

CRFs were distributed to each site to be filled in on paper by
the operating endoscopist and submitted to a coordinating
research nurse at the central site.

Participants were instructed to teleguide as many ERCP cases
as possible during the study period and not to select cases.
Operating surgeons were asked to book teleguidance sessions
in advance by telephone, but there was also the option to call
in direct conjunction with a procedure.
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Two senior ERCP experts at a high-volume tertiary referral
ERCP clinic provided remote consultation via teleguidance.

Sample

ERCP procedures at 5 district hospitals received teleguidance
from atertiary referral center. Intotal, 142 teleguided procedures
are included in the sample. The average duration of ERCP
procedures was 53 minutes (range 10-224 minutes, median 45
minutes). The average duration of teleguidance sessions was
43 minutes (range 4-186 minutes, median 35 minutes).

Themost common indicationswere biliary and pancrestic stones
(56/142, 39%) and icterus (33/142, 23%); the most common
aim for procedures were ERC stone extraction (71/142, 50%)
and ERC offload (59/142, 42 %) (Multimedia Appendix 5). A
total of 75 of 142 (53%) patients were female, and 67 of 142
(47%) were male. The age range was between 18 and 91 years,
the mean age of female patients was 67 years and that of men
was 67 years. Furthermore, 43 of 142 (30%) cases were
emergency interventions, while 93 of 142 (66%) were elective
(5/142, 4% were not classified). Additional details about the
patients and case complexity ratings are shown in Multimedia
Appendix 6.

In total, 14 ERCPists participated at the remote sites. Table 1
showsthelevel of experience among participants at the remote
sites. All 5 novices with low experience (>200 ERCP)
progressed to an expert level of 500-1000 ERCP procedures
during this period. The distribution of cases across hospitals
and practitionersis shown in Multimedia Appendix 7.
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Table 1. Level of experience among participants at remote sites (n=11).
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Participants Guided sessions (n=142), n (%)
Novice (<200 ERCP?) 1499
Novice (200-500 ERCP) 33(23.2)
Expert (500-1000 ERCP) 87 (61.3)
Expert (>1000 ERCP) 8 (5.6)
3ERCP: endoscopic retrograde cholangiopancreatography.
The remote sites reported technical issuesin 26 of 142 (11%) technical issues. There were 4 cases of postoperative

cases, however, these were problems experienced by the
consulting surgeon at the central site. This did, however, cause
inconvenience at the remote sites, since the remote sites had to
conduct troubleshooting in these cases.

The central site reported technical issues in 34 of 142 (24%)
cases. Intotal, 16 of 34 (47%) of the reported problemsregarded
acoustic feedback between microphones on the teleguidance
cart and microphones in the operation theater at one of the
hospitals. In 9 of 34 (26%) cases, there were problems with
pixelated image quality or problemswith hue. In 5 of 34 (15%)
cases, the consulting surgeon could see the endoscopic video,
but there were intermittent problems with transfer on
fluoroscopy.

In some cases, this was resolved by restarting the connection;
in some cases, medical technicians at the remote sites provided
assistance and resolved problems; for example, by changing
video graphicsarray cables between monitors. Whilethis caused
some delays, the teleguidance sessions proceeded despite the

Table 2. Anticipated demand for teleguidance.

complications (4/142, 2.8%).

Results

Per ceived Usefulness of Teleguidance

Perceived usefulness was measured on the basis of surgeons
ratings of their expectations of how teleguidance might
contribute to procedures. Table 2 and Figure 2 show how
surgeons rated their anticipated demand for teleguidance prior
to specific procedures:. in 58 of 139 (41%) procedures, surgeons
expected to have use for teleguidance; 42 of 139 (30%) reported
that they did not; and 38 of 139 (27%) were unsure.

In 20 cases, the option to use teleguidance had affected the
decision to perform the procedure in question.

The operating surgeon’s level of expertise did not significantly
affect the anticipated demand for tel eguidance (r=0.008, P>.001)
(Multimedia Appendix 8).

Response Surgeons, n (%)
Yes 58 (42.0)
No 42 (30.4)
Unsure 38(27.5)
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Figure 2. Anticipated demand for teleguidance/endoscopic retrograde cholangiopancreatography complexity. ERCP: endoscopic retrograde

cholangiopancreatography.

Anticipated demand for teleguidance / ERCP complexity

Anticipated demand for teleguidance

Cat 1 (n=65)
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However, the demand for teleguidance was more pronounced
in cases with higher complexity according to the 4-category
rating scale (MultimediaAppendix 1). Case complexity and the
anticipated demand for teleguidance (Table 2) showed a
significant linear relationship (r=—0.229, P<.001).

Participants expressed a higher anticipated demand for
teleguidance for certain intervention goals;, however, we did
not observe any significant relationships. In ERC stone
extractions, only 21/69 (30%) rated a need for teleguidance
whiletherewas more demand in the other procedures, especially
regarding pancreatic procedures: ERC offload (28/58, 47.5%),
endoscopic retrograde cholangiography (ERC) biopsy (12/21,
57%), and the pancreatic procedures ERP stone extraction (6/11,
54.5%) and ERP offload (8/11, 72.7%) (Multimedia Appendix
9).

Similarly, participants expressed a higher anticipated demand
for teleguidance for certain indications (Multimedia Appendix
10). The demand for teleguidance was high (>40%) for acute
pancrestitis (7/15, 46.7 %), chronic pancreatitis (10/12, 83.3%),
primary sclerosing cholangitis (PSC) (5/5, 100%), and strictures
with unknown causes (5/9, 55.6%).

In 82 of 142 (57.7%) cases, surgeons reported expectations to
avoid certain situations through teleguidance (Multimedia
Appendix 11). The most frequent situation they hoped to avoid
was having to repeat the ERCP, which is commonly owing to
afailure to cannulate (42/82, 51.2%).
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C'at 2 (n=40)

Cat 3 (n=30) Cat 4 (n=1)
16.1% 0.0%
9.7% 0.0%
71.0% 100.0%

In 67 of 142 (53%) cases, the surgeons expressed an expectation
to receive support with specific tasks during the procedure
(Multimedia Appendix 12). In total, 10 of 67 (14.9%) hoped to
receive support with cannulation; 4 of 67 (6%) hoped to receive
support with the placement of a stent; 6 of 67 (9%) hoped to
receive support with the removal of a stone; 27 of 67 (34%)
hoped to receive support with clinical assessment; and 21 of 72
(28%) hoped to receive support with combinations of these
tasks.

Satisfaction With Teleguidance

Satisfaction was measured after procedures, through ratings of
how teleguidance contributed to performance and outcomes.

The operating endoscopists rated teleguidance to have
contributed value to a moderate or large extent (rating value 3
and 4) in 111 of 140 (79.3%) cases (Multimedia Appendix 13).
In 16 of 26 (61%) cases where the operating surgeon reported
technical problems, thisrating was somewhat lower.

Teleguidance was rated as having contributed to cannulation in
17 of 140 (11.9%) cases, and classified as difficult cannulations
in 11 of 39 (28%) cases. In 11 of 140 (7.7%) cases, teleguidance
was rated as having contributed to stent placement, to stone
clearance in 9 of 140 (6.3%) cases, to general assessment in
103 of 140 (72%) cases, and to combinations of these
contributionsin 13 of 140 (9.3%) cases (Figure 3).
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Figure 3. Contributions of teleguidance.
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In 23 of 140 cases, surgeons considered teleguidance to have
contributed to intervention success and avoiding a repeated
attempt at the same intervention (re-ERCP). In 3 of 140 cases,
PTC—amore painful and invasive procedure than ERCP—was

Table 3. Procedures avoided owing to tel eguidance (N=140).

avoided. In 11 of 140 cases, referral to another ERCP center
could be avoided, and in 11 of 140 cases, combinations of the
above, and 3 of 140 unspecified other interventions could be
avoided (Table 3).

Procedures avoided Cases, n (%)
Re-ERCP? 23(16.1)
Percutaneous transhepatic cholangiography 3(21)
Other intervention 3(21)
Referral 11(7.7)
Combinations 11(7.7)

3ERCP: endoscopic retrograde cholangiopancreatography.

In 119 of 140 (85%) cases, tel eguidance was reported as having
contributed through practical advice to a moderate or large
extent, and 122 of 140 (87%) reported that they received support
with assessment and decision-making during the procedure to
amoderate or large extent (Figure 4).

Overdll, the satisfaction ratings, which were measured after
procedures, were higher than perceived usefulnessratings, which
were measured prior to procedures.

Figure 4. Teleguidance provided support through practical advice and help with assessment.
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Discussion

When a telemedicine service for intraoperative surgical
consultation was scaled up, we were interested in users
perceptions of how the service contributed to performance and
outcomes, as this might provide insight into adoption and use
of the telemedicine service over time. We designed and collected
measures of perceived usefulness and satisfaction in direct
conjunction with real-time use in ERCP procedures. The
measures were intended to reflect how users considered
teleguidanceto contribute to performance and outcomes during
ERCP procedures.

Practitioners believed that teleguidance would be useful; that
is, as having value for performance and outcomes, prior to a
high proportion of cases. In roughly half of the cases, surgeons
specified the type of support they expected, which, in most
cases, was related to clinical assessment (27/67, 40.3%).
However, the anticipated demand for teleguidance increased
with thelevel of procedural complexity (Multimedia Appendix
14), and there was more interest for teleguidance in certain
clinical indications, such asacute and chronic pancreatitis, PSC,
and strictures of unknown type (Multimedia Appendix 11).

Theresults showed that | ess experienced practitioners perceived
teleguidance as more useful than their experienced colleagues
did, but the findings were not significant. In addition, the

Aminoff et d

perceived usefulness of teleguidance was higher in cases that
could be expected to be challenging.

Regarding satisfaction with teleguidance after procedures, the
operating endoscopist rated teleguidance to have contributed
to performance and outcomes to a moderate or large extent in
111 of 140 (79.3%) cases. Specific examples are as follows:
contribution to intervention success and avoiding a repeated
ERCP in 23 cases, avoiding 3 PTC, and 11 referrals, and in 11
cases, combinations of these outcomes (Multimedia Appendix
15).

Our results show that satisfaction after using teleguidance was
higher than the preprocedure useful ness of teleguidance, which
wasrated prior to the procedures (Figure 5). Thisindicates that
it is difficult for practitioners to predict how a novel way of
working, such as teleguidance, can contribute to performance
and outcomes. User beliefs and attitudes toward technology can
be expected to change with first-hand use [55]. Our findings
indicate that doctors may become more cognizant of how remote
surgical consultation can support important clinica and
development/training aspects in ERCP [3] with hands-on use,
but also that they require some time before they assimilate
teleguidanceinto their practice. Thetechnical issues experienced
did cause some inconvenience and delays, but did not appear
to cause teleguidance sessions to be terminated. However, the
satisfaction ratings were lower in the cases where technical
issues were encountered.

Figure5. Our results show that satisfaction after using teleguidance was higher than beliefs about usefulness prior to procedures.
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While training and assessment of surgical performance is
commonly focused on technical ability, cognitive and social
skills are al so important requirementsfor surgical competence.
Teleguidance may be of value for these nontechnical skills for
surgeons, which have been defined as “behavioral aspects of
performance in the operating room which underpin medical
expertise, use of equipment and drugs: cognitive (e.g. situation

https://humanfactors.jmir.org/2021/4/€30867
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awareness, decision making) socia (e.g. communication &
teamwork, leadership) skills’ [56].

Research has shown that user beliefs and attitudes toward
technology can be expected to change with first-hand use [55]:
experience of teleguidance may gradually change over time.
This study also only focused on clinicians' experience of
tel eguidance during procedures and does not consider contextual
factorsthat are believed to affect the acceptance of teleguidance
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[3]. Therefore, these results represent an interim judgement of
usefulness and satisfaction, which may differ fromfinal overall
satisfaction outcomes [35].

Conclusions

Surgeons appeared not to have expected the level of support
they received through remote surgical consultation during
ERCP. They also received help with surgical/technical tasks,
such as stent placement and stone removal. Each case of support
may be of high value from apatient’s perspective and for ERCP
quality and health economic reasons. The difference between
preprocedure expectations and postprocedure satisfaction
indicates that practitioners require hands-on use experience to
understand the usefulness of the new telemedicine service and
how it contributes to surgical procedures. For this reason,
adoption can be expected to develop over time and require
extended use before being accepted.

While a larger sample of procedures is required to be able to
draw statistical inferences about the contribution of teleguidance

Aminoff et d

on clinical outcomes, the findings from the survey items on
perceived usefulness and satisfaction indicate that surgeons
consider teleguidance to contribute to nontechnical aspects of
surgical performance, such as decision-making, to an extent
that many practitioners did not anticipate.

This study represents part of a human-centered approach to
system design, where system quality islinked to how well users
can achieve specific goals. From amethodol ogical perspective,
it would be interesting to investigate how interim measures of
acceptance and satisfaction correspond with final acceptance
and use of the telemedicine service, which appearsto be alesser
investigated area [35]. In the case of teleguidance, the service
was largely abandoned after the initial start-up phase, even
though it isintermittently used in-house at the central hospital.

This study also indicates aneed to more deeply investigate how
remote surgical contributesto clinical procedures, and theways
in which this way of working differs from on-site surgical
consultation.
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ERC: endoscopic retrograde cholangiography

ERCP: endoscopic retrograde cholangiopancreatography
PSC: primary sclerosing cholangitis

PTC: percutaneous transhepatic cholangiography

TAM: technology acceptance model
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Abstract

Background: Artificia intelligence (Al), such as machine learning (ML), shows great promise for improving clinical
decision-making in cardiac diseases by outperforming statistical-based models. However, few Al-based tool s have been implemented
in cardiology clinics because of the sociotechnical challenges during transitioning from agorithm development to real-world
implementation.

Objective: Thisstudy explored how an ML-based tool for predicting ventricular tachycardiaand ventricular fibrillation (VT/VF)
could support clinical decision-making in the remote monitoring of patients with an implantable cardioverter defibrillator (ICD).

Methods: Seven experienced electrophysiologists participated in a near-live feasibility and qualitative study, which included
walkthroughs of 5 blinded retrospective patient cases, use of the prediction tool, and questionnaires and interview questions. All
sessions were video recorded, and sessions eval uating the prediction tool were transcribed verbatim. Datawere analyzed through
an inductive qualitative approach based on grounded theory.

Results. The prediction tool was found to have potential for supporting decision-making in |CD remote monitoring by providing
reassurance, increasing confidence, acting as a second opinion, reducing information search time, and enabling delegation of
decisions to nurses and technicians. However, the prediction tool did not lead to changes in clinical action and was found less
useful in cases where the quality of data was poor or when VT/VF predictions were found to be irrelevant for evaluating the
patient.

Conclusions: When transitioning from Al development to testing itsfeasibility for clinical implementation, we need to consider
the following: expectations must be aligned with the intended use of Al; trust in the prediction tool is likely to emerge from
real-world use; and Al accuracy is relational and dependent on available information and local workflows. Addressing the
sociotechnical gap between the development and implementation of clinical decision-support tools based on ML in cardiac care
isessential for succeeding with adoption. It issuggested to include clinical end-users, clinical contexts, and workflowsthroughout
the overall iterative approach to design, devel opment, and implementation.

(JMIR Hum Factors 2021;8(4):€26964) doi:10.2196/26964
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Introduction

Ventricular tachycardiaand ventricular fibrillation (VT/VF) are
potentially lethal cardiac arrhythmias, which congtitute a
growing challenge to health care systems worldwide [1]. The
development of implantable cardioverter defibrillators (ICDs)
has led to major advances in the prevention of death from
VT/VF [2]. ICDs are implantable devices used in patients at
increased risk of sudden cardiac death. ICDs monitor the heart
rhythm continuously to detect and treat VT/VF. In recent years,
remote monitoring has become the standard of care for ICD
patients [3], and follow-ups are based on transmission of data
from the implanted device through the patient's home
monitoring box. This has reduced the number of in-office
follow-ups[4,5] and increased survival rates[6] duetoimproved
early detection of arrhythmias [7]. However, the numbers of
ICD implants are increasing worldwide, posing a workload
challenge for electrophysiologists and technicians when
assessing data from incoming transmissions in remote
monitoring centers [8-11]. There is a growing need for
decision-making toolsthat can support and reduce data-intensive
remote follow-ups, and while current systems can detect and
treat VT/VF arrhythmias as they occur, tools for predicting
arrhythmias before their onset are lacking [12].

Artificial intelligence (Al), such as machine learning (ML),
shows great promise for improving clinical decision-makingin
cardiac diseases by outperforming statistical-based models
[12,13], and recent examplesinclude promising models for the
prediction of heart disease and heart failure [14-18], aswell as
cardiac arrhythmias, such as ventricular arrhythmia[19], atrial
fibrillation [20], and electrical storm [21]. There are positive
attitudes and high expectations among physicians that Al will
improve future patient care in fields where data are collected
continuously, such as cardiology [22,23].

However, few prediction outcome algorithms based on ML
have been implemented in cardiology clinics because of the
challenges during transitioning from a gorithm devel opment to
real-world implementation. While studies of medical Al-based
tools that undergo prospective clinical validation are emerging
[24-27], thereisageneral lack of understanding of how Al may
support achieving clinical effectiveness and improve patient
care in real-life settings [28,29]. Scholars have argued that
ML-based patient outcome prediction models are yet to prove
their worth to human clinicians [30]. Prediction accuracy by

https://humanfactors.jmir.org/2021/4/€26964

itself can beimpressivein thelab; however, this does not aways
tranglate to better treatment, and it is being stressed to look for
waysto make human and Al prediction a gorithms complement
each other, ensuring actionability in clinical practice [30-33].
Going from research and devel opment environmentsto hospital
or clinical contexts is considered a challenging task that has
been named “the last mile” of implementing medical Al-based
tools [34,35], and thereisacall for research on how end-users
find Al-based user interfaces useful in practice [36-39], aswell
as studies that report on the sociotechnical challenges of
deploying Al-based tools in complex clinical environments
[27,34,35,40-54].

This study addresses the sociotechnical gap between the
development and implementation of aclinical decision-support
tool based on ML for the prediction of VT/VF in remote
monitoring of 1CD patients. The aim of thisstudy wasto explore
the feasibility and clinician preimplementation perspectives of
using aprediction tool for improved workflows. Therefore, this
study does not provide algorithmic validation per se but instead
answers questions about the clinical feasibility and workflow
integration of a decision-support tool based on ML.

Methods

Under standing Needsand Co-design of the Prediction
Tool

This study was conducted at the remote monitoring center at
Rigshospitalet, Copenhagen University Hospital, Denmark,
which is a large tertiary hospital covering al aspects of
treatments in cardiology and is among the largest centers in
Europe having more than 4000 patients with cardiac implanted
electronic devicesin remote follow-up. The study was organized
in 3 stages (Figure 1). Inthefirst stage, field work observations
in the remote monitoring clinic were conducted to understand
both the clinical workflow and workload [10]. Thiswasfollowed
by 3 co-design workshops with an electrophysiologist (PKJ)
and 5 co-design workshopswith acardiologist consultant (SZD)
focusing on feature engineering and sketching the user interface.
In stage 2, the Al agorithm was developed, and in stage 3, a
near-live feasibility and qualitative interview study was
conducted. The study was reviewed by the Danish National
Board of Health and the Danish National Committee on Health
Research Ethics, and authorized by The Capital Region of
Denmark.
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Figure 1. Overall study design. ML: machine learning.
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Development of the Al Algorithm

A prediction tool was devel oped for improving the support for
clinical decision-making in ICD remote monitoring based on
the random forest ML method, and it consisted of a risk
prediction algorithm of VT/VF within 30 days. The prediction
tool was designed to show alarm status (yes/no), risk probability
(%), and ranking of the 5 most and least important parameters
for the prediction, using the LIME technique [55] (Figure 2).
The design and development of the tool were informed by
previous fieldwork studies of current practices [10,56], aswell
as early results from using ML to predict electrical storm, a
severe form of cardiac arrhythmia [21]. The data set used for
developing the algorithm consisted of 11,921 transmissions
from 1251 patients with an ICD or a cardiac resynchronization
therapy defibrillator (CRT-D), followed over a 4-year period
from 2015 to 2019 at Rigshospitalet. The data set contained
74,149 arrhythmia episodes, each characterized by 7 variables,
such as the type of arrhythmia (VT, VF, supraventricular
tachycardia, atrial fibrillation, etc), ICD treatment of the
arrhythmia, duration of the episode, and maximum heart rate
reached during the episode.

The random forest ML method [44] was selected for algorithm
development because it provided optimal results when
considering the tradeoffs between model performance and
explainability. Several other classifier methods (supervised,
unsupervised, and deep learning methods) were evaluated
through development and testing, including
KNeighborsClassifier [57], GradientBoostingClassifier [58],
AdaBoostClassifier [59], support vector classifier [60], and long
short-term memory (LSTM) [61]. The deep learning method,

https://humanfactors.jmir.org/2021/4/€26964

LSTM, provided poorer performance and poorer explainahility,
possibly due to the nature of the data (ie, time series data with
considerabletime between events, making time series modeling
difficult). The other methods provided similar performance.
KNeighborsClassifier and support vector machine had theworst
performance, while the decision tree methods had the best
performance. GradientBoostingClassifier produced an optimal
F1 score and recall score; however, random forest provided the
highest accuracy and precision scores, which led to the choice
of using the random forest method for developing the first
version of the algorithm to be evaluated with end-usersin this
study. The algorithm was tested on 2342 of the 11,921
transmissions. Thetransmission datawere stratified and grouped
into training and test sets. This meansthat the prevalence of the
positive condition was the same in both the training and test
sets (stratified) and that no patient had data in both data sets
(grouped). The algorithm achieved an accuracy of 0.96, with a
positive predictive value of 0.67 and anegative predictive value
of 0.97. The probability threshold for raising an alarm was set
to 0.28, indicating the value with an optimal tradeoff between
negative and positive predictive outcomes.

Feature engineering was carried out in collaboration between
2 datascientists(MKHH and CV) and a cardiol ogist consultant
(SZD) during 5 co-design workshops. A total of 48 features
(referred to as parameters when discussed with the study
participants) were developed, and the following 2 main
principles were adopted: aggregating episodes by day and
building ahistoric snapshot for daysleading up to the arrhythmic
event. To provide the clinical end-user with algorithm
explainability, the LIME technique [55] was used to show the
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top 5 features that increase or decrease the likelihood of a VT/VF arrhythmic event occurring within the coming 30 days.

Figure 2. The prediction tool on a paper printout as shown to study participants (Case 3, see Table 2). The output shows the alarm (yes/no), risk
probability (%), and up to 5 most important parameters for increasing and decreasing the likelihood of ventricular tachycardiaand ventricular fibrillation

within 30 days. To the right: example pictures of electrophysiologists conducting near-live case walkthroughs.
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Study Participants and Case Selection

Seven medical doctors specialized in electrophysiology (ie,
cardiologists treating patients with cardiac arrhythmia) were
selected for participation from aconvenience sample (Table 1).
Participants included 6 males and 1 female (average age, 52
years; average work experience as an electrophysiologist, 13
years).

A selection of 5 retrospective patient cases (Table 2) was used
to evaluate the feasibility of the prediction tool’s ability to
support clinical decision-making. The casesincluded high and

Table 1. Participating el ectrophysiologists.

low risk probability, true positives, and true negatives, and 2
cases with AF as the primary episode type. Patient cases were
retrieved 19 to 27 months back in time, blinded, and presented
as paper printouts with a summary of each patient’s clinical
history along with reportsfrom the el ectronic health record (list
of diagnoses, progress notes from the cardiology department,
latest blood tests, and list of medications) and screenshots of
relevant |CD transmission data, including device type, battery
status, device programming and settings, time of implantation,
latest diagnostic information about the transmission, frequency
of arrhythmias, heart rate, device therapy, and assessment of
physical activity.

Participant  Sex Age (years) Title Years since obtaining specialist certification in cardiology
1 Female 52 Consultant cardiologist, MD, PhD 11

2 Mae 61 Professor, consultant cardiologist, MD, DMSc 23

3 Male 55 Consultant cardiologist, MD, PhD 14

4 Mae 43 Cardiologist, MD, PhD 2

5 Male 62 Consultant cardiologist, MD, DMSc 28

6 Mae 44 Cardiologist, MD, PhD 2

7 Male 47 Consultant cardiologist, MD, DMSc 9
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Table 2. Case overview with patient summary, current implantable cardioverter defibrillator transmission information, and prediction tool information.

Case Patient summary Current ICD®transmission Prediction tool
number
Transmission  Primary ICDtreat- Transmission summary  30-day Alarmraised (predic-
type episode ment VTYVEC risk  tion outcome)
type probability
1 Male, age 63 years, ischemic ~ Automated VTVE  a1pd 3VT/VF,; 36 sensing 58.6 Yes (true positive)
heart failqre, left ventricular episodes; 217 VT-NS®
assist device
2 Female, age 67 years, dilated ~ Automated VT/VF  Shock 1VTIVF; 1VT-NS; 20 144 No (true negative)
cardiomyopathy min of AF since the last
transmission
3 Female, age 40 years, dilated ~ Automated VT/VF  Shock 2VTIVF; 4VT-NS 354 Yes (true positive)
cardiomyopathy
4 Male, age 61 years, ischemic  Patientinitiated AF None 12 hours of AF sincethe 1.2 No (true negative)
heart failure last transmission
5 Male, age 73 years, ischemic ~ Automated AF None 14 hours of AF sincethe 7.8 No (true negative)
heart failure last session; 26 VT-NS

3 CD: implantable cardioverter defibrillator.
BV T: ventricular tachycardia.

SVF: ventricular fibrillation.

dATP: antitachycardia pacing.

S/ T-NS: nonsustained ventricular tachycardia.
TAF: atrial fibrillation.

Data Collection

A combined feasibility and qualitative interview study was
undertaken based on a retrospective case study design. The
primary aim of the study was to address the following 4 main
guestions about the feasibility of the prediction tool using
quantitative measures. Does use of the tool lead to change in
clinica action? Does it support decision-making? Are
visualizing parameters useful? Can it reduce time spent? The
secondary aims were to understand the electrophysiologist’s
immediate reactions to using the prediction tool, including
qualifying the quantitative feasibility measures against
qualitative dimensions based oninterviews. Electrophysiologists
were invited to conduct a “near-live” clinical smulation of
decision-making based on walkthroughs of the 5 patient cases
(Table 2) with and without the prediction tool. Two structured
guestionnaires based on a 5-point Likert scale were designed
to capture electrophysiologists’ decisions on action without the
prediction tool (Multimedia Appendix 1) and their experiences
of the feasibility of the prediction tool (Multimedia Appendix
2). A semistructured interview guide was designed based on
the framework of Bowen et a for feasibility studies [62] to
cover open-ended questions about the electrophysiologists
overall experiences of using the prediction tool. Ten questions
in the following 4 areas of inquiry were posed: acceptability,
demand, adoption, and implementation (Multimedia Appendix
3).

“Near-live’ case walkthroughs were performed with inspiration
from Li et a [63] (Figure 1), and they were facilitated by the
authors SM, MKHH, and TOA. First, the electrophysiologist
was on-boarded with a presentation of the study objectives, the
intended use of the prediction tool, the algorithm development
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(data set and ML model, as well as results), and the outline of
the feasibility and qualitative study processes, and time was
provided to resolve open questions. Second, the
electrophysiol ogist was provided with a patient case and asked
to do awalkthrough of the case material to reach adecision on
clinical action, smilar to normal clinical practice, and was asked
to answer the first questionnaire and explain the reasoning
behind the decision on clinica action. Third, the
electrophysiologist received the prediction tool on paper and
was asked to answer the second questionnaire for eval uation of
the effects of the prediction tool and to share his’her immediate
reactions. Fourth, after ending all patient case walkthroughs,
the electrophysiol ogist was interviewed about his/her experience
of the feasibility of the prediction tool. The total time for
observations and interviews was 12.5 hours, with an average
of 1 hour 47 minutes per electrophysiol ogist. Case walkthroughs
and interviews were audio and video recorded, and sections
with electrophysiologists’ responses to the questionnaires and
the open-ended interview were transcribed verbatim.

Data Analysis

Datafrom electrophysiol ogists' reactionsto theinterview study
were analyzed using an inductive qualitative approach based
on grounded theory [64]. A 2-step iterative coding processwas
applied beginning with line-by-line coding to support initial
analytic decisions about the data. Action codeswere devel oped
by using gerunds (anoun form of averb) to make explicit what
electrophysiol ogists were doing during case walkthroughs and
what meaning they derived (eg, “being confirmed,” “building
trust,” and “using to prioritize”). This was done to preserve
focus on action and situated processes of electrophysiologists
decision-making, and to turn thematic descriptions into
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analytical insightsin later stages of the analysis. Focused coding
was carried out by iteratively sorting and synthesizing
line-by-line codes into themes and subthemes related to the
research questions and by constructing key insights. Thisprocess
allowed for comparing and turning frequently reappearing initial
codes across large amounts of data, and obtaining more general
and analytically incisive findings (eg, “predictions can serve as
a second opinion” and “decision-making workload is reduced
when trust in the prediction tool is established”). The entire
processwas carried out iteratively in collaboration between SM
and TOA using the qualitative data analysis software NVivo
12 (QSR International).

Matthiesen et d

Results

Feasibility of the Prediction Tool in Clinical Practice

Does the Prediction Tool Change Clinical Decisions?

Overall, the electrophysiol ogists did not change their decisions
on clinical action when presented with the 30-day VT/VF
arrhythmia prediction (Table 3). However, severa
electrophysiol ogists found that the prediction tool was helpful
(Textbox 1, Quote 1) and increased their confidence in their
choice of clinical action, and that the predictions could help
prioritize patients (Textbox 1, Quote 2) and determine what
action to take in relation to the local circumstances at the clinic
(Textbox 1, Quote 3).

Table 3. Effect of the prediction tool on electrophysiologists' decision-making.

Question and answer Total (N=35), Casel Case 2 Case 3 Case 4 Case 5
n (%) (N=7),n(%) (N=7),n(%) (N=7),n(%) (N=7),n(%) (N=7),n(%)
Q1: Theprediction tool made me change my decision
on clinical action
Yes 1(3) 1(14) 0(0) 0(0) 0(0) 0(0)
No 34(97) 6 (86) 7 (100) 7 (100) 7 (100) 7 (100)
Q1la: | will contact the patient
Strongly disagree/disagree 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Neither agree nor disagree 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Agree/strongly agree 35 (100) 7 (100) 7 (100) 7 (100) 7 (100) 7 (100)
Q1b: | will book aprocedureor reschedulean existing
procedure
Strongly disagree/disagree 3(9 0(0) 1(14) 1(14) 0(0) 1(14)
Neither agree nor disagree 6 (17) 1(14) 0(0) 0(0) 4(57) 1(14)
Agree/strongly agree 26 (74) 6 (86) 6 (86) 6 (86) 3(43) 5(71)
Q1c: | will do something else
Strongly disagree/disagree 19 (59) 5(71) 3(43) 5(71) 2(29) 4 (57)
Neither agree nor disagree 5(14) 1(14) 1(14) 1(14) 2(29) 0(0)
Agree/strongly agree 11(31) 1(14) 3(43) 1(14) 3(43) 3(43)
Q2: Theprediction tool supported my decision-making
Strongly disagree/disagree 8(23) 2(29) 1(14) 0(0) 3(43) 2(29)
Neither agree nor disagree 4(11) 1(14) 0(0) 1(14) 1(14) 1(14)
Agree/strongly agree 23 (66) 4 (57) 6 (86) 6 (86) 3(43) 4 (57)
Q3: The prediction tool’svisualization of parameters
supported my decision making
Strongly disagree/disagree 11 (31) 3(43) 1(14) 2(29) 3(43) 2(29)
Neither agree nor disagree 3(9 1(14) 0(0) 0(0) 1(14) 1(14)
Agree/strongly agree 21 (60) 3(43) 6 (86) 5(71) 3(43) 4 (57)
Q4: The prediction tool can help mereach a decision
faster
Strongly disagree/disagree 13(37) 4 (57) 2(29) 2(29) 2(29) 3(43)
Neither agree nor disagree 4(11) 1(14) 0(0) 0(0) 3(43) 0(0)
Agree/strongly agree 18 (51) 2(29) 5(71) 5(71) 2(29) 4 (57)
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Textbox 1. Themes, insights, and illustrative quotes describing the feasibility of the prediction tool.

Taking Action

Insights: The prediction tool led to no changein clinical action; the prediction tool can increase confidencein clinical action; the prediction tool can
help prioritize clinical action and patients; and being confirmed supports decision-making.

« Quote 1: W, it hasn’t changed my current decision, but the basis is much better, and | can easily see that it has helped me. [Case 3,
Electrophysiologist #7]

« Quote2: If you are in a busy situation where many transmissions have arrived and the technician and | have to maneuver and prioritize, there
is no doubt that we will concentrate on those with high-risk predictions. [Electrophysiologist #5]

« Quote3: This[tool prediction] is something that might make me react a little more aggressively. [ ...] Now I've been told that he's actually more
likely to get an episode within the next month than he's not getting an episode .. ] if our programis fully booked, both today and tomorrow, and
the day after tomorrow, but on Friday we have a time. Then | kind of have to make a trade off if | really want to spare him a shock. Which may
turn into a lot of shocks. [Case 1, Electrophysiologist #2]

Decision-Making

Insights: The prediction tool predictions served as a second opinion; the prediction tool supported gathering of thoughts; the overall presentation of
the prediction tool needs to be easily translatable to clinical relevance; and being confirmed supports decision-making.

« Quote4: So, | agree with the conclusion, it was also my feeling that | would be a little worried about this patient. [Case 3, Electrophysiologist
#6]

« Quote5: But then if it is you now have to convince some [other electrophysiologists] that they should ablate her, then instead of saying that |
think so, you can argue that the algorithmthinks so too. So, in that way you can say that you can get an extra view of it. [ Case 3, Electrophysiologist
#3]

« Quote6: Inthat way, the algorithm can be a support because it helps to gather thoughts about things that play a role in whether a person gets
a new arrhythmia. [Case 3, Electrophysiologist #5]

« Quote7: Yes, | think again that if you present 58.6% then it expresses an accuracy that you may have difficulty navigating with. | know it from
other areasin the medical world, the thing about expressing something with a decimal number, it expresses an accuracy for which there may be
no evidence at all [..] | have a hard time relating to the number [..] it's problematic to translate that into something clinically relevant. [Case
1, Electrophysiologist #5]

« Quote8: | agree with what the alarmtells me, but | don’t think it has helped me very much right here. [Case 5, Electrophysiologist #5]

Visualization

Insights: The prediction tool should provide actionable parameters; showing parameters enables confirmation and agreement; showing parameters
enablesin-situ validation of agorithmic inputs and the prediction tool result; the prediction tool performsonly asgood asthe datait basesits predictions
on; transparency about the algorithmic datainput hel ped rai se confidence and trust; and showing important parameters is moreimportant than showing
the output probability.

«  Quote9: Tolist what countsfor and what counts against, makesreally good sense. That'salso how it worksin my head. [Case 3, Electrophysiologist
#1]

« Quotel0: | thinkit'ssuper good, | actually thinkit'sreally pedagogical, | likeit. Because, inreality thisishow it confirmstheresult. It'sbasically
the same empirical data that you have in your mind: You say “ okay, isthis a case where we have to do something?” 1t sums up some assumptions
that you have made yourself, and in that way, | actually think you are confirmed more than if you have a green or red light. [Electrophysiologist
#4]

« Quotell: It'svery niceto see that the algorithm reacts on the same parameters that |'ve discovered myself ... Soit'snice to seethat | agree with
it. You could say that it's supporting and it's safe to know, that it also says there was something here. [Case 3, Electrophysiologist #1]

« Quote 12: What's happening here is that the ICD detects that the patient has VT, and then the prediction tool basesit’s predictions on that. But
it's not entirely correct, because the device has recently been re-programmed to sense everything. [Case 1, Electrophysiologist #6]

«  Quote 13: This case has nothing to do with risk of VT/VF [ ...] it's the second thing | look at. No, here | won't use it [the prediction tool]. [Case
4, Electrophysiologist #1]

Time Saving

I nsights: The prediction tool can speed up decision-making when trust is established; the prediction tool can reduce workload when trust is established,;
the prediction tool can reduce information search time when no or low risk is predicted; the prediction tool can substitute patient input; and showing
important parameters enables work redel egation to technicians and nurses.

o Quote 14: It will give me a much better basis for decision making and | actually think it will save me a lot of time. Just like with all other new
technology based on machinelearning: thefirst 2 months| sit and read through to see what | have, but in month 3, | will look at the output alone.
Because then | trust that it has pulled out what is appropriate, and then it starts saving me all thework | did in the beginning. But for everyone,
it isthat thereis a phase for you personally to find out if this brings you further. [..] | really think | would have come to the decision faster if |
had seen thisfirst. [Case 3, Electrophysiologist #7]
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e Quote 15: | might reach a decision faster with this systemif | can’t get a hold of the patient i.e., if the patient does not pick up the phone. Then
it could well be that | ook at the alarm and say “ well, yes okay thereislow risk” [Case 2, Electrophysiologist #6]

«  Quote 16: You could make a scenario where the technician first looks at it [the prediction tool] and says ... okay there are those parameters and
there is electrical storm, so we call in the patient and the doctor does not have to look at the transmission. That would support our workflow.

[Case 1, Electrophysiologist #4]

In Which Cases Does the Prediction Tool Support
Clinical Decision-Making?

In 23 (66%) of the case walkthroughs, the electrophysiologists
agreed that the prediction tool supported their decision-making,
whereasin 8 (23%) of thewalkthroughsthey disagreed. Finding
the prediction tool supporting was particularly pertinent in both
patient cases 2 and 3, where 6 (86%) of the electrophysiol ogists
agreed, and the prediction tool was found to assist
decision-making by confirming the electrophysiologists clinical
evaluations and expectations of an increasing risk of VF/VT
(Textbox 1, Quote 4). On the contrary, when the
electrophysiologists were focused on predicting arrhythmias
other than VT/VF, the prediction tool was deemed less useful,
and answerswere more heterogenous (Case 4 and Case 5). Some
electrophysiol ogists said that the predictions served asasecond
opinion (Textbox 1, Quote 5) and that the prediction tool was
helpful for collecting arguments that supported the
electrophysiologists when trying to “gather thoughts’ about
potential  VT/VF occurrences (Textbox 1, Quote 6).
Neverthel ess, some el ectrophysiol ogists found that showing the
probability score as a percentage with decimals created
uncertainty, and the naming of parameters was sometimesfound
difficult to interpret (Textbox 1, Quote 7).

I's Visualization of | mportant Parameters Useful ?

The prediction tool’s visualization of the most important
parameters in the prediction of increased or decreased
probability of VT/VF arrhythmia was found useful when the
electrophysiologists agreed with the parameters presented. In
patient cases 2 and 3, 6 (86%) and 5 (71%) of the
electrophysiol ogists agreed that showing important parameters
supported their decision-making. However, when the parameters
represented poor dataquality (Textbox 1, Quote 12), agreement
was lower, for example, in patient Case 1 (43% agreed, 43%
disagreed), or when the electrophysiologists were focused on
predicting arrhythmias (Case 4 and Case 5) other than what the
prediction tool was designed for (Textbox 1, Quote 13).

In general, presentation of important parameters provided
explainability and supported decision-making by resembling
the clinical interpretation process of what counts for or against
the occurrence of VT/VF (Textbox 1, Quote 9). Severd
electrophysiologists found that visualization of important
parameters created more confidence in the prediction tool than
the probability score alone as the tool summed up many of the
same assumptions that the electrophysiologists aready had
(Textbox 1, Quote 10). Listing the algorithm’'s important
parameters also enabled electrophysiologists to do in-situ
validations of the prediction tool’s predictions by interpreting
the data against the patient case (Textbox 1, Quote 11).
However, in some cases, the electrophysi ol ogists found that the
parameters were based on wrong data from the ICD
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transmission. In those cases, it enabled eectrophysiol ogists to
check if the prediction tool based its predictions on wrong or
poor data quality and to decide whether to trust the predictions
or not (Textbox 1, Quote 12).

Does the Prediction Tool Reduce Time for
Decision-Making?

The electrophysiologists found that the prediction tool could
enable areduction in time for decision-making in cases where
they trusted the predictions. Moreover, 5 (71%) of the
electrophysiologists agreed that the prediction tool can help
reach adecision faster (Case 2 and Case 3). However, agreement
waslower (29% in Case 1 and 57% in Case 5) when predictions
were found to be uncertain or less useful for handling patients.

Several of the electrophysiologists expressed that once they
become familiar with the system, they expect the Al tool will
speed up decision-making and reduce the diagnostic workload.
This indicates that establishing trust in Al predictions is
essential. One of the electrophysiologists explained how time
can be saved when persona trust in the prediction tool is
developed (Textbox 1, Quote 14).

Across al cases, severa electrophysiologists found that the
probability score and the presentation of important parameters
can reduce information search time.  Typically,
electrophysiologists must retrieve valuable information by
clicking through multiple webpagesin the ICD manufacturer’s
web-based system, which the prediction tool summarizesin a
table. Some electrophysiologists also speculated that the tool
could support decision-making when patient input is
inaccessible, such aswhen a patient does not answer the phone
(Textbox 1, Quote 15). Other electrophysiologists considered
that the tool can support workflow and reduce unnecessary time
consumption  for  electrophysiologists by delegating
decision-making to the technician (Textbox 1, Quote 16).

Clinician Preimplementation Per spectives of the
Prediction Tool: Acceptability, Adoption, Demand,
and Implementation

Acceptability

Acceptability of the prediction tool was high when patient cases
concerned VT/VF, as the risk predictions were found to be
relevant. However, several electrophysiol ogists had expectations
that the prediction tool would bring new and groundbreaking
insights (Textbox 2, Quote 1) to support or challenge their
decisions on which action to take. In cases where the
task-technology fit was lower (Case 1, Case 4, and Case 5),
acceptability was also lower (Textbox 2, Quote 2). For some
of the electrophysiologists, the prediction tool was therefore
considered “nice to have” rather than “need to have’ (Textbox
2, Quote 3), while most of the el ectrophysiol ogists recognized
the potential of the prediction tool. Some of the
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electrophysiol ogists considered the tool useful for standardizing
decision-making acrossthe el ectrophysiol ogist team by avoiding
individual influencesfrom recent experiences and thusachieving
harmonization of individua treatment (Textbox 2, Quote 4).

Adoption

There was consensus that high precision is important for
prediction tool adoption to happen. Severa of the
electrophysiologists emphasized that the positive or negative
predictive val ue should be as unambiguous as possible, showing
either low or high risk when the alarm is raised (Textbox 2,
Quote 5). Other electrophysiologists emphasized that false
positives or negatives hinder adoption, which they explained
to be the case for the adoption of OptiVol (an early warning
aarm for fluid-related decompensation). Here, the
electrophysiologist team decided not to use it due to too many
false positives (Textbox 2, Quote 6). Several electrophysiologists
explained that acceptance and clinical adoption are collectively
decided based on team experiences from real-world use
(Textbox 2, Quote 7) and from experiencing that the prediction
tool actually confirms decisions in everyday clinical practice
(Textbox 2, Quote 8). Adoption can aso be achieved through
building trust in the tool by means of validation studies.
Participants explained that trust is a precondition for adoption,
which can be achieved by documenting effectsin arandomized
clinical trial and through algorithm validation in peer-reviewed
journals (Textbox 2, Quote 9).

Demand

Several of the electrophysiologists emphasized that there is a
high demand for workflow support in remote monitoring of
cardiac device patients. They found the prediction tool useful
for supporting more efficient prioritization and identification
of important patient cases (Textbox 2, Quote 10). Others
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described the demand for screening support among the
increasing number of nonspecialized hospitals where fewer
electrophysiologists are at work. For example, the prediction
tool could support technicians doing the initial prioritization
work more effectively and efficiently; the prediction tool could
decrease electrophysiologists' patient information search time
when handed over from technicians; and the prediction tool
could function as “data help” by enabling junior doctorsto get
aform of senior help by consulting the tool (Textbox 2, Quote
11).

I mplementation

To ensure successful implementation, some el ectrophysiologists
described how remote monitoring clinics may want to be able
to adjust the threshold of the prediction tool to fit local
workflows and prioritization rules. For example, technicians
and electrophysiologists should be able to configure the
prediction tool and decide on related actions, such as “no need
to take action” or “need to contact the patient” Relatedly,
several electrophysiologists explained that indications of
low-risk patients are especially useful in supporting clinicians
in handling low-risk transmissions (Textbox 2, Quote 12).
Moreover, the electrophysiol ogists explained that the intention
of using the prediction tool is dependent on easy access, aswell
ashow well it presents data and alleviates the need for clicking
through several web pages in remote monitoring systems
(Textbox 2, Quote 13). Some el ectrophysiol ogists added that it
is practical that the algorithm uses data already available in
remote monitoring systems, which are used daily for
decision-making in the clinic. Knowing the data creates
transparency and enables in-situ validation of the correctness
of the probability score, thereby increasing the likelihood for
success with implementation of the prediction tool (Textbox 2,
Quote 14).
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Textbox 2. Themes, insights, and illustrative quotes describing clinicians’ preimplementation perspectives of the prediction tool.

Acceptability

Insights: Expectations that the prediction tool would bring new and more groundbreaking insights; overall usefulness of the prediction tool is“nice
tohave;” clear purposeisdecisive for acceptability; intension of useistied to the prediction tool’s task-technology fit; harmonizing individual treatment;
and avoiding being influenced by recent experiences and reducing individua bias.

o Quote 1: [..] it confirms the assessment you make, and that's fine, but it's not something groundbreaking, and that's okay too. [Interview,
Electrophysiologist #5]

e Quote2: [..] I'malittle disappointed with the alarm, because for the cases | have looked at, the alarm has not given me much. [...] if you had
some cases with some ‘meat’ on such as a couple of treatment requiring VTs, | actually do think that getting a number, a risk score, will enable
to better estimating the problem. | think that can be valuable[...] | just think the cases were wrong. If you want to show that this algorithm gives
value and then bring 2 cases with AF problems, which the algorithm does not handle, then that's not optimal. [Interview, Electrophysiologist
#2]

« Quote 3: It's always nice when something is supportive, | would say, but isn't it a “ nice to have” and not a “ need to have” ? [Interview,
Electrophysiologist #4]

« Quote4: 20 years of experience or not. Perhaps, the advantage of the algorithmis that it is not influenced by what the individual clinician has
experienced within the last month, and in this way helping to make more uniform conclusions. [Interview, Electrophysiologist #5]

Adoption

Insights: High precision isimportant; false positives hinder adoption; using the prediction tool and getting confirmation in real life creates trust and
enables adoption; the clinical team needs to decide on use; a randomized clinical trial is a precondition for acceptability; and algorithm validation
supports trust.

« Quoteb5: If you want to come out with this, it must be something with a positive predictive value that is really good, so that you don't get a lot
of nonsense that you can’t use. The alarm should only be raised when there really is something. [Interview, Electrophysiologist #3]

« Quote6: It needs to be easily accessible and we [team of electrophysiologists] have to agree that we trust it [the prediction tool]. We just have
to say that yes it looks right. For example, the Optivol alarm had too many false positives, which gave a lot of extra work and everything, and
we actually chose not to use it because there were too many sources of error, and you only really discover that when you work with it [new
algorithmg]. [Interview, Electrophysiologist #1]

e Quote 7: | would say that it [prediction tool] would be an instrument that would have to be accepted in our group and then you would find it
valuable when we all agree to take the red alarmsfirst, and in that way use it to prioritize a bit. [Interview, Electrophysiologist #5]

o Quote8: | just think | should see that it confirms our decisions in enough cases - then | would feel comfortable about colleagues leaning on it
[..] Thereissomething about trying it out, you know how it is. [Interview, Electrophysiologist #4]

«  Quote 9: Published studies of the algorithm would increase confidence yes, because then you know that someone with an understanding of
making these models have said that it |ooks okay; someone externally who have validated it. [Electrophysiologist #1]

Demand

I nsights: Supporting better workflows; demand for prioritization and identification of important patient cases; increasing demand for screening tools
in nonspecialist hospitals; demand for decreasing el ectrophysiologist’s information search time; supporting nurses and techniciansto do prioritization
work; and “ data help” that enables junior doctors to get senior help.

«  Quote 10: When transmissions comeiin, it's almost an unsorted list of transmissions|[...] Thelist is unprocessed, so with the algorithm it takes
it a step further by nuancing what comes into CareLink [ Medtronic’s remote monitoring dashboard] with some semi-quantitative markings. And,
ifitisreliable, then it would be valuable. Partly because you don’t overlook anything, and partly because you are confirmed that we must take
these patients first, because we have experience that there can be trouble here. [Interview, Electrophysiologist #5]

« Quote 11: You could say that in this way, the young doctor can do without getting senior help by actually getting data help. [Interview,
Electrophysiologist #2]

Implementation

Insights: Demand for adjusting the threshold to local prioritization rules; clinics need to be able to configure the cutoff and threshold; making the
prediction tool easily accessible and integrated in the list of transmissions supports the workflow; intention of useis dependent on easy access; and it
is practical that the algorithm uses data that are already familiar to the clinicians.

« Quote 12: Electrophysiologists don’'t bother to hear about it if it is below a certain percentage [ ...]. We have adopted some rules, e.g. if you
have a patient and she has got a shock, and gets rare therapies and it goes over, then we don’t need to hear about it because we think there is
not a big risk. You might well imagine that introducing this alarmwill support handling low-risk transmissions. [Interview, Electrophysiologist
#3]

« Quote13: If it'seasily presented and you don’'t have to go in and look through 4 pages and such and if it was on the front page and brought up
“number of episodes’ and information like that - if you could easily retrieve the information [from the prediction tool] or if it was printed on
thelist of transmissions we are working on, then it would also be a great help. [Interview, Electrophysiologist #1]
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«  Quote 14: What one would emphasize, is that the algorithm uses the same data that the clinician usesi.e. it's the same data, just integrated
according to a formula that clinicians do not currently have available. [Interview, Electrophysiologist #5]

Discussion

Tackling the Sociotechnical Challenges of ML -Based
Toolsin Health Care

In bridging the sociotechnical gap between the devel opment of
ML -based toolsand clinical implementation, this study explored
the feasibility and clinical perspectives of using a prediction
tool for improved workflows in ICD remote monitoring. We
found that the feasibility of the ML-based tool is promising
when the intended use of the tool is aligned with expectations,
that is, by providing support for decision-making, visuaizing
useful information, and reducing time spent. The results also
show that an actionable prediction tool is one that presents the
reason for why the algorithm deemed as it did, such asin this
study, by highlighting important data to be used for clinical
evaluation and enabling clinicians to assess the agorithm's
outcome against their own evaluation [31,33].

However, the current prediction tool did not lead to change in
clinical action, suggesting that ML and explainability techniques
do not outperform speciadized and experienced
electrophysiol ogist evaluations, but at best confirm and support
the interpretation of complex ICD device information along
with a promise for aless time-consuming clinical workflow.

The contribution of this paper lies in the implications of the
qualitative results suggesting that clinical end-users, clinical
contexts, and workflows must beincluded throughout an overall
iterative approach to design, development, and implementation.
In thefollowing sections, we will discussthe qualitative results
concerning the sociotechnical challenges and implementation
of ML-based tools for clinical decision support.

Expectations Need to Align With the Intended Use of
Al

In cases where misadignment emerged between the
electrophysiologists expectations and intended use, the
prediction tool was considered less useful and at best “nice to
have’ for clinical decision-making. For example, in caseswhere
the ICD transmissions revolved around other types of
arrhythmias than what the prediction tool was designed for and
in cases where the electrophysiologists expected that the
prediction tool should be capable of outperforming their own
evaluation, disappointment was raised about the performance
of the underlying Al algorithm. Thisaligns with recent studies
that reported on physicians high expectations and attitudes
toward medical Al [22,23,51,65]. The challenge of managing
expectations has been addressed by agrowing number of studies
aimed at providing an explanation of algorithmic decisions at
the time of inference [36] and by developing user interfaces
with expectation adjustment techniques [66]. Recently,
researchers focused on the early human-Al onboarding process
of pathologists and found that presenting a global view of a
prediction tool and its capabilities, limitations, and biasesiskey
to the formation of initial impressions and appropriate mental
models [67]. This suggests that the development of so-called
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explainability in the user interface is important, but
communicating the intended use of the prediction tool is
imperative for acceptance in the clinic. To achieve alignment
of expectations, training programs for clinicians are critical
when implementing medical Al tools.

Trust Emerges From Real-World Use

Trust is another key factor for user acceptance and adoption of
Al technologies. Trust is typically considered an issue in
creating transparent and understandable algorithmic behavior,
as opposed to seeing the prediction tool as a black box
[55,68,69]. Extensive research on explainable Al and various
approaches to achieve transparency have been suggested [11],
yet experimental studies on whether these approaches achieve
their intended effects in the real world are only just starting to
emerge [38,39,69,70]. In this study, the electrophysiologists
requested large-scale algorithm validation and prospective
evaluations from clinical trials. However, an important
observation wasthat trust in the prediction tool may only emerge
from continuous use of the tool and from experiencing
confirmation on individual evaluations in collaboration with
the tool. There was general agreement among the
electrophysiologists that visualization of the most important
predictive parameters helped raise confidence and trust over
time, and that adoption of the prediction tool would hinge on
the collective decision among the team of el ectrophysiologists.
Recent experimental studies have reported similar findings
[69,71] and have demonstrated that adding an Al prediction
tool to the clinical evaluation can increase clinician confidence
[24]. The implication of understanding trust as emerging from
real-world use is that when deploying medical Al in clinical
settings, trust needs to be built bottom-up through weeks or
months of trialing the new tool for clinicians to experience
convincing reassurance. Therefore, initia implementation
processes may benefit from simultaneous calibration and
adaption of the tool to establish a human-Al partnership, and
allowing the local team of cliniciansto decide collectively how
they choose to trust and use the tool in the clinic.

Accuracy is Dependent on Wor kflow and Context

While Al agorithms have been validated and have been shown
to have similar or higher accuracy than humans, recent studies
of Al deployment in clinical settings report that professional
autonomy, workflow, and local sociotechnical factors have
impacts on how accuracy is perceived and used in clinical
practice[24,43,45-47,50-54]. Bruun et al [24] found that overall
performance was positively impacted among clinicians using
an Al-prediction tool for assessing progression in early stage
dementia and that clinicians' professional autonomy impacts
theuse of medical Al in situated clinical practice. Additionally,
the study by Beede et al [29] of a ML-based (deep learning)
system used in clinics for the detection of diabetic eye disease
indicated that several socioenvironmental factors, such as busy
screening  procedures, poor lighting conditions, and
consideration of patient burden, have impacts on how Al
accuracy is perceived in clinical screening practices. Similarly,
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we found that high accuracy becomes relative to the
electrophysiologist’s evaluation of available information, the
local circumstances, and the consequences that Al predictions
havefor taking action. For example, several electrophysiologists
argued that Al prediction needs to be considered against
patient-reported symptoms and that afull patient schedule may
affect how the Al predictionisacted uponin practice. Moreover,
in several cases, the electrophysiologistsfound the visualization
of important parameters more useful than the prediction score
itself. This indicates that Al accuracy needs to be understood
asrelational and dependent on available information and local
workflows, which supports the vision of establishing a
human-Al symbiosis that combines the predictive abilities of
both the clinician and the Al prediction algorithm [32,33].
Finally, thewish for better visualization of data parameters over
prediction accuracy indicates that the development of medical
Al assistants needs to be carried out as close as possible to
implementation in clinical practice with clinica end-users
through iterative approaches [37,42,72] that can bridge the “Al
chasm” [41] of scientifically sound algorithms and their usein
meaningful real-world clinical applications.

Limitations

The findings in this study are limited to the small humber of
study participants and patient cases. One electrophysiologist
(PKJ) participated in co-design workshops, resulting in potential
positive bias. Patient cases were selected to represent diversity
in prediction capabilities, rather than the distribution in
clinical practice, which may weaken the generalizability of the
results. Only cases where the prediction tool provided
true-positive and true-negative prediction outcomes were used,
which means that the clinical feasibility of ML in cases with
false-positive and fal se-negative outcomes [73] have not been
explored. Future studies are needed to assess the implications
of false prediction outcomes, as well as conduct algorithmic
validation similar to recent related studies[14-21]. Limitations
alsoinvolve dataavailability, that is, the data set used may entail
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algorithmic bias[13] and the study participants may have been
more positive toward innovative Al technology since all of the
study participants were from a tertiary university hospital and
congtituted a rather homogenous group of highly specialized
physicians. The Al studied has limitations, because only the
random forest ML-based algorithm was evaluated with
electrophysiologists. These types of methods are commonly
used in medical applications [21,74,75] because of their high
classification accuracy and capabilities for handling data with
imbalanced classes [50] while providing easily accessible, if
limited, globa intelligibility through the visualization and
ranking of parameter importance [55]. This work will benefit
from being validated in a large-scale multicenter study with
higher diversity in participating electrophysiologists and
workflows. It will beimperative to conduct prospectiveclinical
trials evaluating the algorithm against standard care with regard
to workload, cost-effectiveness, and hard clinical endpoints.

Conclusions

This study shows that atool based on ML for the prediction of
VT/VF in remote monitoring of 1CD patients has the potential
to support electrophysiologists’ decision-making. While the
prediction tool wasregarded as“ niceto have’ rather than “ need
to have” inits current form, the tool demonstrated potential for
supporting clinical decision-making, asit provided reassurance,
increased confidence, and indicated the potential for reducing
information search time, as well as enabled delegation of
decisions to nurses and technicians. The findings also indicate
that trust in the prediction tool, acceptable data quality, and
clearly defined intended use are decisive for end-user acceptance
and that adoption hinges on successful clinical implementation.
This suggests that clinical end-users' sociotechnical contexts
and workflows need to be taken into consideration early on and
continuously throughout a participatory design process to
address the sociotechnical gap between the development and
implementation of medical Al in cardiac care.
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Abstract

Background: Bedside manner describes how clinicians relate to patientsin person. Telemedicine allows clinicians to connect
virtually with patients using digital tools. Effective virtual communication or webside manner may require modifications to
traditional bedside manner.

Objective: This study aims to understand the experiences of telemedicine providers with patient-to-provider virtual visits and
communication with families at a single large-volume children’s hospital to inform program development and training for future
clinicians.

Methods: A total of 2 focus groups of pediatric clinicians (N=11) performing virtual visits before the COVID-19 pandemic,
with arange of experiences and specialties, were engaged to discuss experiential, implementation, and practice-related issues.
Focus groups were facilitated using a semistructured guide covering general experience, preparedness, rapport strategies, and
suggestions. Sessions were digitally recorded, and the corresponding transcripts were reviewed for data analysis. The transcripts
were coded based on the identified main themes and subthemes. On the basis of a higher-level analysis of these codes, the study
authors generated afinal set of key themes to describe the collected data.

Results: Theme consistency wasidentified across diverse participants, although individual clinician experienceswereinfluenced
by their speciaties and practices. A total of 3 key themes emerged regarding the development of best practices, barriers to
scalability, and establishing patient rapport. Issues and concerns related to privacy were salient across all themes. Clinicians felt
that telemedicine required new skills for patient interaction, and not all were comfortable with their training.

Conclusions: Telemedicine provides benefits as well as challenges to health care delivery. In interprofessional focus groups,
pediatric clinicians emphasized the importance of considering safety and privacy to promote rapport and webside manner when
conducting virtual visits. Theinclusion of webside manner instructionswithin training curriculais crucial astelemedicine becomes
an established modality for providing health care.

(JMIR Hum Factors 2021;8(4):€29941) doi:10.2196/29941
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Introduction

Background

Telehealth isabroad term that describesthe provision of health
care remotely using technological toolswith or without avideo
connection [1]. Telemedicineisasubset of telehealth that refers
specifically to the provision of clinical health care services.
This can involve asynchronous transmission (ie, store and
forward) of information for later review by a clinician or
synchronous, live conferencing [2]. Inavirtual visit, the patient
and clinician are connected viaalive, synchronous, interactive
video system.

Within pediatrics, before the onset of the COV1D-19 pandemic,
telemedicine had been used in avariety of specidties, including
neonatology, critical care, ophthalmology, dermatology, and
urology [3-6]. Although there are additional concerns and
logistical issues in implementing this type of care delivery in
pediatrics, several studies have also demonstrated that the use
of this technology is feasible, safe, economical, and beneficial
to families because of reduced absenteeism for children and
their caregivers [4,7,8]. Within this context, a telemedicine
program was launched at our institution, a large tertiary care
pediatric center, in late 2016.

Although telemedicine was originally used to access patients
in remote locations, virtual visits have increasingly been
accepted asatool to providereal-time, convenient medical care.
In part, thisis because of the rapid advances in technology and
the widespread affordability and accessibility of basic
telemedicine tools (eg, mobile devices) [9]. Sinceitsinception
in late 2016, our institutional telemedicine program rapidly
expanded to include 22 departments and 2345 virtual visits
(<1% of total outpatient visits) when the study was initiated in
November 2018. Patients participated in the virtual visit from
their home or any other convenient location. The virtual visit
isthe telemedicine focus in this analysis.

Objectives

With the rapid application of this innovative technology, it is
essential to preserve standards for high-quality and meaningful
care. This includes effective virtual communication or good
webside manner [10,11]. When communicating through
technology, bedside manner, or the way in which clinicians
relate with patients, may not be implemented in the same way
asin person. Although maintaining a connection with patients
and having therapeutic in-person interactions are considered
good bedside manner, the ability to connect with patients
virtually or in a webside manner is a novel concept.
M odificationsto the environment and clinician communication
style may be necessary to build rapport and positively affect
the visit experience. Asvirtual visits are becoming a powerful
tool for clinicians to connect with children and families, it is
essential that clinicians develop these skills. The aim of this
study, conducted before the COVID-19 pandemic, is to
understand the experiences of telemedicine providers with
patient-to-provider virtual visits and communication with
families at a single large-volume children’s hospital. We
anticipate that these qualitative data will be useful for guiding
program devel opment and training future clinicians, information
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that remains salient, given the established role of virtual visits
in the context of the COVID-19 pandemic.

Methods

Study Design

A total of 2 focus groups of clinicians performing virtual visits
were conducted before the COVID-19 pandemic, with the aim
of generating discussions around shared experiences in the
implementation and practice of telemedicinein their individual
disciplines. Theinstitutional review board of Boston Children’s
Hospital deemed this study exempt.

Sample

A purposive sample of clinicians who performed virtual visits
at a single pediatric ingtitution was recruited to participate in
the study [12]. In keeping with purposive sampling, potential
participants were invited based on a desire to represent groups
that were already more extensively involved in virtua visits
(clinical champions), becoming more involved in virtual visits
(those increasing their volume), and representing both medical
and surgical specidties as well as different health care
disciplines (Doctor of Medicine vsnurse practitioner, registered
nurse, or physician assistant). The participants did not need a
minimum number of years of experiencewith virtual visits, and
not al clinicianswere contacted. Dedicated clinical champions
were working with the hospital’s virtual visit team to increase
virtual visit volume and engagement in their department.

To reflect the diversity of experiences with virtual visits at the
institution, groups were constructed based on specialty (both
medical and surgical) and telemedicine experience (defined as
the number of virtual visits conducted). At thetime of the study,
because of insurancerestrictions, virtual visitsat the institution
were limited primarily to postoperative and established visits.
Recruitment for thefirst focus group included dedicated clinical
champions for the virtual visit team, and the second group
included clinicians who actively increased their virtua visit
volume. Clinicians were contacted via email and invited to
participate in the focus groups. If willing, the clinicians
completed asurvey and participated in afocus group. A catered
breakfast was provided to the participants.

Interview Guide and Procedures

On the basis of a review of the literature, interprofessional
collaboration, and discussion with clinicians with telemedicine
experience, a clinician survey and focus group guide were
developed. The survey contained amix of 5-point Likert scales,
binary (yes or no), and multiple-choice questions that covered
topicsincluding theindividual clinician experiencewith virtual
visits and their opinions on the efficacy of the visits. The
semistructured focus group guide contained open-ended
guestions regarding clinicians' general experience with virtual
visits, impression of preparedness, strategies for establishing
rapport with patients and families, and suggestions for future
considerations (Multimedia Appendix 1).

The 2 focus groups were conducted to include clinicians from
thefollowing disciplines: primary care, urology, ophthalmology,
gynecology, cardiac surgery, psychiatry, neurosurgery, and
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orthopedics. Groups were moderated by 1 team member and
supported by 3 others. One of the team members was a virtua
visit clinical champion and participated in the first focus group
and served as an observer in the second. Clinicians participated
in person or by phone, and all sessions were digitally recorded
and professionally transcribed.

Data Analysis

Field notes and focus group transcripts were reviewed to identify
themes that clinicians voiced on experiences related to their
virtual visit encounters. Thematic analysisisacommon research
strategy among qualitative researchers. It enablesinvestigators
to form generalized commentary in a subject area via the
compilation of participant-level experiences and opinions
[13,14]. After review and discussion, aninitial set of codeswas
generated by the team and then applied to the transcript data.
Meetings were then held to resolve any discrepancies, and a
final coding framework was agreed upon. The analysisgenerated
a clear saturation of thematic content between the 2 focus
groups. After the iterative coding process was complete, the

Table 1. Focus group participant characteristics (N=11).

Finkelstein et al

research team used NVivo 12 software (QSR International) to
organize the data for further discussion. The qualitative data
were then iteratively reviewed so that codes could be collated
into themes and subthemes. Through this process, 3 overarching
themes were identified that best described and compiled the
body of data.

Results

Participant Characteristics and Survey Results

Thefocus groupswere conducted in November 2018 and March
2019. A total of 11 clinicians participated in the study, who
were split between the 2 focus groups of 6 (55%) and 5 (45%)
participants. Approximately 73% (8/11) were physicians, and
the groups were divided into medical and surgical speciaties
(Table 1). The focus group duration was an average of 69 (SD
+ 8.5; range 63-75) minutes.

The survey results from the participants (8/11, 73%) are
summarizedin Table 2. All respondents answered each question.

Participants

Focus group 1 (n=6)

Focus group 2 (n=5)

Number of participants by subspecialty type, n (%)

Surgical 3 (50)

Medica 3(50)
Number of participants by clinician type, n (%)

MD? 4(67)

PAP, RNC, NPA 2(33)
Number of virtual visits completed, range®

MD participants 1-106

4 (80)
1(20)

4(80)

1 (20)

4-135

a\ID: Doctor of Medicine.
bpa: physician assistant.
°RN: registered nurse.
INP: nurse practitioner.

€Data for physician assistant, registered nurse, and nurse practitioner participants were not available.
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Table 2. Clinician survey results.
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Question

Answer options

Responses, median (IQR)

Approximately how many virtual visits have you
completed?

How prepared did you feel to start virtual visits
after virtua visit training?

Generally, how satisfied have you been with the
virtual visit experience?

What measures do you take to minimize back-

Freetext

Not at all

Not realy

Neutral/l don’'t know
A little bit
Completely

ghrwNE

Not satisfied
Slightly satisfied
Neutral/l don’t know
Very satisfied
Extremely satisfied

akrwpNE

[

Wearing headphones

50 (7.25-60.5)

4,00 (3.75-4.25)

4,00 (4.00-4.25)

Conducting the virtual visit in a private office
or space: 5 clinicians;
Put asign on my door: 1 clinician;

Other: made sure | had awall or normal plane
behind me: 1 clinician

45 (4.00-5.00)

4,00 (3.25-4.00)

In-person training: 5 clinicians;
Self-paced online learning: 3 clinicians;
Interactive simulation: 6 clinicians

45 (4.00-5.00)

ground noise or change other environmental con- 2. Conducting the virtual visitin aprivate of-
ditions that may affect the quality of the en- fice or space
counter? 3. Putasignon my door
4. Use partitioning wall
5. Other, please specify
| am able to communicate effectively with the 1. Strongly disagree
patient and family. 2. Disagree
3. Neutra/l don’t know
4. Agree
5. Strongly agree
| am able to obtain sufficient informationeven 1. Strongly disagree
though the physical examinationisnotin-person. 2. Disagree
3. Neutral/l don’'t know
4.  Agree
5. Strongly agree
How do you see providers being educated onvir- 1. In-person training
tual visitsin the future? 2. Sdlf-paced online learning
3. Interactive smulation
4. Other, please specify
By performing virtual visits, | am ableto offload 1. Strongly disagree
in-person visits. 2. Disagree
3. Neutra/l don’t know
4.  Agree
5. Strongly agree

Thematic Analysis

A model emerged from the analysisthat contained 3 overarching
themes: (1) development of best practices, (2) barriers to
scalability, and (3) establishing patient rapport. The generation
of these themes suggested their applicability across participants
from different disciplines, athough individual clinician
experienceswereinfluenced by their subspecialty and longevity
of virtual practice.

Theme 1: Development of Best Practices

Overview

Overarching the discussionswas aneed to devel op best practices
in pediatric telemedicine, including but not limited to the need
to determinetheideal virtual patient, address privacy concerns,
and ensure adequate physical examinations. Clinicians agreed

https://humanfactors.jmir.org/2021/4/€29941

that different disciplines could learn from one another and that,
although someissues cut across disciplines, otherswere unique
to individual subspecialties.

Ideal Patient

The ideal telemedicine patient was described by focus group
participants as one who woul d experience the potential benefits
of telemedicine (ig, living far from the hospita and whose
parents’ capacity to take time off work was limited), is already
comfortable with the clinician, and whose physical evaluation
requires minima hands-on examination. Multiple clinicians
shared that it was important to thoughtfully select the patients
who would gain the most value from the telemedicine
experience. Clinicians who represented mental health fields
additionally expressed that some patients did measurably better
with virtua visits than with in-person visits:
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We're doing these appointments not because we
expect a postoperative complication because we've
kind of screened these patients out, but we're doing
them as a touch point to the patient so that they feel
cared for and so that their perception of careis better
just because we'relooking at them and we're talking
to them.

We also have a lot of patients that are coming from
like South Shore or just a long ways away from the
hospital, | think like all of us and it's so nice to be
able to...especially if it's a visit where we're kind of
just checking in on like their experience on a
medication or side-effects where it may only need to
be like a 20-minute conversation that can happen
without a two-hour drive. That feels good for
everybody so | don’t think there's been any downside
to it that we've seen yet.

There's a number of kids, if they are on the autism
spectrum or have connection difficulties socially, it
seemsthat like I’ ve had communication is easier for
them, like it's more approachable for them. And so
sometimes we're just able to get more out of them
than we would if we were in person where there’'s
something that is physically just...in the room it's
hard for them about connecting in person.

Privacy Concerns

Acrossdisciplines, clinicians shared concerns regarding patient
privacy and exchanged best practicesfor dealing with sensitive
physical examinations;

I’ve started telling patients, just because thiswas on
my mind about the privacy issues, etc., their comfort
level, | started telling patients that I'min my office,
I’min my private office, and nobody is going to open
the door.

| do say that in the office for the older kids..we're
going to examine down here. You only do this if
there'sa doctor and your parentsintheroom. | guess
| really hadn't said that when I'm on the
telephone...that’s probably a good idea.

We also huilt in the support piece so probably we
wanted to make sure that the patient felt comfortable
and safe and so we have a social worker call them
right after the visit, | contact them a week later just
to make sure that they're feeling okay with it.

Physical Examination

Regarding thevirtual physical examination, most cliniciansfelt
they could do a good enough examination for the purpose of
the visit. Some clinicians expressed concerns regarding the
patient’'s or parent’s impression of the examination, often
because of the technical issueswith video equipment or lack of
user experience. Clinicians also shared how they adapted their
use of technology to meet the needs of their specific clinical
practice:

It only took probably a handful of cases to make it
obvious that we do see what we need to see very
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clearly. | think it's exceeded all of our expectations
for sure.

Sometimes it does lead to maybe a suboptimal exam
where you're like okay, well, I'msureit'sfing, | can
seeit well enough but I'd love to seeit better and it's
certainly not the same as seeing themin person; it's
just probably “ good enough.” But | loveleaving those
with thinking this virtual visit was equivalent to my
physical, to my in-person physical examination and
often they do fedl that way. But when the camera is
jiggly or the connection’s not great, | don't feel that
way. | feel that it's good enough, but that’s a little bit
of a slippery slope if you think about it.

So yesterday | had the big sister actually get on the
other side of the iPad and have the baby look at the
big sister and then | said okay, | see the eyes go to
the left, so | had like sister, big sister run to the left
and the baby goes ooh, follows the kid, and I’'m like
mom, hold the head so | can see the eyes moving and
it was an awesome way to do the exam. And so, then
the big sister was running back and forth and the
kid's eyes are going back and forth, I'm like this is
great.

Theme 2: Barriersto Scalability

Overview

Many clinicians mentioned the challenges they faced, which
made them concerned about the quality and effectiveness of
virtual visits. Some issues involved overcoming technical
difficulties for the patients, families and clinicians, which
occupied time during the visit. There were also concerns
regarding privacy and how that might limit the environment in
which avisit could take place.

Family Preparation and Education

Clinicians noted that although previsit educational materials
were provided to families, these materials were not adequate,
asclinicians spent asignificant amount of time assisting patients
and families with technical issues:

| estimate like probably 20% of my time, of my patient
load is spent doing a lot of explaining of things.

| find that they're not reading these things and so
we're trying to educate them but our education has
not been effective thusfar with the handouts, with the
carousel screen.

That's my problem. More than 50% of my visits are
spent with 50% of my time teaching best practices
and themorethat I’ verealized that the best practices
actually allow me to see that postoperative surgical
wound better, to give that equivalent virtual
experience as the in-person experience, the more
frustrated I’ ve become with the idea that the patients
| don't think are reading these best practices.

Privacy and Safety

Clinicians expressed concern that patients and families did not
receive adequate information regarding the privacy and
confidentiality of encounters. Some suggested changes that
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could be made individually and at a program level to improve
patient and family knowledge of privacy restrictions around
virtual visits. Clinicians expressed apprehension regarding
performing sensitive examinationsvirtually. Thiswas especially
concerning for specialties such as urology, in which the physical
examination primarily involves sensitive areas of the body:

And so to this point of preparation, we have no sort
of documentation; we have no pre-visit preparation
telling them these things, that your provider will be
in a private spot, there will be nobody else present,
etc., your privacy is guarded, we have no...guidance
on this with the families at all. | think we have to be
much more careful with all these things to make sure
that they come away feeling really confident and safe
in this experience.

So at this point the patients and the families don't
receive anything that says that you can fedl safe and
that any pictures obtained during the...there’ snothing
like that?

Well couldn’t it be part of the carousel, even just a
reminder that thisis still a private appointment and
that any information obtained is really part of your
health record, that would be just to remind them
because they have to read those things because they
go around.

So | don't know, it's something that | think for those
that do that sort of sensitive exam to really consider
how we should best prepare families to do that

And these areinteractionswith these patientsvirtually
with sensitive exams—we have not set any
expectations, we have not set any boundaries.

Logistical Issues

Cliniciansacknowledged issueswith patientsand familiesusing
technology that limited the effectiveness and impact of virtual
interactions. Clinicians expressed frustration with thetechnol ogy
not functioning as well as they thought it should, resultingin a
poor connection or an image that would makethe visit difficult:

..it's a struggle, to get—to teach them how to turn,
you know, how to reverse the camera and they're like
what, and then they hang up

...sometimes physical examis—t'simpossible either
A, you can't figure out how to focus the camera, kids
moving. Their whatever, bandwidth is horrible, so
you're—it’s like this blurred image anyway. A lot of
it they just can’t get it and eventually you're just like
okay, good enough. That'siit.

..theissueislike the cameraisin the corner but the
image isin the center of the screen. So, likeif thisis
the baby, getting themto line up the corner with what
you want to see, versus the middle

...but it’sjust the optics that whatever the bandwidth
is not always good enough that we can actually see
enough...Nothing you can do about it. Either | have
to bring them back in...Decide on how important it
is.
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If the bandwidth is bad there's just nothing—you're
going to have to bring them in eventually. That's
probably the biggest limitation at the moment for me.

Well, | understand that there’'s only so many
limitations, | can't call the help desk and say, hey
guess what, their WI-FI is horrible

Theme 3: Establishing Patient Rapport

Overview

Clinicians acknowledged alearning curvein their ability to use
telemedicine technol ogy to provide optimal patient experience.
Part of thisis based on their own comfort level and confidence
but is complicated by learning how to establish new ways to
interact with and build rapport with families via this modality.
Assuch, not al clinicians come away with apositiveimpression
of the experience.

Clinician Confidence and Flexibility

Clinicians discussed how their own comfort, confidence, and
flexibility were critical to the effective use of virtua visits:

| think it's getting more comfortable behind the
camera; it's just | think being less stiff and sort of
bringing what | bring to the bedside to the camera
and in trying to remember that and not being
uncomfortable with the media part of this.

They have to understand that | believe in it and that
it’sworking. Like in the beginning, because | wasn't
sure myself and | had to figure it out, and how am |
going to talk to them about it and all this, and | no
longer say this is something we're trialing out and
all that. You know, we haven't done it before. | just
say thisis what we do. You'll find it very helpful.

Patient I nteractions

Clinicians acknowledged theimportance of establishing rapport
with familiesviavirtual visits. They noted that interactions can
be less natural and expressed particular anxieties about certain
circumstances that virtual visits may make more challenging,
such as communicating about privacy issues:

And sort of getting that whole thing in there and |
think connecting in a personal way, for me, is
acknowl edging some of the difficulties, especially for
our population and this is just such a huge
undertaking for parents and families and just saying
kind of hang in there, that kind of thing. So | think
those personal statements from me are important

..it's been a little weird, I've got to be honest, with
little boys that are old enough, the mom calls them
over and what happens in the office is the parents
will routinely say “ remember, Jimmy, only mommy,
daddy and the doctor; right, and then | say
“exactly;” talk them through it, make sure they're
comfortable. On the video it's mom saying “ okay,
Jimmy, remember it’sonly video when it’ sthe doctor”

Clinicians' Impression of the Virtual I nteraction
Clinicians had both positive and negative impressions of the
virtual interaction and their ability to establish rapport with
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families viavirtual visits. Clinicians seemed surprised by their
positive experiences. Negative experiences focused on control
of the encounter:

| just feel like...that | have an ability to still connect
with patients the way that | like to. | till take in
information the way | do as a clinician. | do look
around the room, | do look at siblings, | do look at
the interaction of parents, those kinds of things, so
it's not an isolated FaceTime experience | think that
you would...and | expected it to be kind of a little bit
sterile or super-removed | think.

I have found that some of my patients have used this
as a liberty to change the way this relationship is
going to work, that all of a sudden now all the kids
can run around, all of a sudden like other things can
go on like the plumber coming in to fix the house at
the sametime as our visit. Now | know some of these
things are out of control, like | get a page in the
middle of a visit and | have to step out of an
appointment, so it happens, but my impression isthat
the percentage of times that this happens is higher
when they're in the home environment versus when
they arein our office environment.

Discussion

Principal Findings

Thisqualitative study of cliniciansat alarge, academic pediatric
medical center who were initial users of telemedicine (before
the COVID-19 pandemic) identified 3 key themes that are
valuabl e to the understanding of how patient-to-provider virtual
visit programs may be sustainable and generalizablefor pediatric
patient carein the long term. These included a need to develop
best practices in pediatric telemedicine, particularly regarding
patient selection, privacy and physical examination; barriersto
scalability, including technical and logistical issues as well as
privacy concerns; and the ability of cliniciansto establish rapport
with patients through virtual visits. I ssues and concernsrelated
to privacy were salient across al themes, and clinicians noted
opportunities for shared learning across subspecialties.

Thelast 2 decades have seen agrowth in the use of telemedicine,
particularly for medically underserved communities[9,15-18].
Advocatesfor itsusein pediatrics have pushed to reduce barriers
as ameans of expanding access to pediatric care [9]. However,
addressing the need for stable funding and adequate training in
technology use has been highlighted as an important priority
for the forward expansion of telemedicine [9], and this study
makes it apparent how essentia this is for the successful
implementation of telemedicine in the pediatric setting. As
health care clinicians learn their clinical skills, part of their
training is the devel opment of tools and habits they will use to
establish positive bonds with their patients. The clinician’s
ability to interact with patients and deliver high-quality care
can be described as bedside manner. The concept of webside
manner was introduced to highlight that telemedicine
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interactions may require new training and learned skills in a
variety of domains, including technology, to ensure the same
level of clinician interaction with patients [10,19]. This
qualitative study of telemedicine providers brings to light the
importance of formal training in webside manner to optimize
the virtual visit experience.

Comparison With Prior Work

Thisstudy reflected theviews of initia telemedicine usersbefore
the COVID-19 pandemic. The findings were comparable with
aprior framework of early adopters, which highlights the need
for clinicians to be flexible and attentive to the nonmedical
aspects of patient interaction [20]. Despite the prevalence of
technology in health care, clinicians in this study reported
technical and logistical issues that affected the virtua visits.
Families were given instructions on how to use telemedicing;
however, many still had trouble or did not fully understand the
instructions. In addition, some clinicians raised concerns that
the video quality may not be adequate for all situations.

Similar concerns about technology and patient selection have
been raised elsewherein the literature [ 15,21-23]. A qualitative
study among rural health clinicians in the United States also
specifically identified concerns about how technology may
affect personal relationships, in this case among generalistsand
subspecialists[16]. A qualitative study in Australiaof rural and
urban health care clinicians with variable levels of exposureto
telemedicine identified that those with greater telemedicine
experience recognized the need to be pragmatic about the risks
and challenges of telemedicine aswell asfor ongoing technology
support [24]. In this study, clinicians broadly reflected on their
rapid experiential learning and had varied attitudes regarding
their comfort with patient interaction. Other studies evaluating
clinician attitudes around tel emedicine integration into pediatric
caresimilarly suggest that contextual factors, such as perceived
usefulness of telemedicine and ease of use, may affect uptake
and concern regarding the impact of technology on the patient
relationship [16,25].

The 2 other prominent issues in focus group discussions were
safety and privacy. Traditional health care visits take place in
controlled environments that are designed to ensure safety and
privacy, allowing the clinician to focus on the patient and their
family. In avirtual visit, the clinician has limited control over
where the patient and family is during the visit, and the patient
cannot see the clinician’s surroundings. Consequently, privacy
isaconcern raised by both cliniciansand patients, and adequate
education and tools are of paramount importance[15,23,26,27].
Clinicians in this study agreed on the importance of ensuring
safety and privacy, athough the methods and tools used to
address them varied. During the focus groups, clinicians had a
real-time exchange of ideas regarding their telemedicine
improvement strategies, and their engagement in learning from
one another around this issue supports the need for further
development of best practices in this area. Some actionable
recommendationsthat follow from these discussionsare outlined
in Table 3.
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Category Actionable recommendation Responsible for implementation
Technology « Incorporate tools to support previsit technical testing (eg, video, audio, and connection) Institution
for both patients and clinicians
*  Develop and use HIPAA® compliant methods for patient-to-provider sharing of content
(eg, photos and laboratory data) before or during the virtual visit
Environment o Ensurethat the physical environment supportsaprivate and professional virtual encounter  Clinician
Training «  Create standardized patient and clinician user guidesfor thevirtual visit platform; include Institution
major technical issues, best practices, and explanation of privacy issues
« Include specific physical exam guidance, depending on subspecialty, including language
around privacy
«  Sharewritten content and links to published resources for virtual visits
o Includesimulation for onboarding and virtual visit training with amock, recorded virtual
visit
Websidemanner «  Pay attention to the nonmedical aspects of the interaction (eg, eye contact) to ensurethe Clinician

most favorable patient experience

3HIPAA: Health Insurance Portability and Accountability Act.

Although providers in this study expressed concern about the
scalability of telemedicine beforethe COVID-19 pandemic, the
pandemic reframed thinking about the potential barriers to
telemedicine, such asfinancial concerns about reimbursement,
credentialing and licensing, and medical liability [15]. These
issues have been addressed by government-mandated policies
inthe short term and may have someresidua impact on framing
accessto telemedicine services going forward [15,28-32]. Some
pediatric settings have demonstrated the ability to rapidly scale
telemedicine during COVD-19, devel oping novel mechanisms
to connect with familiesthat ensure privacy [33]. These success
stories offer opportunities for proof of concept demonstrations,
whereby eliminating some of the barriers has paved the way for
infrastructural scaling. This may suggest that some of the
logistical concerns regarding scaling expressed by cliniciansin
the study may be addressed by continued advances in
telemedicine technology, adequate information technology
support, and ongoing relaxation in these other areas.

However, it does not fully address the concerns regarding
logistical issuesfor patients and families and aspects of privacy
that are based not solely on technology but also on how
cliniciansare educated to interact with families viatelemedicine
platforms. Consistent with other studies [34], we demonstrate
that ensuring long-term success with telemedicine will require
an appropriate selection of patientsand education for clinicians
aswell as patients and families. Furthermore, despite the recent
need and swift implementation of telemedicine, this study’s
findings, reflecting a range of specialties and professional
backgrounds, suggest that enduring concernsregarding selecting
themedical conditionsor circumstances for which telemedicine
is appropriate, privacy concerns, and the impact on the
patient—clinician interaction will warrant ongoing attention to
ensure that access is adequately balanced with quality
[15,19,34-36]. Given the rapid expansion of telemedicine
because of the COVID-19 pandemic, recognizing how to address
some of these concerns is critical to ensuring that a broader
range of clinician and patient experiences are optimized.
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Strengthsand Limitations

This study has a number of strengths. All participants were
pediatric clinicians, which provided internal consistency.
Specific issues of relevance to the pediatric visit included the
participation of multiple family members, control of the
technology by someone other than the patient, and the challenge
of managing pediatric comprehension of technology. In addition,
the study was completed before the COV1D-19 pandemic, which
has increased telemedicine use exponentialy. As such, the
clinicians in our study had more control over their early
telemedicine practice and the ability to choose which patients
were the most appropriate for virtual visits. Therefore, the
perspectives of these clinicians provide insight into the
implementation lessons of telemedicine before the COVID-19
pandemic, when scaling and coverage became the priority.

Several limitations of this study should be noted. The study
took place at a single pediatric institution in Massachusetts,
which at the time had some of the more restrictive laws
regarding telemedicine. The reimbursement structure limited
the types of patients and visits that could be performed.
Accordingly, most clinicians were from surgical specialties,
and many of the visits being conducted were postoperative
visits, as these fall under the global charge capture. However,
theintent was not that study findingswould reflect the full range
of practice available by virtual visits but rather inform the
perspectives of participants and future directions. It should be
noted that one of the authors participated in thefirst focus group.
Asthisauthor was not involved in data analysis and there were
similar themes in both focus groups, we are confident that this
did not introduce bias into the discourse. Finally, the focus of
this study was on clinician perspective. Although not specifically
a limitation of the methods, exploring the patient and family
perspective of telemedicine should be an important component
of future studies and can be informed by the themes identified
here. In addition, further investigation with other provider
groups with different types of telemedicine experience would
strengthen the potential for generalizability of the study findings.
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Conclusions of this essential mode of health care delivery. Some medical
school programs have already taken on this challenge [37]. As
one focus group participant noted, “I think that the broader
concept of webside manner should apply to all of us, kind of
like what we do in medical school, PA school, nursing school,
so that would be my hope in terms of future direction.” Future
work may address how such training affectsthe patient—clinician
experience and the ability to further scale telemedicine.

It is likely that a substantial portion of clinical practice will
continue to be performed virtually even after the COVID-19
pandemic. The findings of this study suggest that telemedicine
curricula, including instruction on webside manner skills, should
beincorporated into medical training. Integration of thistraining
for al programswill be crucial to the efficacy and sustainability
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Abstract

Background: Exposureto life-threatening drug-drug interactions (DDIs) occurs despite the widespread use of clinical decision
support. The DDI between warfarin and nonsteroidal anti-inflammatory drugsis common and potentialy life-threatening. Patients
can play a substantial role in preventing harm from DDIs; however, the current model for DDI decision-making is clinician
centric.

Objective: This study aims to design and study the usability of DDInteract, a tool to support shared decision-making (SDM)
between a patient and provider for the DDI between warfarin and nonsteroidal anti-inflammatory drugs.

Methods: We used an SDM framework and user-centered design methods to guide the design and usability of DDInteract—an
SDM electronic health record app to prevent harm from clinically significant DDIs. The design involved iterative prototypes,
qualitative feedback from stakeholders, and a heuristic evaluation. The usability evaluation included patients and clinicians.
Patients participated in asimulated SDM discussion using clinical vignettes. Clinicians were asked to complete eight tasks using
DDlInteract and to assess the tool using a survey adapted from the System Usability Scale.

Results. The designed DDInteract prototype includes the following features: a patient-specific risk profile, dynamic risk icon
array, patient education section, and treatment decision tree. A total of 4 patients and 11 clinicians participated in the usability
study. After an SDM session where patients and cliniciansreview thetool concurrently, patients generally favored pain treatments
with less risk of gastrointestinal bleeding. Clinicians successfully completed the tasks with a mean of 144 (SD 74) seconds and
rated the usability of DDInteract as 4.32 (SD 0.52) of 5.

Conclusions; This study expands the use of SDM to DDIs. The next steps are to determine if DDInteract can improve shared
decision-making quality and to implement it across health systems using interoperabl e technol ogy.

(JMIR Hum Factors 2021;8(4):€28618) doi:10.2196/28618
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Introduction

Background

Drug-drug interactions (DDIs) are preventable adverse events
that are responsible for 5% to 14% of adverse drug reactionsin
patients that are hospitalized [1,2], are a major risk factor for
hospitalization [3], and occur in up to 13% of older adult
ambulatory patients [4-6]. Exposure to life-threatening DDIs
occurs despite the widespread use of clinical decision support.
Alarmingly, up to 24% of patients on warfarin receive a
prescription for anonsteroidal anti-inflammatory drug (NSAID),
which increases the risk of gastrointestinal bleeding up to
twofold [7,8].

Most electronic health records (EHRs) implement DDI clinical
decision support functionality with underlying logic provided
by drug knowledge base vendors, but DDI alerts continue to be
overridden at rates as high as 90% [9-11]. The current model
for DDI decision-making is highly clinician-centric in spite of
the fact that patients can play a substantial role in preventing
potential harm dueto DDIs. Studiesthat have explored different
clinical decision support for DDIs [12,13] indicate that
interactive decision dashboards have the potential to foster
informed decision-making by patients[13]. These decision aids
allow patients and clinicians to deliberate together about the
advantages and disadvantages of different therapies and arrive
at decisionsthat are concordant with the best available evidence,
clinician knowledge, and patient preferences[14,15].

Reese et a

Accordingly, the overarching goal of thisstudy isto incorporate
patient-centered shared decision-making (SDM) for addressing
DDIs, an advance from clinician-centric decision-making
models. SDM isaconversation where patients share their values
and preferencesto choose atreatment that alignswith their goals
[16,17]. Electronic decision aids can support this conversation,
however, SDM is uncharted in the DDI domain [18].

Objectives
The purpose of this study was to design and evaluate the

usability of DDlInteract, an SDM tool for the warfarin and
NSAID DDI.

Methods

Overview

The design and usability assessment of DDInteract was guided
by user-centered design principlesand an SDM framework. The
user-centered process included iterative and overlapping steps
of prototyping (ie, low fidelity, stable, and high fidelity),
stakeholder feedback, and usability heuristics and testing
[19-24]. The SDM framework consists of five steps: (1) seek
your patient’s participation, (2) help your patient explore and
compare treatment options, (3) assess your patient’s values and
preferences, (4) reach a decision with your patient, and (5)
evaluate your patient’s decision [25]. Figure 1 depicts a
summary of the design and usability process. This study was
approved by the University of Utah Institutional Review Board.

Figure 1. Summary of the design and usability process for DDInteract. IPDAS: International Patient Decision Aid Standards Collaboration.

Design

Design

The design team consisted of multidisciplinary expertsin DDIs,
clinical decision support, patient and provider communication,
SDM, and pharmacotherapy outcomes. The process began with
an artifact appraisal of SDM tools, DDI alerts, and clinical
practice material s relevant to anticoagulants. Information from
thisappraisal was used to sketch low-fidelity feature prototypes,
which were reviewed and discussed with the design team in
weekly meetings. Features and functionality deemed important
by the design team were retained for future iterations. Features
were linked to the SDM steps and checklist items from the
International Patient Decision Aid Standards Collaboration [26].
Once the design team coal esced on preliminary feature designs,
these were combined into aninitial protype of the compl ete user
interface using Adobe XD (Adobe Inc).

Target users (ie, 2 physicians and 1 pharmacist) were
individually shown theinitial complete user interface prototype
and asked to provide feedback on the usefulness, aesthetics,
proposed functionality, and content. Several iterations were
made in collaboration with these target users until no substantial
feedback was provided. At this point the prototype was

https://humanfactors.jmir.org/2021/4/e28618
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Usability

and usability

considered stable enough for aheuristic evaluation. The heuristic
evaluation was based on knowledge of Nielsen's 10 Usability
Heuristicsfor User Interface Design [27,28] and was performed
by two expertswith training and experience in human-centered
design, psychology, and medical informatics. The goal of the
heuristic evaluation was to identify design flaws that could be
addressed prior to conducting resource-intensive testing. Specific
feedback regarding design that might impede users’ goalswere
noted and shared in a team meeting aong with a discussion of
potential solutionsfor each flaw. Once the stable prototype was
modified to address findings from the heuristic evaluation, it
was considered high fidelity and ready for usability testing.
Usability

Usability assessments consisted of two parts: (1) patient
interviews with simulated clinic visits and (2) clinician task
performance assessments and usability surveys. DDInteract was
designed to be used by clinicians at the point of care. Since
patients would not use DDInteract without a clinician present,

we did not test task completion success and efficiency with
patients.
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Patients

Patient participants were recruited from the anticoagulation
service at the University of Utah. Participants were required to
be on warfarin for achronic condition such asatrial fibrillation.
The perceived usability and usefulness of DDInteract was
assessed with participants individually through two simulated
clinical scenarios and a semistructured interview. Participants
weregiven two short clinical vignettesto read before the session
(Multimedia Appendix 1, Table S1). The decision associated
with each vignette was whether to start an NSAID for pain. The
vignettes were designed to test the range of responses based on
a patient’s risk (ie, high risk and low risk) of gastrointestinal
bleeding. In the high-risk vignette, the patient had multiple risk
factorsfor gastrointestinal bleeding including age older than 65
years, use of an antidepressant, and history of agastrointestinal
bleeding. In the low-risk vignette, warfarin was the only risk
factor. Participants simulated SDM based on the clinical
vignettes with a provider (author KM). Following the clinical
scenarios, patients were asked questions pertaining to aspects
of DDInteract, the use of DDInteract for SDM, and the utility
of SDM for DDIs. The interviews were conducted online with

Reese et a

audio and screen recording. The audio was transcribed and
coded into general topics.

Clinicians

Physicians and pharmacists with anticoagulation therapy
experience were recruited by snowball sampling. The
overarching goal of the clinician usability assessment was to
obtain objective and subjective data on the use of DDInteract.
Participants were asked to complete a task performance
assessment and a perceived usefulness survey. Participant
characteristics were collected as part of the survey. Linksto the
instructional video, task performance assessment, and survey
were emailed to participants. Theinstructional video was a brief
introduction to DDInteract. The task performance assessment
wasweb-based and recorded the participant’s screen. The survey
was based on the System Usability Scale and included afree-text
section for feedback [29,30]. Tasks consisted of eight key
navigation and functionality tasks (Table 1). Performance was
measured by task completion rates and the time to complete
each task. After atask was completed, the app reset to the home
screen. Thetime was measured from when the home screen was
displayed to when the task was compl eted.

Table 1. Clinician task prompts and actions performed that result in successful completion.

Tasks

Success

1. Your patient has questions about what a gastrointestinal bleed is.
Please navigate to patient education about agastrointestinal bleeding.

2. With previous patients, you have found it confusing for them to
understand the drug class NSAIDs?. Please find the picture of mul-
tiple NSAIDs to illustrate how not only ibuprofen isan NSAID.

3. Your patient informed you that they stopped taking fluoxetine.
Please remove fluoxetine (Prozac) asarisk factor to show how their
risk has changed.

4. Assume your patient would like to take a medication then click
the button to view medication options.

5. Your patient has decided to try non-NSAID medication options.
Please select acetaminophen (Tylenol) and lidocaine (Lidoderm).

Navigating to and clicking on the drop-down arrow for “What is agastrointestina
(Stomach) bleed?’

Navigating through the “What is a drug-drug interaction” drop-down and
clicking on the “NSAID” hyperlink

In the patient Risk Profile section, the toggle for “On Selective Serotonin Reup-
take Inhibitor” was preconfigured in the on position. The successful action was
clicking the toggle off.

Navigating to the decision tree questions and clicking on the“Medication” button

Navigating to the second question of the decision tree and clicking “ Other
medications’ then selecting “acetaminophen (Tylenol) 500mg” and “lidocaine

(Lidoderm) 5% patch”

6. Your patient believes NSAIDs help the most with pain but would
like to reduce their risk. Please select the oral NSAID option with
the least gastrointestinal bleed risk. Then select that a stomach acid
reducer is not needed.

7. Your patient insists on taking medications only once per day.
Please select the oral NSAID option with the most risk and add es-
omeprazole (Nexium).

8. Please place any order in the queue for one of the treatment op-
tions.

Navigating to the second question of the decision tree and clicking on “Oral
NSAID” then selecting “ celecoxib”

Navigating to the second question of the decision tree and clicking on “Oral
NSAID” and selecting “meloxicam.” Then clicking on “ Stomach acid reducer”
and selecting “esomeprazole”

Navigating through the decision tree and clicking “Accept”

3NSAID: nonsteroidal anti-inflammatory drug.

Results

Design

Although DDIs are anovel application for SDM, we did assess
several relevant electronic decision aids such as those used for
cardiovascular and diabetes management [31]. We compared a
variety of relevant decision aids to the SDM steps and the
International Patient Decision Aid Standards checklist [26].
Generally, decision aids lacked features to elicit patient values

https://humanfactors.jmir.org/2021/4/e28618

and preferences. Additionally, decision aids varied on the
content provided to make treatment decisions including price,
effectiveness, and side effects of treatment [32].

Several features from relevant decision aids were adapted to
the DDI use case. Featuresincluded theicon array, personalized
risk, and ability to simulate risk based on patient factors and
treatments. Features and functionality evolved through multiple
iterations. For example, icon arrays have shown promise in
communicating risk to patients and clinicians [33-35]. Figure
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2 depicts how theicon array changed over two iterations. Icon
array features were based on findings from the literature and
expert feedback [36,37]. Once features such as the icon array
were acceptable from the design team’s perspective, they were
adapted and placed into the complete user interface (ie, stable
prototype). Figure 3 depicts the stable prototype used for the
heuristic evaluation. Overall, 2 major, 13 moderate, and 14

Reese et al

minor issues were identified. One of the two major issues was
associated with the number four in Figure 3. The evaluators
thought that users may not correctly interpret “ Substitute” and
“Add” when selecting treatment options. In response, we
removed the order entry context, which will avoid a user from
referencing the warfarin or NSAID order in process.

Figure 2. Icon array evolution, from left to right, through two iterations. NSAID: nonsteroidal anti-inflammatory drug.
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The DDInteract prototype used for evaluating usability consisted
of four sections. Thefirst section inthetop left corner of Figure
4 isapatient-specific risk profile. Substantiated risk factorsfor
gastrointestinal bleeding are listed and stratified by risk and
supporting evidence. When patient-specific risk factors are
pulled from the EHR, the toggle is on (ie, blue). Toggles can
be manually changed to account for data not in the EHR or for
clinicians to test different scenarios such as adding an
antidepressant. The second section in the bottom left is a
dynamicrisk icon array. Theicon array changeswith risk factors
and treatment options. Absolute numeric risk is provided along
the visualization. The third section on the bottom of Figure 4
provides patient education and supporting evidence. Succinct
and image-oriented patient education is provided for DDIsand

Reese et a

gastrointestinal bleeding. Since risk factors and estimates are
evidence based, information is provided on how these aspects
were derived. The fourth section is a decision tree with three
questions that help structure the conversation and support
treatment decision-making. The questions were created and
validated by clinicians with the aim to streamline the SDM
process in the context of patient care appointments. Question
attributes were designed to elicit patient values and preferences
associated with bleeding risk and pain treatment. Unobtrusive
nudges to reduce risk were used through prepopulated NSAID
dosing and default proton pump inhibitor (PPI) selection when
an NSAID is chosen. Findly, functionality for generating
documentation of the SDM discussion was provided.

Figure 4. Final DDInteract high-fidelity prototype used in the usability study along with feature description. NSAID: nonsteroidal anti-inflammatory
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Usability
Patients

All 4 participantswere aged 65-85 years and had taken warfarin
for morethan 5 years. A provider (KM) and afacilitator (author
TJR) interviewed each patient for approximately 1 hour. For
the high-risk vignette (patient with multiple risk factors), all
participants chose a combination of nonmedication treatment
(eg, physica therapy) and acetaminophen. For the low-risk
scenario (patient with minimal risk factors), most participants
chose a short course of celecoxib or ibuprofen, with a PPI.

Although participant knowledge about the warfarin-NSAID
DDI varied, all participants appreciated the ability to see
DDlInteract while the provider discussed risk and treatment
options. One participant stated:

If | wasn't able to see the [treatment] options, |
wouldn’t know what to ask

https://humanfactors.jmir.org/2021/4/e28618

nonsteroidal anti-inflammatory drugs, and gastrointes-
tinal bleeding. Education designed to be completed at

Furthermore, participants felt empowered to participate in
making decisionsthat aligned with their preferences by referring
to the decision aid during discussion:

| personally don’t like taking medications and want
two avoid taking more. It looks like | can try other
ways to relieve my pain and | would prefer trying
those

Participants wanted to have access to the decision aid or a

printout, outside the encounter, to review what was discussed
and decided. One participant stated:

| usually forget what we [ patient and provider] talk
about during the appointment, so | would go to my
After Visit Summary to review what we talked about.

Most participants believed SDM was novel and different from
past decision-making experiences with providers:

Doctors usually make decisions like these for me.
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Two patientswere unawarethat the NSAID classincluded more
than ibuprofen. Generally, participants valued SDM and using
DDInteract with the provider. Furthermore, participants
preferred to avoid additional medications and wanted to reduce
the risk of gastrointestinal bleeding as much as possible.

Clinicians
A total of 11 clinicians participated in the usability evaluation

(Table 2). Of the 11 participants, 3 stopped the task study after
the first task. Of those 3 participants, 2 were pulled to clinical

Table 2. Participant characteristics for the usability evaluation.

Reese et a

duties. The other participant failed to complete the second task
and chose to stop the study rather than skipping the task. Of the
8 participants who completed the study, all were successful on
each task. The mean time to complete eight tasks was 144 (SD
74) seconds. Table 3 delineates the task prompt and the mean
timefor completion. Screen capture was used to determine how
participants navigated through thetool. A total of 11 participants
completed the usability and satisfaction survey, with an overall
mean rating of 4.32 (SD 0.52) of 5. Table 4 delineates mean
ratings for each survey item.

Participants, Specialty (n participants Participant years of experience, n  Participant clinical percent effort, Self-assessed expe-
n in each group) n rience with war-
farin from O to
100, mean (range)
<5 6-10 11-15 >16 <21 21-40 61-80 >80
Physicians 7 Family medicine (4), 2 2 2 1 0 2 3 2 67 (29-88)
emergency/critical care
(2), hematology (1)
Pharmacists 4 Anticoagulation/ambula- 0 0 2 2 1 0 1 2 93 (87-100)

tory care (3), general (1)

Table 3. Mean and SD for task time in seconds across usability participants (n=8).

Tasks

Mean time in seconds (SD)

1. Your patient has questions about what a gastrointestinal bleed is. Please navigate to patient education about a

gastrointestinal bleeding.

2. With previous patients, you have found it confusing for them to understand the drug class NSAIDs? Please find

39 (48)

42 (34)

the picture of multiple NSAIDs to illustrate how not only ibuprofen isan NSAID.

3. Your patient informed you that they stopped taking fluoxetine. Please remove fluoxetine (Prozac) asarisk factor

to show how their risk has changed.

4. Assume your patient would like to take a medication then click the button to view medication options.

5. Your patient has decided to try non-NSAID medication options. Please select acetaminophen (Tylenol) and li-

docaine (Lidoderm).

6. Your patient believes NSAIDs help the most with pain but would like to reduce their risk. Please select the oral

2(1)

34
30 (48)

32(35)

NSAID option with the least gastrointestinal bleed risk. Then select that a stomach acid reducer is not needed.

7. Your patient insists on taking medications only once per day. Please select the oral NSAID option with the most

risk and add esomeprazole (Nexium).

8. Please place any order in the queue for one of the treatment options.

13 (4)

15 (10)

3NSAID: nonsteroidal anti-inflammatory drug.

Table 4. Clinician usability survey items and responses (n=11). Responses were on a1 to 5 Likert scale where 1 is strongly disagree and 5 is strongly

agree.
Survey items Mean (SD)
| found the decision tool to be logical. 4.36 (0.67)
| found the decision tool to be efficient. 4.18 (0.75)
The decision tool was effective in the decision-making process. 4.36 (0.67)
The shared decision-making was valuable. 4.27 (0.79)
The decision tool was valuable. 4.36 (0.67)
| thought the decision tool was easy to use. 4.27 (0.65)
| enjoyed the experience. 4.36 (0.81)
| learned something new from this experience. 4.36 (0.67)
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Clinician participants provided a variety of comments on the
purpose and usefulness of DDInteract after completing the
survey. Two participants thought the app would be helpful for
patient education:

| think half the time they [patients] just think we're
[clinicians] being mean by telling themthey shouldn’t
take their NSAIDs. And the visual for how that can
be mitigated is great. | actually think that the
educational section of thetool would be hel pful when
we're doing new educations for warfarin/DOACs
[direct oral anticoagulants] even if we're not doing
a shared decision-making type thing.
Have you considered using this as a tool not just in
the clinical setting but in the medical education
setting?

Two participants had questions on where and when the app

would be used:

Isthisan app that will be on the provider’s phone or
the intention is for the patient to download this app
and fill it out themselves? Or will this be a website
that is pulled up during an office visit where both
parties are present in the room?

I'mnot completely clear on the exact clinical situation
in which thistool would be used and the point in the
wor kflow in which that would happen.

One participant thought the tool could be expanded with a
general guide on interpreting risk of gastrointestinal bleeding:

| know it is individualized, but | like how there are
some general guidelines with the HAS-BLED score.
It would be nice to have something similar. Also, at
what riskisa PPI strongly recommended.

Finally, participants thought the dynamic risk cal culation would
be afeature they would return to the tool to use. The ahility to
toggle between risk factors and treatment options helped to
quantify risk and explore different treatment options. Generaly,
participants believed DDInteract was easy to use and would
support SDM.

Prototype Changes

Key changes were made in response to the patient interviews.
Changes included expanding nonmedication and non-NSAID
treatment options, adding functionality for selecting more than
one non-NSAID treatment (eg, physica therapy and
acetaminophen), and creating a printable handout and an after
visit summary that patients can access outside the encounter.
Based on the duration to complete certain tasks and how
clinicians navigated through DDInteract, we made feature
changes regarding tasks one and two (Table 3). The
modifications included enabling the user to see the entire app
without scrolling to the drop-down items for patient education
and automatically displaying the images.

https://humanfactors.jmir.org/2021/4/e28618
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Discussion

Principal Findings

Thisstudy designed and assessed the usability of atool for SODM
with DDIs (Figure 4). Overdl, it appears that SDM can be
enhanced by using a tool that displays risks of harm and
alternatives. The process of designing DDInteract wasrigorous,
applying user-centered design principles through iterative
prototyping (Figure 2). Target users found DDInteract easy to
useand believed it could be useful for supporting SDM (Tables
3 and 4). Given that DDI clinical decision support has been
traditionally clinician centric, this study may contribute to a
major shift in the way certain medication aerts are devel oped
and used. Through the process designing and evaluating
DDlInteract with clinicians and patients, lessons were learned
regarding patient decision-making and their understanding of
the warfarin-NSAID DDI. Furthermore, lessons were learned
from clinicians about when in the workflow DDI alerts are
addressed and implementing SDM in routine patient care.

Not all DDIs are amenable to SDM, and clinicians should use
their judgement before opening adiscussion about certain DDIs.
Although patients appreciated discussing the warfarin-NSAID
DDI with the provider, only the low-risk scenario seemed to be
relevant. Certain high-risk DDIs should be avoided without
SDM. Additionally, although these patients had been on warfarin
for multiple years, knowledge about DDIs and treating pain
whiletaking warfarin was limited. Thisalignswith what others
have found on patient knowledge about anticoagulant therapy
[38,39]. Knowledge about which medications are NSAIDs and
symptoms of bleeding should not be assumed despite experience
with warfarin. Regardless of the decision to avoid an NSAID,
patient education about the DDI is needed. Finaly, patients
mentioned that after previous provider encountersit was difficult
to recall information about treatment decisions. Consideration
for alowing patients to reference the tool after an encounter
may help with comprehension and adhering to decisions,
however, DDInteract and other similar tools would need to be
adapted to and tested with patients to understand
decision-making without provider assistance.

Clinicians had questions about when and how DDInteract would
be used. Medication prescribing often occurs at the end of an
encounter without the patient. If DDInteract wastriggered when
an NSAID is ordered, the patient might not be available for
discussion. Opportunities to use an SDM tool for DDIs earlier
in the workflow may be needed. For example, triggering
DDl nteract for a patient who is having pain or starting warfarin
areadditional use cases. Triggering on pain isespecialy relevant
for patients on warfarin due to frequent use of over-the-counter
NSAIDs. Although DDInteract was designed to mitigate risk
associated with DD, clinicians requested decision support for
other aspects of anticoagulant therapy, such as deciding to start
an anticoagulant or which anticoagulant to use. To achieve broad
uptake of SDM for DDIs, the scope of DDInteract may need to
be expanded to other decision-making and clinician workflow
opportunities.
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Future Research

The next step isto conduct aformative eval uation of DDInteract
to understand how it impacts measures of decision-making,
satisfaction, and clinician workflow. To maximize dissemination
and enable integration with EHR systems, we have devel oped
aninteroperable DDInteract app using emerging clinical decision
support standardsincluding Clinical Quality Language, Clinical
Decision Support Hooks, and SMART on Fast Healthcare
Interoperability Resources (FHIR) [40]. A SMART on FHIR
prototype of DDInteract is available on Logica Sandbox, and
we have successfully implemented DDInteract in an EHR test
environment at the University of Utah. Further research is
needed to understand how SDM with DDIs can be integrated
with overarching decisions surrounding anticoagulant therapy.
Finally, research is needed to explore how decision aidsin the

Reese et a

Conclusion

This study describes the design and usability testing of
DDInteract. The findings contribute to knowledge about
implementing SDM in routine patient care and expand the use
of SDM to DDIs. A multidisciplinary design team collaborated
with patients, clinicians, and health information technology
experts to design a tool that provides a patient-specific risk
calculation, elicits patient preferences, and guides both the
patient and clinician to adecision. The rigorous design process
resulted in a usable and potentialy useful tool. Through the
design process and usability testing, key lessons were learned
from the patient and clinician perspectives. The next step isto
evaluate the utility of DDInteract in a clinical setting, and if
successful, to implement it across EHRS using interoperable
technology.

EHR can be adapted to clinical workflows to enable SDM in
routine patient care.
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Abstract

Background: Numerous publications show that electronic medical records (EMRs) may make an important contribution to
increasing the quality of care. There are indications that particularly the medical specialist plays an important role in the use of
EMRsin hospitals.

Objective: Theaim of this study was to examine how, and by which aspects, the relationship between EMR use and the quality
of carein hospitalsis influenced according to medical specialists.

Methods: To answer this question, a qualitative study was conducted in the period of August-October 2018. Semistructured
interviews of around 90 min were conducted with 11 medical specialists from 11 different Dutch hospitals. For analysis of the
answers, we used a previously published taxonomy of factors that can influence the use of EMRs.

Results: The professional experience of the participating medical specialistsvaried between 5 and 27 years. Using the previously
published taxonomy, these medical specialists considered technical barriers the most significant for EMR use. The suboptimal
change processes surrounding implementation were also perceived as a major barrier. A final major problem is related to the
categories “social” (their relationships with the patients and fellow care providers), “psychological” (based on their personal
issues, knowledge, and perceptions), and “time” (the time required to select, implement, and learn how to use EMR systems and
subsequently enter datainto the system). However, the medical specialistsalso identified potential technical facilitators, particularly
in the assured availability of information to all health care professionals involved in the care of a patient. They see promise in
using EMRs for medical decision support to improve the quality of care but consider these possibilities currently lacking.

Conclusions: The 11 medical specialists shared positive experiences with EMR use when comparing it to formerly used paper
records. The fact that involved health care professionals can access patient data at any time they need is considered important.
However, in practice, potential quality improvement lags as long as decision support cannot be applied because of the lack of a
fully coded patient record.

(JMIR Hum Factors 2021;8(4):€27671) doi:10.2196/27671
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Introduction

In modern-day hospitals, IT is present in many forms. Among
these are information systems, networks, databases, and
websites. An electronic medical record (EMR) comprehensively
includes all information to support medical diagnosis and
treatment within the same institution or health system. EMR
use generally aludesto thetransition of information to adigital
form, that is, aform that can be used by electronic devices, such
as computers. Various authors agree that EMRSs can make an
important contribution to increasing the quality of care [1,2].
However, how are EMR use and the quality of medical care
related in a hospital context?

In previous studies, the two authors (RvP and KR) of this paper
attempted to establish links between the extent of EMR use and
the quality of medical care[3-5]. In those previous quantitative
studies, they used a specially developed tool to measure the
degree of EMR use in Dutch hospitals. This 8-stage (0-7)
measurement tool, the so-caled EMR Adoption Model
(EMRAM) from the Healthcare Information and Management
Systems Society (HIMSS) measures the adoption and use of
EMR functions. EMRAM incorporates algorithms to score
hospitals relative to their EMR capabilities and aims to
encourage hospitals to use EMRs at a higher stage [6]. The
HIMSS is a US not-for-profit organization dedicated to
improving health care in its quality, safety, cost-effectiveness,
and accessthrough the best use of IT and management systems.
It was founded in 1961 as the Hospital Management Systems
Society. It is now headquartered in Chicago, IL, USA. The
society has more than 80,000 individuals, 480 provider
organizations, 470 nonprofit partners, and 650 health services
organizations (as of December 2019). The HIMSS definition
of an environment with a complete EMR (stage 7) is “an
environment that is composed of the clinical data repository,
clinical decision support, controlled medical vocabulary, order
entry, computerized practitioner order entry, and clinical and
physician documentation applications’ [7]. Ultimately, the
model should lead to the use of EMR systems so that the hospital
no longer uses paper charts. The findings of the quantitative
analysisin the previous studies [3-5] show that Dutch hospitals
in 2014 particularly struggled with electronic nursing
documentation. In 2012-2014, 37.5% of Dutch hospitals were
unable to upload this information to the EMRs. Once this
challenge is met, the next challenge for Dutch hospitals will be
to equip the EMRs with closed loop medication administration
(CLMA) and an advanced clinical decision support system
(CDSS). The CLMA is a fully electronic medication
management process in which all relevant information is
seamlessly documented. All the steps in the medication cycle
(ordering, verifying, preparing, and administering) are supported
electronically with decision support, where relevant. A CDSS
isan application that analyzes datato help health care providers
make decisions and improve patient care. A CDSS focuses on
using knowledge management to obtain clinical advice based
on multiple factors of patient-related data. It enables integrated
workflows, provides assistance at the time of care, and offers
care plan recommendations.

https://humanfactors.jmir.org/2021/4/e27671
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A 2015 study [4] tried to find acorrelation between the EMRAM
scoreand Elsevier performanceindicators. Thisyearly Elsevier
publication is a Dutch nationwide publication of quality
indicatorsfor hospitals. No statistically significant correlations
were found.

In the 2017 study [5], a positive association between the use of
EMRs and patient quality outcomes was found for the length
of stay (LOS, the duration of asingle episode of hospitalization)
for patients with colorectal cancer in Dutch hospitals, as
measured by the Dutch Surgical Colorectal Audit (DSCA).

Inathird study (2018, not yet published, available from thefirst
author [RvP]), we did not find a significant relationship between
the EMRAM score and the number of patients with adverse
events (AEs), preventable AEs, AEs caused by medication,
number of re-admissions (RAS), and the LOS, as measured in
the NIVEL study [8]. Our research team did not understand
why abetter EMRAM score does not lead to a better quality of
care. We believed that two intervening aspects play arole: the
implementation processitself and therole of medical specialists.
We believed so because of several publications on both aspects.

Thefirst of these is a paper written by Adler-Milstein et al [9],
which emphasizes the importance of theimplementation process
of more mature IT systems for reaching higher quality. Recent
studies suggest that unsuccessful implementation of EMR
systems could be due to poorly designed EMR systems, poor
use of EMRs by clinicians, or social organizational aspects,
such as goal conflicts, lack of time, or lack of support from
colleagues [10]. The second factor is the role of the medical
specialist [11,12]. Previous studies show this is an important
factor in the adoption and use [6] of EMR systemsin hospitals.
Medical specialistsare amain frontline group of users of EMR
systems. In addition, whether they support and effectively use
EMR systemsgrestly influences other user groupsin the medical
institution, such as nurses, pharmacists, and administrative staff.
To optimize EMR use, it is therefore essential to understand
what physicians perceive to be key aspects that either support
or hinder the use of EMR systems, which can positively impact
medical treatment and care. To substantiate our ideas about not
finding a relationship between the EMRAM score and the
quality of care, we undertook this study with the following open
research question:

Which positive or negative aspects influence the
relationship between EMR use and the quality of
medical care according to medical specialists?

In this paper, theterm “EMR” can concern the data themselves,
the accompanying procedures, or a fundamental change in
method (so-called digital transformation).

Methods

Design and M ethodology

To answer the research question, a qualitative research study
was performed. A qualitative design was considered appropriate
for this question, as the primary objective was to explore more
in-depth perceptions of factors and processes related to amore
complex system, including social and technical components
[13].
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The development of EMR usein 73 Dutch hospitalsin the period
of 2012-2015 was measured using the EMRAM score[14]. The
hospitals that were measured twice in the research period and
did not work with nursing documentation in EMRs or with the

Table 1. Summary of participating hospitals based on the EMRAM? score,

van Poelgeest et d

CLMA and advanced CDSS were asked to participate in a
follow-up study (Table 1). Two hospitals achieved a higher
stage onthe EMRAM score, eight hospitals stayed on the same
level, and one did not respond (Table 1).

Participant number ~ Type of hospital

Nursing documentation and CLM A%advanced  Nursing documentation and CLMA/advanced
CDSS® in EMRsY in 2012-2014

CDSSin EMRsin 2018

1 umce No
2 umcC No
3 Teaching hospital No
4 Teaching hospital No
5 Teaching hospital No
6 Teaching hospital No
7 Local hospital No
8 Loca hospital No
9 Local hospital No
10 Loca hospital No
11 Local hospital No

No

Yes
No
No

N/AS
No
No
No
No
No

Yes

3EMRAM: Electronic Medical Record Adoption Model.
BCLMA: closed loop medication administration.
°CDSS: clinical decision support system.

9EMR: electronic medical record.

€UMC: University Medical Centre.

N/A: not available.

The hospitals were approached through the chairs of their
medical staff and were asked to nominate a medical specialist
each to participate in this study. To be eligible, the medical
specialists were required to have worked for more than 5 years
in the hospital in question. Overall, the selection of participants
was geared toward a balanced mix of different specialties
(surgical, nonsurgical, small specialty).

In the period of August-October 2018, a semistructured
interview of about 90 min was conducted with each medical
specialist selected. The abovementioned research question was
at the core of theinterview. Anitemlist (available from thefirst
author [RvP]) was used by the interviewer to help the
participants focus on relevant experiences in case the
conversation halted. We only asked questions about aspectsthe
medical specialists were personally dealing with; we were not
interested in second-hand accounts.

https://humanfactors.jmir.org/2021/4/e27671

For analysis of the answers, we used the classification of aspects
that can influence the implementation of EMR systems based
on thetaxonomy of Boonstraet a [15]. Thissystematic literature
review was carried out to identify all the barriers that result in
physicians showing resistance toward EMR systems. Table 2
shows the highlights of this taxonomy model.

We used this taxonomy for the same aspects in a neutra
connotation, as the same taxonomy can be followed when
categorizing aspects (quotes) as facilitators of EMR use. All
authors participated in the allocation of quotes from the
interviewsto acategory of the described taxonomy, with initial
allocation by thefirst author (RvP) and validation by the second
and third authors (AJPS and AB). The resultswere recorded in
a Microsoft Excel file, which is available upon request from
the first author (RvP). Based on this classification and the
primary interview recordings, the authors reached a consensus
about the best way to allocate quotes to the categories of the
taxonomy. All authors agreed with thefina alocation of quotes.
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Table2. Summary of categories.
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Quote category Description

Technical The technical aspects of the systems, the technical capabilities of the physicians and the suppliers

Psychological Concerns regarding the use of EMRs? that are based on the medical specialists’ personal issues, knowl-
edge, and perceptions

Social Relationshipswith the patients and fellow care providers but also with suppliers, insurers, and politicians

Time Timerequired to select, implement, and learn how to use EMR systems and subsequently enter datainto
the system

Finance Financial issues, including those related to monetary issues in implementing EMR systems

Lega Privacy or security concerns regarding patients' medical information

Organization Organizational characteristics, such as size and type of individual practices

Change process The influence of the organizational culture, incentives, community-level participation, and leadership

3EMR: electronic medical record.

Ethics Approval and Consent to Participate

As this study did not involve research on human subjects, no
medical ethical committee approval was required under Dutch
law. Neither the Dutch Medical Research Involving Human
Subjects Act (Wet Medisch-Wetenschappelijk Onderzoek met
Mensen [WMQ]) nor the university required ethics approval
for the type of work conducted in thisresearch. All participants
orally and voluntarily agreed to participate in this study. They
allowed usto use the datathey provided, including quotes, under
the condition of confidentiality. All participants agreed with
the final report of their interviews. All participating hospitals,

Table 3. Summary of participating hospitals and medical specialists.

medical specialists, and used quotes in the manuscript were
anonymized. No written permission was needed in this case.

Results

Participating Hospitals and Medical Specialists

In al, 11 hospitals (Table 3) agreed to participate in this
qualitative study, while 3 hospitals (1 regional and 2 teaching
hospitals) were unwilling or unable to participate. Each
participating hospital hominated 1 medical specialist to be
interviewed, representing 10 different specialties and between
5 and 27 years of experience in their current hospital. Six of
them were (former) chairs of medical staff.

Type of hospital Number of Number of spe- Type of specidist (n) Age (years) Gender (n) Number of years of
hospitals(n)  cidlists(n) experiencein hospital
UMC2 2 732-1050 Internist (1) 43-57 Female (1) 10-13
Anesthetist (2) Mae (1)
Teaching hospital 4 240-377 Rheumatol ogist (3) 49-62 Male (2) 11-23
Radiologist (4) Female (2)
Internist (5)
Surgeon (6)
Loca hospital 5 70-187 Pediatric neurologist (7) 42-59 Male (5) 5-27
Vascular surgeon (8)
Gynecologist (9)
Cardiologist (10)
Pharmacist (11)

3JMC: University Medical Centre.

In total, the participants made 160 observations regarding
aspects that influence the relationship between the extent of
EMR use and the quality of care: 122 observations were
characterized as barriers and 38 as facilitators. First, we will
discuss the technical aspects that are mentioned most often.
Next, we will discuss the other aspects of EMRs that influence
the quality of care. Not every aspect of the taxonomy was used,
because some aspects were not mentioned during theinterviews.
The legal aspect, related to information safety, was not
mentioned in any of the interviews. The organizational aspect

https://humanfactors.jmir.org/2021/4/e27671

(type and size of the hospital) could not be addressed in the
analysis because it was not part of the design of the study and
was out of scope for individual participants. As explained in
the Methods section, the change process aspect is of particular
interest from a systems perspective, and it will be treated last
to reflect on possible future devel opments.

The participating hospitals included two academic hospitals,
four teaching hospitals, and five local hospitals (see also Tables
1 and 3). However, based on hospital type, no difference was
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found between participants observations. The availability of
nursing documentation and of the CLMA and advanced CDSS
in the hospital concerned did not lead to differences (see also
Tables 1 and 3) in the experiences of the medical specialists.

Technical Aspects

During the interviews, technical aspects were the category all
medical specialists choseto talk about first. It therefore seems
like medical specialists consider technical aspects the most
important factor influencing EMR use in hospitals. To provide
moreinsight, therelated tablesinclude a subdivision of technical
aspects, followed by quotes from participantsto illustrate what

Table 4. Customizability: illustrative quotes from participants.

van Poelgeest et d

the more abstract terms of the model mean. A complete list of
all quotesis available from the first author (RvP).

Customizability

Customizability isthe ability of thetechnology system to adapt
to specific needs of the user. Within the technical aspects
category, customizability (Table 4) was mentioned most often,
more often as a barrier than as a facilitator. The medica
specialists compared EMR systems in the hospita with
intelligent systems that can be used at home to buy a book or
book a trip. It seems as though an administrative system has
simply been converted to amedical system.

Quote type Quote
Barrier «  “Notintuitive. Terrible user interface. Unpleasant system, it clearly hasn’t been primarily designed for doctors and
paramedics. An originally administrative system that has been reshaped into a medical system.” (Participant 2)
o “ltisdigital, but that about saysit all. Leaves much to be desired.” (Participant 9)
«  “We can seethe added value, but these systems are shoddy. Not intuitive.” (Participant 8)
«  “Preoperative polio. Supplementary lab research takes 1-2 days. If you want to change policy based on the results,
the EMR system shows that this is impossible because the patient has not been hospitalized but is not present at the
outpatient clinic either.” (Participant 2)
Facilitator « “Innumerable positive points; accessible everywhere, even at home. No more illegible notes” (Participant 10)

«  “Back in the day, the paper records often got lost. Lab results are available more quickly now, and the medical spe-
cidist can quickly see the daily reports of the nurses,” (Participant 7)

I nter connectivity/Standardization

EMR hardware and software can be used straight out of the box,
but they have to be interconnected with other devices that
complement the EMR system. The exchange of dossiersisoften
not possible due to lack of standardization, and files are often
split up between different specialties because that is how the
medical practiceis organized in the hospital (Table 5). Getting

Table5. Interconnectivity: illustrative quotes from participants.

anintegral view of a patient’s situation is therefore difficult but
especially important with multimorbid patients (an evergrowing
group). General data, such as blood pressure, smoking, and
alcohol use, are often contradictory and recorded more than
once. Sometimes, multiple systems have to be simultaneously
used during treatment because files are not linked—a situation
that medical specialists consider potentially dangerous.

Quote type Quote
Barrier «  “Many separate systems are high risk because they are not linked, for example. when transferring files.“ (Participant
11)
«  “Gynecologists work with 4 systems (safety risk) because systems are not interlinked.” (Participant 9)
*  “EMR®now strongly split into specialties” (Participant 4)
Fecilitator o  “Good-quality photos can be easily obtained.” (Participant 7)

*  “Back intheday, there was no background information available if the GP's” notification read ‘ diarrhea ; now there

is” (Participant 5)

3EMR: electronic medical records
bGp: genera physician.

Limitations of the System

According to the participants, the IT system promises a great
deal but offers little more than the old paper situation.
Participants particularly point to the promised additional
intelligence that is either absent from the system or present in

https://humanfactors.jmir.org/2021/4/e27671

alimited sense (Table 6). The system could offer, for example,
so-called evidence-based advice based on the individual and
combined patient dataavailablein the system [16]. An oft-heard
themeisalso the lack of analytical toolsto analyzethe available
data and to anticipate developmentsin the health of patientsin
the hospital.
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Table 6. Limitations of the IT system: illustrative quotes from participants.

Quote type Quote

Obsolescence: the I T system reachingitslimit, becoming obsolete, and no longer remaining useful

Barrier «  “Actualy, no added value, no decision support.” (Participant 5)
«  “Thehospital world can still learn alot from, for example, the travel industry. It is madness that you can book a hol-
iday in Thailand within an hour, but that scheduling an operation for apatient with a serious condition causes so many
problems.” (Participant 2)
«  About the use of analytic tools: “Executing the analysis was very time consuming. Analytics have to be carried out

by an IT specialist. This makesit a hopeless affair. These tools should be included in the EMR®” (Participant 9)

Facilitator . “Thereisalittle bit of decision support for medication (prescriptions).” (Participant 5)

Complexity: EMRsresulting in physicians having to allocate time and effort if they areto master complexity

Barrier «  “Reporting of transactions [is] very complicated.” (Participant 1)
Facilitator « N/AP

Réliability: the dependability of the IT system

Barrier o “In[the] case of failure of systems at polyclinic, nothing is available anymore.” (Participant 7)

Facilitator «  “Simplebut works well. Very few malfunctions. Much better than paper.” (Participant 9)

3EMR: electronic medical record.

BN/A: not available.

. . [17,18]. One thing that stands out is that medical specialists
Other Aspects of EMRsInfluencing the Quality of sometimes missinformal contacts of meetings with colleagues
Care that were previously necessary due to the lack of a common
In Table 7, other aspects of EMRs are summarized. These digital file. Equally striking is that the financial aspect was
aspects were mentioned less often by the medical speciaists hardly mentioned. The latter contrasts with findings in other
but are also important influencing factors. These observations  publications[16].

are generally consistent with the findings published elsewhere
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Table 7. Other aspects of EMRs™ illustrative quotes from participants.
Quote type Quote
Computer skills of the physician or staff: technical knowledge and skillsto deal with EMRs

Barrier « “Doctorsarenot IT savvy, [for] example, [a] radiologist who wantsto look at photos at home but uses a home
PCP that has not been updated and therefore does not work properly.” (Participant 8)

Facilitator . NIAC

Training and support: associated with the EMR system

Barrier o  “The system may not be used properly by medical speciaist[s):
«  Too little knowledge of the system
o Possihilities not known
. Defensive medicine: hedge behavior.” (Participant 4)

Facilitator . N/A

Psychological: personal issues, knowledge, and perceptions

Barrier o “Check lists: system steers behavior. Against check lists: action is carried out anyway because | have prescribed
it. Medication verification is standard procedure, so why check?’ (Participant 5)
« “Thereisacontrast between old and young specialists. | think the older ones accept alimited system more easily;
their demands are less high.” (Participant 7)

Facilitator .  “Enforcesacertain treatment, and that is positive.” (Participant 10)

Social: relationships with patients and fellow care provider s but also with suppliers, insurers, and politicians

Barrier . “Medica specidists clearly have ideas about each other. A lot of contradictions. Hard to get on the same page.”
(Participant 2)
«  “Back inthe day, photos sometimes disappeared (dangerous), but medical specialists came to radiology because
there was only one photo; this meant people knew each other, radiology was the center, people walked in, it used
to run more smoothly. Now there is multidisciplinary consultation, but people don’t know each other anymore.”

(Participant 4)
Facilitator o “Member of medica staff (gynecologist) mans aso-called ‘wailing wall’.” (Participant 8)
3EMR: electronic medical record.
bpc: personal computer.
EN/A: not available.
that governmental institutions often also still require medical
The Change Process Aspect g =

specidists to use paper. A central theme for almost all
InTable 8, illustrative quotes for the change process aspect are  interviewed medical specialists is the coded or noncoded
summarized. According to the medical specidists, several  recording of obtained information. They generally realize that
preconditions for success must be met before the successful  encoding amedical record isaprerequisitefor getting help from
introduction of EMRs in their hospitals. There is some doubt,  the EMR system based on so-called evidence-based material.
for example, as to whether the supplier of EMRsiswillingto  Several hospitals initially started out with the recording of this

create links to other parts of the IT system. However, thisruns  information by medical specialistsbut later abolished this system
counter to market forces. Moreover, the participantsmentioned  because the medical specialists refused to work with it.
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Table 8. The change process: illustrative quotes from participants.

The change process

Quote

Support from organizationa culture

“Thereistoo little attention for resistance in medical specialists due to, for example, time pressure.”
(Participant 8)

“Before, medical specialists wereindividual, had their own working methods. By now, a technological
revolution has taken place (paper records are now electronic records). But people do not want to change
(95%). They have to get out of their comfort zone. You have to invest in that. Now, medical speciaists

approach EMR®asiif it were paper” (Participant 10)
“The problem is that hospitals are not IT minded. Hospitals are not flexible” (Participant 10)

“On its own, the market will not provide properly functioning IT systems for hospitals.” (Participant 2)
“Cytostatic control by pharmacies should be done viainspection on paper.” (Participant 8)
“Participant sees movement from specialism based (departments) towards disease related. For example,

a department of bowel cancer with [an] internist, [an] MDLb, [an] oncologist, and [a] radiologist. This

“(EMR supplier mentioned) is monopolist. Does not listen to customer.” (Participant 4)

“On its own, the market will not provide properly functioning IT systems for hospitals, for example, the
market does not benefit from the exchangeability of data. Market forces therefore do not lead to the solu-

Leadership .
has an impact on the way digitization is organized.” (Participant 4)
Incentives .
tion.” (Participant 2)
«  “No'reward for 'good' use” (Participant 8)
Participation .

“Conclusion: Letting medical specialists do coding work isundesirable, but it is necessary to enable

systemsto ‘offer help’ on amore advanced level. This process should be structured differently by giving
supporting staff aroleinit.” (Participant 8)

3EMR: electronic medical record.
bMDL: maag-darm-lever in Dutch, meaning gastroenterol ogist.

Discussion

Preliminary Findings

To answer the research question “Which positive or negative
aspects influence the relationship between EMR use and the
quality of medical care according to medical specialists?’, a
qualitative research study was performed.

The overal picture of the relationship between the extent of
EMR use and the quality of medical care according to the
participants showsthat medical specialists prefer digital records
over old paper ones. However, at the sametime, the participants
consider the technical systems old-fashioned compared to the
systems they can access at home to book atrip or buy a book.
Theinability of all thoseinvolved (professional groups, boards,
suppliers, politicians) to improve this situation is described
openly by some participants. By and large, the participants do
see the potential, but a better way to record coded information
still needsto be found. Thelack of interconnection between the
different EMRs, for example, per hospital department (eg,
internal medicine and cardiology), is also seen as an important
limitation. Noteworthy is also that financial aspects are not
mentioned often. This contrasts with other studies, in which
technical issues and financia issues are mentioned in equal
measure [12]. The obvious question is then whether money
playsanimportant role according to medical specidists. Finally,
these systems should be ableto offer support in decision making
for diagnosis and treatment [19].

The participants indicated that it is necessary to fulfil some of
the preconditions for success before the EMR can make a
positive contribution to the hospital’s daily practice. That is
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essentially the source of the medical specialist’s resistance. It
takes alot of effort and time to keep the patient file up to date.
The only result is a nonpaper file, which medical specialists
appreciate but is ultimately not enough to motivate them. It is
tempting to make encoding medical data mandatory. However,
without interventionsin the organization, thisis doomed to fail
because many medical specidists are unwilling or unable to
comply. In the end, inefficiently organized processes will then
be automated at great cost and effort, while remaining inefficient
at their core [20].

So, prior to the question of how to improve the available
processes comes the basic question, What can be improved?
Are the available business processes principally accepted, or
can the search be directed toward a change in the existing
processes [21]?

Asstated, it is essential to understand what medical specialists
perceive to be key aspects that either support or hinder the use
of EMRsto positively impact diagnosis and treatment, now and
in the future. These findings may help decide how medical
processes can be improved with modern IT. Important in this
approach is that the possibilities of modern IT, especialy for
advanced decision support, be taken as a starting point [22].

Limitations of the Study

Our study had several limitations. We only interviewed medical
specialistsfrom hospitals that lacked nursing documentation in
2012-2014. These hospital sfound themsalves at the lowest stage
of EMR use according to the EMRAM model but also had great
potential to improve effectively and were able to learn from
other hospitals. However, this qualitative study might still have
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been too early in the hospitals' implementation of EMRs to
identify aspects that are relevant for mature use of EMRs.

The age of the interviewed medical specialists varied between
42 and 62 years. These are medical specialistswith agreat deal
of experienceinthefield. A question iswhether the perspectives
of younger medical specialists correspond with the perspectives

van Poelgeest et d

Conclusions

The 11 medical specialists shared positive experiences of EMR
use when comparing it to the formerly used paper records. The
fact that the health professionals involved can access patient
data at any time they need it is considered important. However,
in practice, potential quality improvement lags as long as

decision support cannot be applied due to the lack of a fully
coded patient record.

of their older colleagues. Follow-up research might answer this
question.
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Abstract

Background: latrogenic hypoglycemiaisacommon occurrence among hospitalized patients and is associated with poor clinical
outcomes and increased mortality. Clinical decision support systems can be used to reduce the incidence of this potentially
avoidable adverse event.

Objective: Thisstudy aimsto determinethe desired features and functionality of areal-timeinformaticsalert to prevent iatrogenic
hypoglycemiain a hospital setting.

Methods: Using the Agency for Healthcare Research and Quality Five Rights of Effective Clinical Decision Support Framework,
we conducted a mixed methods study using an electronic survey and focus group sessions of hospital-based providers. The goal
wasto elicit stakeholder input to inform the future devel opment of areal-timeinformaticsalert to target iatrogenic hypoglycemia.
In addition to perceptions about the importance of the problem and existing barriers, we sought input regarding the content,
format, channel, timing, and recipient for the aert (ie, the Five Rights). Thematic analysis of focus group sessions was conducted
using deductive and inductive approaches.

Results: A 21-item electronic survey was completed by 102 inpatient-based providers, followed by 2 focus group sessions (6
providers per session). Respondents universally agreed or strongly agreed that inpatient iatrogenic hypoglycemiais an important
problem that can be addressed with an informatics alert. Stakeholders expressed a preference for an alert that is nonintrusive,
accurate, communicated in near real time to the ordering provider, and provides actionabl e treatment recommendations. Several
electronic medical record tools, including aert indicatorsin the patient header, glucose management report, and laboratory results
section, were deemed acceptable formats for consideration. Concerns regarding alert fatigue were prevalent among both survey
respondents and focus group participants.

Conclusions: The design preferences identified in this study will provide the framework needed for an informatics team to
develop a prototype alert for pilot testing and evaluation. This aert will help meet the needs of hospital-based clinicians caring
for patients with diabetes who are at a high risk of treatment-related hypoglycemia.

(JMIR Hum Factors 2021;8(4):€31214) doi:10.2196/31214
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Introduction

Background

Hypoglycemia is a common occurrence in hospitals and has
been linked to poor clinical outcomes and increased mortality
[1,2]. Patients with and without diabetes can experience acute
hypoglycemic episodes in the hospital, which may result in
outcomes ranging from mild distress and patient dissatisfaction
with cardiac ischemia, arrhythmias, loss of consciousness,
stroke, seizures, and coma[1,3,4]. Of the 8 million and rising
number of patients with diabetes who are admitted to hospitals
in the United States annually, up to 25% may experience a
hypoglycemic episode during hospitalization [5]. Approximately
half of these episodes can be explained by an underlying iliness,
such as severe sepsis, renal failure, liver failure, or malignancy
[3]; however, theremaining half areiatrogenicin nature, usually
resulting from insulin treatment [6].

Insulin remains the recommended therapy for most patients
with diabetes during hospitalization [7,8]. Recent datafrom the
Medicare Patient Safety Monitoring System found that
glucose-lowering medications were associ ated with the highest
rates of adverse outcomes for all drugs used in the hospital [9].
Asinsulin accountsfor the vast mgjority of hypoglycemic events
[10,11], the Joint Commission and the Institute for Safe
M edication Practices have designated it ahigh-alert medication
[12]. Insulin istypically administered as a continuous infusion
for criticaly ill patientsin the intensive care unit (ICU) and as
subcutaneous injections in noncriticaly ill patients in general
medical or surgical wards. In contrast to the ICU setting where
insulin adjustments are driven by nurse-managed protocols,
insulin titration in the non-1CU setting is prescriber-driven and
requires evaluation of acomplex set of clinical, laboratory, and
pharmacological parameters.

Clinical decision support (CDS) tools in electronic medical
record (EMR) systemshave been increasingly used inthe United
States and have been shown to improve the processes of care
and clinical outcomes [13-15]. These tools have been used to
alert clinicians, suggest diagnostic or treatment
recommendations, and provide contextually pertinent
information to optimize care for a wide variety of indications
inthe hospital setting, ranging from sepsisto acute kidney injury
[16-18]. It stands to reason, then, that CDS could be used to
improve care of patients vulnerableto hypoglycemia. Prediction
models using large EMR data sets have been developed to
trigger alertsin patientsat risk of hypoglycemia[19-22]. Several
studies have found that these predictive models can decrease
the rate of inpatient hypoglycemic episodes, with one review
finding that it could decrease the incidence of severe
hypoglycemia by up to 68% [19,23].

At our ingtitution, we have several existing CDStoolsto guide
cliniciansin selecting a safe and effective initial insulin dosing
regimen, including a mandatory subcutaneous insulin order set
and an optiona insulin CDS tool [24]. Although our
subcutaneousinsulin CDStool was derived from evidence-based

https://humanfactors.jmir.org/2021/4/€31214

basal-bolusinsulin dosing protocols[25], even universal use of
this tool would not be expected to prevent al iatrogenic
hypoglycemic events in the hospital because of the impact of
acute illness and other clinical factors on glucose homeostasis
(eg, nutritional status, renal function, and steroid doses).

Objectives

To address the need for real-time hypoglycemiarisk detection,
we recently developed amachinelearning algorithm using EMR
datathat accurately predictsiatrogenic hypoglycemiainrolling
24-hour windows following each blood glucose reading during
hospitalization [22]. In planning the translation of this machine
algorithminto areal-timeinformaticsalert, we sought to obtain
feedback from inpatient clinicians who are responsible for the
day-to-day management of blood glucose in the hospital. The
objective of this study is to obtain stakeholder input regarding
the design of areal-time hypoglycemiainformaticsalert for use
in ahospital setting.

Methods

Study Design

This was a mixed methods study that integrated quantitative
and qualitative data. Theinitial stage consisted of an electronic
survey (administered in February 2019) that was sent to
physicians and advanced practice providers at 2 academic
medical centers located in Baltimore, Maryland. The second
stage consisted of 2 separate focus groups (conducted in
September 2019) with participants recruited from the pool of
survey respondents, the goal of which wasto expand further on
the answers to the survey and identify common themes. This
study was approved by the ingtitutional review board at the
Johns Hopkins School of Medicine. For the electronic survey,
consent was implied from respondent completion, and written
informed consent was obtained from all participantsin thefocus
group sessions.

Survey

To evaluate the key features and functionality of ahypoglycemia
risk aert, we developed a 21-item electronic survey that was
administered through SurveyMonkey (SVMK Inc) via an
embedded email hyperlink (Multimedia Appendix 1). The
survey required approximately 7-10 minutes to complete and
was sent to hospital-based clinicians involved in glucose
management, including medical and surgical residents,
hospitalists, surgical advanced practice providers, and inpatient
diabetes nurse practitioners (NPs). To encourage participation,
the email invitation with the survey link was sent directly by
residency program directors (medicine, surgery, neurology,
obstetrics/gynecology [OB/GYN]) to all residents in their
programs, and by program leaders in the hospitalist, surgical
advance practice provider groups, and inpatient diabetes
management service. Thus, the total number of recipients who
received the survey link (and hence the response rate) was not
known by the study investigators.
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Survey questions were developed using the Agency for
Healthcare Research and Quality Five Rights of effective CDS
as a guiding framework: the right information to the right
person, in the right interventional format, through the right
channel, and at the right time in the workflow [26]. Right
information refersto the content and presentation of information
to the end user (accuracy, estimated risk and reasons for
predicted risk, and recommended action). Right person refers
to the member of the health care team who is most appropriate
to receive and respond to the alert and the method of identifying
thisindividual. Right format refers to the type of CDS used to
address the clinical scenario and right channel refers to the
platform for communicating the aert. We considered several

Mathioudakis et &

formats or channels within and outside our EMR system (Epic
Version 2018, Epic Systems Corporation), including the best
practice advisory (BPA), glucose management print group
report, patient system lists, patient header, InBasket messaging,
and text messaging. A description of each of these formats or
channels is provided in Table 1, with example screenshots in
Figure 1. Finally, right time in the workflow, a critical
component of successful CDS interventions, refers to the time
when the alert is presented to the end user in their usual clinical
workflow to minimize disruption and achieve desired action.
Multimedia Appendix 2 categorizes the survey questions
according to the Five Rights topics.

Table 1. Description of formats and channels considered for aert.

Term

Description

Epic best practice recommendation

Patient list (Figure
1A)

BPA? (Figure 1B)

Patient header (Story-
board; Figure 1C)

Glucose management
report (Figure 1D)

InBasket message
(Figure 1E)

CORUS text message
(Figure 1F)

Secure chat text mes-
sage (Figure 1G)

First Call (Figure 1H)

Central hubfor cliniciansto see patientsin their unit and across
facility. System list can be compiled across hospital or providers
can add acolumn in their existing patients' lists to identify pa-
tients who meet certain criteria.

Alert that appears based on awide variety of eventsand actions.

Provides patient information relevant to user’s specific role
aong left side of screen. BPAs can appear in Patient Header so
they do not interrupt a clinician’s workflow.

Glucose management report contains summary of all subcuta-
neousinsulin doses over previous 24 hours, and al glucose and
insulin doses administered since admission. Allows user to re-
view relevant information about the patient from one spot in

EMR® as opposed to searching several areasto compileinfor-
mation.

Secure, closed, task-based messaging system to send and receive
information about patient care, directly linking messages to
patient’s accounts, chart, laboratory results, and orders.

CORUS: Secure text messaging system developed by Johns
Hopkins Technology Innovation Center allowing usersto
communicate within channel s or groups on computer or mobile
device. This communication channel is external to EMR.

Epic Secure Chat (deployed after completion of this study and
will ultimately replace existing CORUS text messaging system)
allows users to have conversations with a single recipient or
with agroup of colleagues securely on amobile device. This
communication channel isinternal to EMR.

Designated field to specify on-call provider in EMR.

Identify populations of patientsthat clinicians need to review
regularly or notify clinicians of individual patientswho need
their attention.

Use for one-time eventsthat do not recur on aregular basis.
Restrict how often and to whom BPAs appear so that they
appear only to users who can act on them at atime when
they perform the action. Limit the number of BPAsthat ap-
pear in a separate window.

Show information to clinicians that they need to review or
that should be available at a glance from anywhere in the
chart.

Useto show information that aclinician needsto make deci-
sions based on the total information compiled in the report.

Good fit for questions or issues that do not need to be handled
immediately because users might not regularly check all of
their InBasket messages.

N/A®

Intended for quick coordination between members of the
team

N/A

3BPA: best practice advisory.
PEMR: electronic medical record.

°N/A: not applicable.
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Figure 1. Screenshots examples of proposed formats and channels for informatics alert.
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Focus Groups

To gain a more in-depth understanding of the perceptions,
preferences, and perceived barriers to a hypoglycemia
informatics alert, we conducted 2 focus group sessions, each
consisting of 6 different participants, after the results of the
survey were analyzed. Hospital-based physicians, NPs, and PAs
were eligible for participation. Participants who responded to
theinitial survey expressing interest in further research related
to the topic were invited to the focus group sessions. No
participant identifiers were used during the session, and all
participants were referred to by agiven letter at the start of the
session.

Thefocus group sessions lasted 60-90 minutes and were led by
an experienced focus group moderator (LLB). An institutional
review board approved—approved structured interview guide

https://humanfactors.jmir.org/2021/4/€31214

RenderX

was used (Multimedia Appendix 3), with questions designed
to delve into survey results and reasoning behind responses.
The principal investigator (NM) was also presented to address
or clarify any participant questions during the session. The
sessions were audio-recorded and professionally transcribed.
The investigators further reviewed and corrected the
transcriptiona errors. The participants were provided with food
during the session and a US $100 gift card.

Data Analysis

Descriptive statistics were used to summarize the characteristics
of the survey respondents and focus group participants. For
binary, multiple-choice responses and Likert response data, the
number and percentage of responses were provided. For rank
items, the average ranking was calculated as the weight of the
ranked position. MAXQDA (Verbi Software, 2019) was used
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for qualitative analysis and thematic coding of data from the
focus group sessions. We used a combination of deductive and
inductive methodsin our analyses[27]. Before coding the data,
we identified an initial set of deductive codes centered on the
CDS Five Rights framework. Close reading of the transcripts
then informed the development of inductive codes, reflecting
the ground, or participants experiences. When the code
structure was considered final (ie, no new concepts were
apparent), one researcher independently applied the finalized
code structure and synthesized the data into patterns (ie, a
cohesive category of responses found across our participants)
and themes (ie, a broad concept or topic that aggregates
patterns).

Table 2. Characteristics of survey and focus group respondents.

Mathioudakis et &

Results

Study Participants

Table 2 shows the characteristics of the survey respondentsand
participantsin the 2 focus group sessions. There were atotal of
102 survey respondents, most of whom were internal medicine
(IM) physicians, with fairly even representation from trainees
and faculty or staff. Focus group 1 comprised 6 NPs (of whom
4 were inpatient diabetes specialists) and Focus group 2
comprised 6 physicians (half of whom were medicineresidents).

Characteristic Survey Focus group 1 Focus group 2
Participants, n 102 6 6
Provider type, n (%)
Physician 73 (71.6) 0(0) 6 (100)
Nurse practitioner 21 (20.6) 6 (100) 0(0)
Physician assistant 6 (5.9 0(0) 0(0)
Other 2(L9) 0(0) 0(0)
Specialty, n (%)
Medicine 52 (50.9) 0(0) 3(50)
Surgery 26 (25.5) 2(33.3) 0(0)
Endocrinology or diabetes 15(14.7) 4 (66.7) 1(16.6)
Neurology or neurosurgery 5(4.9) 0(0) 1(16.6)
Obstetrics/gynecology 3(2.9) 0(0) 1(16.6)
Other 1(0.9) 0(0) 0(0)
Leve of training, n (%)
Resident or fellow 55 (53.9) 0(0) 6 (100)
Faculty or staff 47 (46.1) 6 (100) 0(0)
Age (years), mean (SD) _a 39.8(3.9) 29.5(2.1)
Experience (years), n (%)
<5 — 1(16.6) 6 (100)
5-10 — 1(16.6) 0(0)
>10 — 4(66.7) 0(0)

8Data not collected in the survey.

Survey Responses

Figure 2 summarizes the responses to the survey questions
related to the importance of the problem and the perceived
benefit of the proposed alert. There was unanimous agreement
that preventing insulin-related hypoglycemia in hospitalized
patientsisan important priority, and 47% (48/102) either agreed
or strongly agreed that preventing insulin-related hypoglycemia

https://humanfactors.jmir.org/2021/4/€31214
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inthe hospital ischallenging. Nearly all providersreported that
they reviewed blood glucose data on insulin-treated patients
and almost all providers felt that they recognized glycemic
patternsindicative of aneed to adjust insulin doses. Accordingly,
82.3% (84/102) of the respondentsfelt confident in their ability
to safely adjust their insulin doses. Over two-thirds felt that a
real-time hypoglycemic aert would be beneficial.

JMIR Hum Factors 2021 | vol. 8| iss. 4 [€31214 | p.182
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Mathioudakis et &

Figure 2. Survey resultsrelated to importance of problem and perceived benefit of informatics alert.
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Table 3 summarizesthe survey responsesrelated to the proposed
information alert. The top 3 preferred formats were an alert
indicator in the patient header, secure text message, and alert
prompt displayed in the existing glucose management report.
The least desired formats were an Epic InBasket message, a
patient system list, and a pop-up BPA. In terms of information
included in the alert, 78.4% (80/102) of the respondents
indicated that they would want to know the specific reasons
why anindividual patient is predicted to be at risk based on the
prediction model; 64.7% (66/102) of the respondents wanted

https://humanfactors,jmir.org/2021/4/e31214
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the alert to categorize the predicted hypoglycemiarisk into low,
medium, and high levels; and 62.8% (64/102) wanted the alert
to give an estimated probability of hypoglycemia. A minority
of respondents (21/104, 23.5%) indicated that they would want
the alert to hyperlink to an actual prediction model, and 16.7%
(17/102) indicated that they would want the validated accuracy
of the model displayed in the alert. With respect to accuracy,
there was awide range of acceptable sensitivity and specificity
thresholds among respondents, with most considering 70% and
above to be acceptable for both.
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Table 3. Survey results.

Survey question Values

What isyour preferred format for the tool? (average rank, higher score=more desirable)

Peatient header 4.59
Text message 4.03
Glucose management report 381
BPAZ 3.65
Patient list 294
Epic InBasket message 1.98
What piece of information would you like to seeincluded in thereal-time alert? (select all that apply; n=102), n (%)

Specific reason or reasons a patient is at risk based on the prediction model 80 (78.4)
Categorized risk of hypoglycemia (eg, low, medium, high) 66 (64.7)
Patients’ estimated probability of hypoglycemia 64 (62.8)
Hyperlink to actual prediction model 24 (23.5)
Validated accuracy of the model 17 (16.7)
None of the above is necessary 3(2.9)

What feature would you liketo seeincorporated in thereal-time alert? (select all that apply; n=102), n (%)

Recommended action 90 (88.2)
Ability to acknowledge the alert 61 (59.8)
Ability to ignore or override alert 61 (59.8)
Direct link to subcutaneous insulin order set 54 (52.9)
Direct link to subcutaneous insulin decision support tool 29 (28.4)
Ability to consult endocrinology or inpatient diabetes management service 43 (42.2)
None of the above 1(0.9)
Should thereal-timeinformaticsalert trigger an endocrinology consult? inpatient diabetes management service consult? (n=101), n (%)
No 85 (84.2)
Yes 16 (15.8)
What isyour preferred channel for thealert tool? (select all that apply; n=102), n (%)
CORUS text message 63 (61.8)
BPA tool 52 (50.9)
Other channels 15(14.7)
Epic inBasket message 5(4.9)
When would you liketo receivethe alert in your workflow? (single choice; n=102), n (%)
As soon as hypoglycemiarisk is detected 47 (46.1)
At the same time everyday 27 (26.5)
When opening the EM RPof a patient predicted to be high risk 24(235)
Other 4(3.9)
Who should receivethe alert? (select all that apply; n=102), n (%)
Person listed asfirst call onthe EMR 86 (84.3)
Nurse 47 (46.1)
Attending physician 15 (14.7)
Clinical nurse specialist (nurse practitioner) 15 (14.7)

What islowest sensitivity you'd consider clinically acceptable for the proposed alert tool? (single choice; n=101), n (%)
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Survey question Values
50%-59% 3(29)
60%-69% 10 (9.9)
70%-79% 37(36.6)
80%-89% 37(36.6)
90%-100% 14 (13.9)
What islowest specificity you'd consider clinically acceptable for the proposed alert tool? (single choice; n=100), n (%)
50%-59% 3(3)
60%-69% 6(6)
70%-79% 30 (30)
80%-89% 41 (41)
90%-100% 20 (2)
Areyou interested in participating in a clinical design team to build the informatics alert? (n=96), n (%)
No 73 (76)
Yes 23 (24)

@BPA: best practice advisory.
PEMR: electronic medical record.

Thevast mgjority of the respondents (90/102, 88.2%) indicated
that they would want the alert to provide some recommended
action, and 59.8% (61/102) of respondents suggested that there
should be an option acknowledge the alert or ignore or override
the alert. Other features of the alert desired by approximately
half or less of the respondentsincluded direct hyperlinksto our
subcutaneous insulin order set (54/102, 52.9%) and
subcutaneousinsulin decision support tool (29/102, 28.4%) and
theability to directly consult endocrinology or inpatient diabetes
management service (43/102, 42.2%). Although some
respondentsfelt that the ability to easily consult endocrinology
or diabetes services was important, most (85/101, 84.2%) felt
that the alert should not automatically trigger a consult.

Regarding the right person to receive the alert, 84.3% (86/102)
of respondents indicated the person listed as first call in the

https://humanfactors.jmir.org/2021/4/€31214

EMR should be notified. In addition to the first call provider,
46.1% (47/102) of respondentsindicated that the patient’s nurse
should also be notified. With respect to the workflow, 46.1%
(47/102) of respondentsindicated they would want to be notified
as soon asthe hypoglycemiarisk wasidentified, whereas 26.5%
(27/102) preferred the sametime every day and 23.5% (24/102)
preferred being notified only when entering the chart of a
relevant patient.

Focus Groups

The core themes discussed during the focus groups centered on
the CDS fiverights format, with the aim of receiving feedback
on how a functional aert system could best suit front-link
cliniciansat amajor hospital, aswell asanticipated barriersand
challenges. Representative quotes illustrating each key theme
are presented in Table 4.

JMIR Hum Factors 2021 | vol. 8 | iss. 4 [€31214 | p.185
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Mathioudakis et &

Table 4. Representative quotes from focus groups.

Theme and pattern Representative quotes

Right information

Accuracy .

Trigger .

Recommended action .
Right person

Nurses .

First call provider .

Consultant .

Right for mat
Laboratory results .

Glucose management report  «

BPA .
Epic InBasket .
Patient header .

“It's very important when it's first deployed that the dert is highly accurate...Because otherwise, | think you

risk people developing an attitude that they’re not going to pay attention to it.” [OB/GY N2 resident]

“| think less accurate alert risks developing provider fatigue.” [OB/GY N resident]

“Aswe get more data over time, you can include something about, like, the probability of a hypoglycemic
event in your patient is 53% of all patients with this probability in the past X amount of time. What number
or percentage went on to have a hypoglycemic event?’ [OB/GY N resident]

“1 would want to know why the alert was triggered, initialy. It's not that as a provider that | don’t trust what
the computer has cal culated to be whatever algorithm that is coming out for my patient, but for my own edu-
cation and learning.” [OB/GY N resident]

“1 think having an option that says this alert isinaccurate and not only having that option but that triggering
someone to review that alert and see why it was triggered and hopefully, reviseit so that it's more accurate.”

[IMP resident]

“1 would say that it would be helpful if the options were there for you to check...if like, you know-like D5

and D10 infusions were there as an option to check to make them an active order.” [Surgical NP°|

“Maybe putting something like...reduce [insulin dose] by 20% or something that would be helpful " [Diabetes
NP]

“One of thethings| really appreciate about TREWS [sepsisalert] isthat it will guide you through the algorithm
and the criteria you need to meet in order to treat the sepsis.” [IM resident]

“1 think the nurse should be one of the first (to be contacted).” [ Diabetes NP]

“1 think the way the TREWS [sepsis alert] is set up isthat the nurse getsthefirst alert and they’re responsible
for contacting first call or whoever the primary team is. And so, the benefit of that is they will know how that
serviceis set up whether or not they use thefirst call.” [IM chief resident]

“First call person...if that's the updated one.” [Diabetes NP

“First call system and then the BPAY as long as we can, kind of, minimize it so it's not—again, the issue
with alert fatigue” [IM resident]

“I"m forever getting alerts from things that are not a consultant team’s responsibility.” [Neurology resident]

“If you can write something under labs. Because | feel like labs, everyone watches.” [Diabetes NP]
“Adding asymbol or something to an actual glucose result to say this person isat risk.” [OB/GY N resident]

“1 think | find that tool to be the one that | use the most when I'm managing a patient’s glucose and insulin
because it gives me a good way to review a 24-hour snapshot.” [OB/GY N resident]

“1 really like the glucose management report. | think for internal medicine, weuseit...al thetime” [IM resident]
“1 think it would be great to have it there. | don’t think it's mutually exclusive from the other ones, but | will
say for an aert, people are not always going to look in there at the right time that you want them to know
about the information. Thisrai ses the concern that although the tool is made to help specifically with glucose
management, that alack of use by some staff may lead to delay in response to an aert.” [IM chief resident]

“BPAs...interrupt your workflow so much.” [IM chief resident]

“Epic InBasket, | agree...It's useless. Nobody’s going to look there for urgent things.” [IM chief resident]
“Especialy the EPIC InBasket, we get so many messages every day. Results to follow-up on. It would just
get lost. | mean, there's no way | would ever see that.” [Endocrinology fellow]

“Perhaps there's something in the header that tells you need to go look at that tab.” [OB/GY N resident]

“1 think, actually, the header might be because—likewith TREWS|[sepsisalert], it'snot interfering. It doesn’t,
like, get in your face and make you answer something, but it'sthere” [IM resident]

“The BPA thing that will show up in the header. It'll just list that you have BPAs that need to be addressed.”
[IM chief resident]

“| feel like our patient headers are very crowded, currently, with quite abit of information. And so, I’'m not
entirely surethe best format or buildout to make something appear in the header. Maybe it could be something
likeasymbol that appearsthat then indicatesthat you should go look at the glucose management tab.” [OB/GY N
resident]
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Theme and pattern

Representative quotes

Right channel
CORUS (text messages)

Right timein workflow

Real time

“Snooze” feature

Disruption

Barriersor challenges

Importance of problem

Communication

Provider factors

Patient factors

Alert fatigue

“All of us, | think, as housestaff, also check CORUS pretty religiously.” [IM resident]
“1 think in terms of being alerted to it physically as a house staff member, CORUS isthe best.” [IM resident]

“Alerts should be time sensitive and in real time.” [Surgical NP]

“What do you think about the idea of—you know, when your computer lets you know there are updates and
it needs to be restarted and you say, ‘Not now. Try again in an hour. Not now. Try again tonight.’ I’'m saying
this alert comes up—I’m opening a chart for a specific reason. | have atask or multiple tasksin mind.”
[OB/GY N resident]

“Or if there was away for it to be paused and then it pops up again when you go to click out of the chart. It's
like, hey, don’t forget—you’ve got this thing to do.” [Neurology resident]

“Oftentimes, you'll just click something to get it out of the way, do what you're doing, and then you'll forget
about it afterward.” [IM chief resident]

“Which | think would be helpful to, like-1 need to put in another order right now that’s actually more urgent
for the patient, believe it or not. And | don’t want to forget to do that, because I'm messing around now in
their Lantus [insulin] dosing, and there and then | forget...or | now have gotten into this big rabbit hole of 6
different ordersthat | have to place in order to put in the original order that | wanted to put in.” [Surgical NP]

“1 think the good question to ask is whether or not we have enough of a problem in which patients get into
real trouble, as opposed to just having a glass of orangejuice.” [Surgical NP]

“1 think providers are more reactive to hyperglycemiathan they are hypoglycemia.” [Diabetes NP]

“And that'srare, right? 99% of these patients are treated with a glass of juice” [Surgical NP

“Plus, there are so many other providersinvolved when you order something, or you recommended something.”
[Diabetes NP]

“When they see the blood sugar is high, [providers]...keep giving insulin without understanding the duration
of action of the insulin. So, the patient ends up getting stacked.” [Diabetes NP]

“It’simpossible for usto walk in and put the tray down in front of them, check their sugar, give them insulin,
and then they are guaranteed to eat >50% of the tray in front of them.” [Surgical NP]

“How much different adiet, in particular, relates to this. People would be on like 100 units of insulin a day
at homeand if you put them on that [amount of insulin] here, [their blood glucose] will shoot to 0.” [IM resident]
“Our patients are non-compliant people, and so, they come in and their home regimen has been ramped up in
the outpatient setting because they just aren’t doing it and then you're trying to guess, sort of, like what are
your actual insulin needs and you either become too conscientious and they’re entirely way too hyperglycemic
or we're not conscientious enough in trying to guess, sort of, what's their appropriate doses. It's really chal-
lenging.” [Neurology resident]

“As a consulting physician, to be honest with you, | don't really even look at them. | just kind of click to get
it out of my way button...I"m not the one who actually has to deal with it 90% of the time.” [Endocrinology
fellow]

“What drives me most crazy is, if you've already answered the questions and then the next time you log into
Epic, it shows up again, and again, and again, and again.” [Surgical NP]

“Then | know we have the new hypoglycemia alerts that pop up, but | think they pop up very, very, very fre-
quently to the point that | think it's almost starting to cause a little bit of fatigue.” [IM resident]

80B/GY N: obstetrics/gynecol ogy.
BIM: internal medicine.

°NP: nurse practitioner.

9BPA: best practice advisory.

Right Information

It's very important when it's first deployed that the
alert is highly accurate...Because otherwise, | think

Accuracy wasacommon theme. According to the surveys, most you risk people developing an attitude that they're
of our participants wanted the alert to be at the very least 70% not going to pay attention to it. [OB/GY N resident]

sensitive and specific. One participant noted as follows:

https://humanfactors.jmir.org/2021/4/€31214

Participants raised concerns that if the specificity was low at
launch, the alert would go off repeatedly and would beignored.
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Many noted that similar aert systems have been deployed at
our ingtitution before validation of accuracy; as aresult, many
of the alerts were initially unsuccessful at gaining end user
buy-in and changing behavior. To avoid this, one participant
noted that the algorithm should be continuously adjusted to
increase accuracy over time.

A common theme among focus group participants was the
importance of defining specific reasons that triggered an alert.
Participants felt that sharing this information would present a
learning opportunity for end users and could indirectly modify
behavior intheir care of future patients. Participants al so voiced
the concern that there should be an option to report the alert if
it isinaccurate:

I think having an option that says this alert is
inaccurate and not only having that option but that
triggering someone to review that alert and see why
it was triggered and hopefully, revise it so that it's
more accurate. [IM resident]

Finally, echoing the results of our survey, the focus group
participants emphasized their desire to have an alert to
recommend the appropriate action. Thetendency of dert systems
to interrupt workflow without recommending an appropriate
action leads to clinicians feeling overwhelmed. Participants
noted that the best part of the other alert systemswas the ability
to help with workup and management. One participant noted
asfollows:

One of the things | really appreciate about TREWS
[sepsis alert] is that it will guide you through the
algorithm and the criteria you need to meet in order
to treat the sepsis. [IM resident]

Right Person

There were mixed opinions among the focus group participants
asto the right person to be notified of the alert. Many believed
that contacting the individual or servicelisted asfirst call inthe
EMR would be the most sensible approach. However, many
voiced the concern that the only way afirst-call system would
be efficient wasif the EM R was accurately updated, which may
not always be the case. Other participants voiced that the right
person to be alerted should always be a nurse. One participant
noted that with other alert systems, the nurse is responsible for
triaging the alert and determining whether contacting the
provider is required:

| think the way the TREWS[sepsis alert] isset up is
that the nurse gets the first alert and they're
responsible for contacting first call or whoever the
primary team is. And so, the benefit of that is they
will know how that service is set up whether or not
they use thefirst call. [IM resident]

Right Format

There was substantial heterogeneity in preferences regarding
the alert format, and our discussion focused on the pros and
cons of each format. Focus group participants noted that an alert
indicator in the patient header would be a very suitable place
for a hypoglycemia alert; however, concerns were raised that
the patient header is already a very crowded space:

https://humanfactors.jmir.org/2021/4/€31214

Mathioudakis et &

| feel like our patient headers are very crowded,
currently, with quite a bit of information. And so, I'm
not entirely sure the best format or buildout to make
something appear in the header. [OB/GY N resident]

Othersreally valued theidea of using the glucose management
report, whichisatabular report summarizing insulin and glucose
data in a temporal way that facilitates pattern recognition and
insulin dose adjustments but cautioned that this passive approach
may not achieve the desired action. A suggestion raised during
thefocus groups session that was not considered in the electronic
survey was made to place an alert symbol next to a patient’s
glucose laboratory result to notify them of impending risk; this
alert would be distinct from an abnormal laboratory result value
to distinguish predicted risk from overt hypoglycemia.
Participants felt that a results flag would be the most effective
in increasing situational awareness:

If you can write something under labs...because| feel
like labs, everyone watches. [Diabetes NP]

A consensus was also reached that BPAs were not ideal for an
alert system, asthey were noted to be very interruptive by some
of the participants:

BPAs...interrupt your workflow so much. [IM resident]

The Epic InBasket format was dismissed by most participants,
asthisis not aformat routinely used for communication in the
inpatient setting:

Epic InBasket, | agree...It's useless. Nobody's going
to look there for urgent things. [IM chief resident]

Right Channel

The CORUS text messaging system was the unanimously
desired channel for receiving the alert. All participants agreed
that it was the quickest and most efficient way to be notified.
A few even mentioned that they were too heavily reliant on
CORUS, but noted it was the appropriate app to get the staff’s
attention:

All of us...as housestaff also check CORUS pretty
religioudly. [IM resident]

Right Timing

The majority agreed that the alert should be direct and in real
time to allow for appropriate action. One concern that many
had was the fact that the alert might go off in atime when the
staff member could not respond. One participant offered the
suggestion of a snooze button to address this concern:

What do you think about theidea of—you know, when
your computer |ets you know there are updates and
it needs to be restarted and you say, “ Not now. Try
again in an hour. Not now. Try again tonight” 1I'm
saying this alert comes up...I’m opening a chart for
a specific reason. | have a task or multiple tasks in
mind. [OB/GY N resident]

Barriersto Alert Systems

The focus group sessions elicited feedback about barriers and
challengesrelated to hypoglycemic prevention and the proposed
informatics aert. Some of the themes that emerged were: (1)
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iatrogenic hypoglycemia is not serious enough to justify an
alert, (2) patient factors that cannot be controlled (eg, snacking
without knowledge of the treating team or resistance to taking
recommended insulin doses), (3) provider factors, including
knowledge gaps, and, most importantly, (4) concernsregarding
alert fatigue. Although the survey respondents amost
unanimously agreed that preventing hypoglycemia was an
important problem, some of the focus group partici pants seemed
to question its significance. For example, one participant
commented as follows:

I think the good question to ask is whether or not we

have enough of a problem in which patients get into

real trouble, as opposed to just [ needing to treat with]

a glass of orange juice. [Surgical NP]
Many participants voiced concern that the alert system must be
structured to prevent alert fatigue. Participants noted that other
alert systemswere constantly popping up inappropriately leading
to people clicking through them and interrupting the workflow.

Discussion

Principal Findings

Overall, the findings from this study indicate that iatrogenic
hypoglycemiawas perceived as an important problem that could
potentially be addressed with a real-time informatics aert. We
identified several key design requirements and preferences for
the aert: (1) sufficiently accurate, (2) recommendations for
care, (3) nondisruptive, and (4) communicated in near real-time
to the responsible clinician. Several EMR tools, including an
alert indicator embedded in the patient header, glucose
management report, and flagged |aboratory results, were deemed
acceptable formats for consideration of hypoglycemia alerts.
Although clinicians indicated that pop-up (interruptive) BPAS
would be considered unacceptable because of aert fatigue and
disruption of clinical workflow, we were surprised by the
acceptability of the use of the hospital’s text messaging system
as a channel of communication for the alert because real-time
text messaging could be interrupted.

Comparison With Prior Work

To our knowledge, there are no previous studies soliciting
stakeholder input regarding inpatient hypoglycemiainformatics
alerts. A systematic review and meta-analysis of computerized
CDS systems (CDSS) found that push notifications, the ability
to execute action, and an interruptive element are the most
prevalent features of CDSS that have been evaluated in
controlled clinical trials [14]. Absolute incremental
improvements in clinical processes or outcomes were
demonstrated for CDSS that offered the ability to execute the
desired action, and atrend toward improvement was shown for
those that allowed for acknowledgment, were behavior-targeted,
embedded in the EMR, and interrupted [14].

We recently developed a machine learning algorithm using
EMR data that would be considered sufficiently accurate
(sensitivity and specificity of approximately 80% and c-statistic
of 0.90) based on the input received from stakeholders in this
study [22]. As we progress toward translating our machine
learning model into a real-time alert, we will seek to consider
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the key findings from this study to optimize end user buy-in
and adoption. Specifically, weintend to develop anear real-time
alert that provides specific and actionable recommendations to
the ordering provider without disrupting their clinical workflow.
The top candidate CDS formats we will consider based on the
results of this study are a nonintrusive BPA embedded in the
patient header, |aboratory result, or existing glucose management
report. The selection of the final CDS format will depend in
part on our ingtitutional requirements and programing feasibility.

Limitations

It is important to note that there have been three key system
changes at our institution since we completed this study, which
may have affected our findings. First, our text messaging system
(CORUS) has been replaced by an alternative text messaging
platform that resides within the EMR and is accessible through
mobile devices (SecureChat). The main difference in the text
messaging platform change is that the communication resides
within the EMR and is accessible via a mobile app.
Communications delivered via SecureChat would allow the
user to quickly access other relevant information within the
patient’s chart without the need to access an external system.
Second, a new feature called Storyboard was released in an
Epic software upgrade, which shifted the patient header
information from the top of the chart to the left side of the
screen. The Storyboard includes patient identifiers and key
information, including allergies, infection or isolation, and best
practice advisories. At our ingtitution, the Storyboard isalready
being used to summarize active aerts for a given patient (eg,
sepsis) and would be a potential consideration for the
development of hypoglycemia alerts. We believe that the
inferences of this study related to the patient header would apply
to the new Storyboard format. A third system change at our
institution has been made in which all services are required to
either list an individual or a service pager name (for surgical
services) in the first call field. It is expected that the first call
field will serve as the source of truth in identifying the
responsible provider for agiven patient at any given time.

Conclusions

Alert fatigue is acommonly cited limitation in CDSS [28-30].
Degspite the fact that avoidance of aert fatigue emerged as one
of the most important themes in our analysis, some
incongruencieswere identified among participantsin this study.
On the one hand, clinicians strongly opposed a pop-up style
BPA; on the other hand, real-time aerting via text messaging
was identified as a preferred channel of communication
regarding hypoglycemia risk. Although a text message can
perhaps be more easily ignored than a pop-up BPA, both forms
of alerting could distract the clinician from their current clinical
work. On the basis of the overall input we received from our
stakeholders, we place greater value on avoidance of alert
fatigue and disruption in clinical workflow than immediate
notification of the risk of hypoglycemia. Therefore, we will
explore several strategies to minimize alert fatigue, such as
communicating increased risk in a nonintrusive fashion in the
patient header, laboratory result section, or glucose management

report.
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Future research will assemble an informatics design team to  evaluated for effectiveness. Ensuring that the alert system
develop prototypes using the most desired formats proposed by ~ follows the CDS Five Rights and adheres and aligns with
stakeholdersin this study, and to test these prototypesin apilot  stakeholder preferencesfrom this study will hopefully improve
observational study before being widely implemented and theusability, adherence, and efficacy of the hypoglycemic alert.
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Abstract

Background: Physician-to-physician teleconsultation has increasingly played an essential role in delivering optimum health
care services, particularly in orthopedic practice. In this study, the usability of a smartphone app for teleconsultation among
orthopedic specialists was investigated to explore issues informing further recommendations for improvement in the following
iterations.

Objective: Thisstudy aimed to explore usability issues emerging from users’ interactions with MEDIC app, a smartphone-based
patient-centered physi cian-to-physician teleconsultation system.

Methods: Five attending physicians in the Department of Orthopedics in alarge medical school in Bangkok, Thailand, were
recruited and asked to perform 5 evaluation tasks, namely, group formation, patient registration, clinical data capturing, case
record form creation, and teleconsultation. In addition, one expert user was recruited as the control participant. Think aloud was
adopted while performing the tasks. Semistructured interviews were conducted after each task and prior to the exit. Quantitative
and qualitative measures were used to identify usability issuesin 7 domains based on the People At the Centre of Mobile Application
Development model: effectiveness, efficiency, satisfaction, learnability, memorability, error, and cognitive load.

Results: Severa measures indicate various aspects of usahility of the app, including completion rates, time to completion,
number of clicks, number of screens, errors, incidents where participants were unable to perform tasks, which had previously
been completed, and perceived task difficulty. Major and critical usability issues based on participant feedback were rooted from
the limitation of screen size and resolution. Errors in data input (eg, typing errors, miscalculation), action failures, and
misinterpretation of data (ie, radiography) were the most critical and common issues found in this study. A few participants did
not complete the assigned tasks mostly owing to the navigation design and misreading/misunderstanding icons. However, the
novice users were quite positive that they would be able to become familiar with the app in a short period of time.

Conclusions: The usahility issues in physician-to-physician teleconsultation systems in smartphones, in general, are derived
from the limitations of smartphones and their operating systems. Although some recommendations were devised to handle these
usability issues, usahility evaluation for additional development should still be further investigated.

(IMIR Hum Factors 2021;8(4):€31130) doi:10.2196/31130
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Introduction

Comprehensive personalized care has become adesirable model
for health care systemsin many countries. Such amodel requires
the integration of multiple stakeholders and systemsto provide
patient-centered services. In addition, the efficiency of health
care systems, particularly in terms of collecting, storing,
analyzing, and accessing patient records and related datais now
even more critical to the quality of health care service delivery.
Information and communication technologies have advanced
health care servicesin numerousways, particularly in reducing
medical errors, paper consumption, physical storage space, and
time. Electronic medical records (EMRs), for instance, have
been widely adopted sincethey play an essential rolein the data
repository as well as a point of reference in communication
between health care providers and patients. Although EMRs
are concerned with how health care providers manage patient
records, the modern health care system requires collaboration
between health care providers, in the expectation of improving
the quality of diagnosis and the treatment process, thereby
ensuring the quality of dataand increasing trust among providers
aswell as between providers and patients [1].

Teleconsultation is broadly defined and used to explain the
remote communication between at least 2 partiesin conducting
the health care process and services (eg, between aprimary care
physician and a specialist, between a physician and a nurse,
between aresident and a supervising physician, and between a
physician/nurse and a patient) [1]. Owing to the advancement
of information and communi cation technol ogy, teleconsultation
can be delivered via various channels, for instance, telephone
[1,2], video conference systems [3], instant messengers [4-6],
and smartphone apps[7]. In particul ar, the use of mobile devices
has increased worldwide since the first introduction of
smartphones in the late 2000s. The International
Telecommunication Union [8] estimates that there were almost
8 billion mobile cellular subscriptions worldwide in 2020. In
Thailand, there were in excess of approximately 119 million
mobile subscriptions in 2020 [9]. Mobile phones have become
a major platform, bypassing desktops and websites in many
other areas.

Teleconsultation has become more common in orthopedic care
[10,11], particularly in terms of telemonitoring, teleradiography,
and telesurgery [12]. The COV1D-19 pandemic has accel erated
the adoption of telemedicine, despite criticism and resistance
in certain specialties [10,13,14]. There have been several
evaluation studies on the effectiveness of teleconsultation in
terms of data quality and clinical outcomes (eg, length of stay,
user satisfaction, economic evaluation [10,15]). Although the
results from systematic review studies cannot confirm the
clinical benefits of teleconsultation [15], it is apparent that
orthopedic  specialists, particularly  surgeons, prefer
teleconsultation over traditional office visitswith patients[10].

https://humanfactors.jmir.org/2021/4/€31130

Considering that telemedicine and collaborative practice have
beenincreasingly adopted in orthopedic care, a patient-focused
teleconsultation platform alows specialists and hedth care
providersto be ableto access up-to-date patient records anytime
and anywhere. Where diagnosis and prescription are needed,
health care providers can update patient records and provide
consultation on the go. However, developing a mobile app, in
general, can have numerous usability challenges. For instance,
limited screen size and resol ution restrict the capacity to display
large-scale information. Moreover, screen size and resolution
may affect the performance of data input, particularly when
typing and selecting from alist [ 16]. Other factorsthat can affect
the usability of mobile apps include distractions during use,
connection speed, and processing power [17]. Designers and
developers of mobile apps and websites may have to
compromise their design in numerous ways, for example, by
segmenting and presenting information in multiple pages.
Although the usability of mobile apps has been widely studied
[17-20], their usability in physician-to-physician teleconsultation
has seldom been investigated [7,21,22]. Abundant usability
evauationsin health care systemsfocus on EMRsin the desktop
environment [23-25]. Even in the usability studies of mobile
EMR systems [26-32], most of them tend to apply generic
frameworks rather than those developed for mobile app or
teleconsultation specifically. Kim et a [33] called for further
explorations of the feasibility, particularly from a usability
perspective, of mobile apps on smartphones among physicians.

Harrison et al [18] point out that most mobile usability models
focusonly on 3 basic attributes, that is, effectiveness, efficiency,
and satisfaction, overlooking other essentia attributes such as
cognitive load. People At the Centre of Mobile Application
Development (PACMAD), an evaluation framework, was
developed and tailored to address the usability of mobile apps.
Based on the International Organization of Standardization and
the famous Nielsen's model [34], PACMAD covers 7 relevant
usability attributes, that is, learnability, efficiency, effectiveness,
errors, memorability, satisfaction, and cognitiveload. Although
the constructs in this model cover a wide range of usability
aspects and the model has been widely used in various contexts
of use, goals, and groups of users, including patient-based
mobile health apps [35-37], its application in
physician-to-physician consultation mobile appsisvery limited.
Asthe framework is applicable to the usability of mobile apps
in general, this study adopts PACMAD as the theoretical and
analytical framework.

Using a heuristic evaluation approach [38], this study aimed to
explore usability issues emerging from interaction with a
patient-oriented physi cian-to-physician tel econsultation app on
asmartphone device. Although the app developed can be applied
to other settings, this study uses an orthopedic clinic asasetting
to control the complexity of the task and the potentia
confounding determinants [23]. In addition to informing the
recommendations and guidelinesfor the design and devel opment
of medical apps on small mobile devices, this study also sheds
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some light on the feasibility of teleconsultation apps among
physicians on smartphones, which are more pervasive and
portable. Further, this study investigates the applicability of
PACMAD, a general usability framework of mobile devices,
in the context of physician-to-physician teleconsultation.

Methods

Participants

Nielsen [39] argues that, in exploring usability issues among
homogenous users, thefirst 3 userswill help discover problems
in an exponential manner. The dataare hypothetically saturated
after the fifth user. In addition, the primary users of the current
version of MEDIC are orthopedic specidists and physicians
who normally provide consultations with each other. As a
single-site study, the study site was an orthopedic clinic in a
large medical school in Bangkok, Thailand, housing around 60
orthopedic specialists and physicians. The study enrolment was
announced in the department meeting and all participantsjoined
voluntarily. One orthopedist who regularly used the MEDIC
app was recruited to be the control participant. Four speciaists
and 1 resident who had none or a few experiences of using
MEDIC were recruited in this study. To control the complexity
of thetask and the variability of the platform, the usability tests
were conducted using the MEDIC iPhone operating system
platform only. Therefore, all participants had to be current
iPhone users. The study protocol (IRB 756/62) was approved
by the Ingtitutional Review Board, Faculty of Medicine,
Chulaongkorn University.

Data Collection

This study was conducted in a controlled setting in the Clinical
Skill and Simulation Center (Figure 1). Upon arrival,
participants were introduced to the MEDIC app through a
5-minute video presentation providing information on themain
features and functions of the app. Thereafter, participants were
asked to complete a usability test session. The overall test for
each participant took about 90 minutesto complete. Therewere
5 tasks given to the participants to complete individually. Inthe
context of an orthopedic clinic, these tasks were designed to
cover the basic functions of the app and the data capturing
process in simulated clinical situations. The participants were
required to use the app on the provided iPhone 8. They were
also allowed the use of other apps on the device to complete
the tasks. Owing to the collaborative nature of the
teleconsultation work, the users had to create a private group
Serving as a sharing space to communicate between physicians.
Thegroup could be utilized for aclinical unit, adiscussion about
aspecific case or agroup of cases, aresearch project, or acertain
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task force. Thus, the first task assigned the study participants
to createagroup and invite other usersto join the newly created
group. Since MEDIC is designed to be a patient-focused
teleconsultation app, MEDIC allows physicians to create and
manage patient records within a group space. Only physicians
in the group can view and manage patient records in the group.
Therefore, the participants were asked to create a new patient
record intask 2. In addition, to evaluate how physicians usethe
app to manage patient records in an environment similar to the
natural setting, the study participants were asked to collect
patient information by using the app in asimulated clinical visit
intask 3.

Another key function of MEDIC is to alow physicians to
communicate in a standardized manner via the data collection
form. There are several scales and measures that are essential
for the clinical management of patients. Some are standardized,
while some are tailored and customized within a group. The
data collection form function allows physicians to create and
customize aform to be used among the physiciansin the group.
Therefore, task 4 was designed to investigate how the
participants used the data collection form by asking them to
create a form to collect a Mangled Extremity Severity Score,
which is one of the most common scales used in orthopedic
clinical practices. Although the first 4 tasks aimed to observe
how the participants created and managed data within the app
from a sender perspective (eg, medical students, resident
physicians, referrers), the last task was designed to eval uate the
usability of the app from the perspective of the receiver (eg,
peers, advisors, supervisors, referees). The participants were
asked to review existing patients' records who were asked for
consultation. The participants were asked to provide clinical
opinions as well as to enter a diagnosis and treatment plan in
the consulting case's record. While performing the tasks,
participants were asked to speak aloud their thoughts to the
researchers. Participant activities were logged using the video
camera and screen recording function of the iPhone. The
description of al the tasksis shown in Textbox 1.

Although there was no limitation on the completion time,
participants could leave tasks incomplete at any point in the
task. The radiograph used in task 5 is shown in Figure 2. After
completing each task, the participants were interviewed using
a semistructured interview approach to obtain detailed
information regarding their behavior and experience.
Additionally, an exit interview was also conducted after all the
tasks had been completed. All user actionswererecorded using
ascreen capturing app and video recording. One of theresearch
team members al so observed the participants and recorded their
actions in an observational form.
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Figure 1. The camera setup for observing research participant interactions with the MEDIC app, while doing history taking and examination with the
simulated patient in task 3.

Textbox 1. Tasks in the usability test of the smartphone-based physician-to-physician teleconsultation app.

Task 1: Creating a group, then adding team members and form into the group
Task 2: Registering the patient into the group

Task 3: Using MEDIC app during a clinical encounter with asimulated patient, including the recording of aradiograph, a photo of the affected body
part (the knee), a physical examination, diagnosis, and plan management. The simulated patient was informed about the case and trained by the
researcher. The scenario for task 3 was a 42-year-old femal e patient presenting with chronic pain in her right knee for 3 months. A plain radiograph
showed that she had osteoarthritis, which is acommon degenerative condition of the knee joint. The treatment included medication, physical therapy,
and surgery.

Task 4: Create anew record form, aMangled Extremity Severity Score, which is used to assess limb-salvage potential of traumatic extremity. Prior
to this task, participants were given a brief video introduction on how to create the form.

Task 5: Using MEDIC for a teleconsultation of orthopedic trauma cases. Participants were asked to review a patient’s radiograph and then provide
adiagnosis and treatment plan as well as clinical opinion. The task 5 case was a 35-year-old female who had had a traffic accident 2 hours before
arrival at the emergency room. A plain radiograph showed a fractured neck of the left femur, which is the proximal part of the thigh bone, and pubic
rami fracture of the pelvic bone.
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Figure 2. Plain radiograph image, which isused in task 5, showing fractured neck of left hip (femur) (A) and pelvis (pubic rami) (B).

PSS

Data Analysis

The data from the think-aloud protocol and the semistructured
interviews were transcribed. The observation notes were
validated with the video recording. Quantitative data, for
instance, time, number of clicks, and number of screens used,
were recorded in MS Excel and analyzed using descriptive
statistics by comparing with expert users performance.
Thematic analysis using a deductive coding approach was
adopted to analyze the transcripts, observation notes, and screen
and video recordings by using the qualitative data analysis
software, NVivo version 12 (QSR International). The primary
coding scheme adopted PACMAD usability attributes [18],
including effectiveness, efficiency, satisfaction, learnability,
memorability, error, and cognitive load. The coding was
conducted by 2 assessors independently. The codes and
categories were then compared. Any disagreements were
resolved by discussion between the 2 assessors.
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Evaluation M easures

To explore the usability issues of MEDIC, Table 1 shows the
measures collected during and after tasks. To triangulate the
results, the datawere derived from 3 data sources: observation,
think-aloud responses, and interviews.

Itisapparent that certain measures were attributed to more than
one usability domain, for instance, perceived task difficulty
addresses both |earnability and cognitive load. The time used
to accomplish assigned tasks was aso used to evaluate
learnability and efficiency. For cognitive load, athough the
NASA Task Load Index isnormally recommended [18,40], we
considered Flood's hypothetical approach [41] instead since it
specifically addresses the cognitive load in a mobile
environment in the context of clinical and health care practices.
Furthermore, 2 additional measureswere collected to understand
user characteristics: (1) familiarity with each task assigned
(rating on 1-7 Likert scal€) and (2) familiarity with heavy-loaded
tasks (eg, writing, filling out aform) on mobile platforms.
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Table 1. Measures of usability.

Choemprayong et a

Usability attributes Data sources

Observations during task

Posttask interviews Exit interviews

performances
Effectiveness Completion rate using the Laplace method a —
Comparing the time to compl etion, number of
clicks and number of screens with expert per-
formance
Efficiency Timeto completion — —
Number of clicks
Number of screens used
Satisfaction — — Perceived potential impact of the
app on the effectiveness of current
workflow
Learnability Timeto completion Perceived task difficulty —
Memorability — Number of incidents where partici- —
pants were unable to perform atask,
which had previously been completed
Error Incidents when errors occurred — —
Cognitive load Distractions during task performance Perceived task difficulty —
8ot available.

MEDIC: Smartphone Physician-to-Physician
Teleconsultation App

MEDIC, developed by Deverhood, Thailand, is a smartphone
teleconsultation app for physicians to communicate with each
other in various settings. As the app is designed to support
patient-centered care, the main features of the app include
patient medica data such as medica history, physical
examination, clinical images, and diagnostic questionnaires.
Health care providers can access, collect, and modify datafrom
both desktop and mobile platforms, including both iPhone
operating system and Android. However, the testing version in
this study was on the iPhone operating system platform to
control the environment. All data were to be uploaded to the
cloud server; therefore, an internet connection was required
while using the app. Designed to support collaboration among
physicians and specialists, the MEDIC interface is divided to
support 4 main tasks, namely, forming a team, data form
creation, data recording, and data reviewing. The first task
begins with forming a team such as a research group or a
multicenter collaboration by creating a group and adding
members. To invite members to the group, al teammates must
have accounts with MEDIC. Group members can be removed
or included by the group administrator.

Although MEDIC has been designed to collect generic patient
records (eg, demographic, diagnosis, medical history, treatment),
the app also allows physicians to create a data form to support
their specialty, such asa case record form and functional score.

https://humanfactors.jmir.org/2021/4/€31130

However, licensed questionnaires should be authorized by the
licensed owner in advance. There are 10 datainput formats that
can be used in the form: check boxes, drop-down lists, multiple
choice, linear scale, multiple choice grids, free text, number
text, date-time, picture, and video link. The content of theform
can be organized into a section. Each question can be set as a
required status, which should be completed or the form cannot
be submitted. Relevant forms should be assigned to the related
group. The data capturing process begins with patient
registration with the group by entering a general profile and
collecting datausing afreetext box, form, and cameratool. All
recorded data can be reviewed by pressing the previous history
tab, which shows free text history, forms, and imagesthat were
recorded in the past. Apart from all the main features, this app
allows users to fill out their profiles for reference and a setup
passcode lock to increase data security. The main features of
the app are shown in Figure 3.

Apart from the capability of clinical data capturing, MEDIC is
suitablefor teleconsultation between health care personnel. The
MEDIC app provides organized information, including history,
laboratory findings, and clinical and radiological images, and
patient condition and management are automatically sorted in
a chronological order so that it is convenient for reviewing
disease progression and treatment plan. Patient data privacy
protection is improved by using MEDIC instead of social
networks such as WhatsApp or Facebook messenger because
the data accessislimited to authorized personsfor usein patient
management.
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Figure 3. Three screenshots of the MEDIC app: patient history note (A), image gallery (B), and record form (C).
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Participants Characteristics

Demographics

All participants were males whose age ranged from the late 20s
to early 40s. One of the participants was in the final year of
orthopedic resident training while the otherswere board-certified
orthopedists. All participants, reportedly, were highly familiar
with and had been using smartphones for many years. One
expert was an orthopedist who used the MEDIC app regularly
and had been involved with the development of the app.

Table 2. Familiarity with tasks (N=5).

The participants were asked to declare how familiar they were
with each given task. As shown in Table 2, they tended to be
the most familiar with task 2 and task 4 (median=6). For the
other tasks, familiarity was distributed among the 5 partici pants.

We also asked the participants to provide feedback on their
familiarity with heavy-loaded tasks on mabile platforms. All
participants said they were familiar with multitasking on
smartphones with regard to work-related tasks.

Task

Median (range)

ga A~ W N P

3(1-7)
6(4-7)
3(1-5.5)
6 (4-6.5)
4(1-7)

Usability of the MEDIC App

The following section reports different measures covering all
7 usability dimensions of PACMAD in the smartphone-based
physician-to-physician tel econsultation app, that is, completion
rates, time to completion, number of clicks, number of screens,
errors, incidents where the participant was unable to perform a
task, which had previously been completed, and perceived task
difficulty.

https://humanfactors.,jmir.org/2021/4/€31130

XSL-FO

RenderX

Completion Rates

Asshown in Table 3, al participants completed tasks 2, 3, and
4 (completion rate=100%; L aplace=0.86). One participant did
not completetask 1 and 5 (compl etion rate=80%; L aplace=0.71).
One participant did not complete task 1 because he failed to
add a user (another physician) into the created group. For task
5, the participant could not locate or contact another physician
for consultation for a specific case.

JMIR Hum Factors 2021 | vol. 8 |iss. 4 |€31130 | p.199
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Table 3. Completion rates (N=5).

Choemprayong et a

Task Completion rate, n (%) Laplace
1 4(80) 0.7143
2 5 (100) 0.8571
3 5 (100) 0.8571
4 5 (100) 0.8571
5 4(80) 0.7143

Time to Completion (Minutes)

As shown in Table 4, the participants completed task 1 taking
about 3 timeslonger (median=6 minutes) than the time used by
the expert (median=2 minutes). For task 2, the median time
used by participants (median=2 minutes) was about the same
asthe time used by the expert. For task 3, the participants used
about 16 minutes to complete the task, while the expert used

Table4. Time (minutes) used by given tasks (N=5).

about 6 minutes. It is noteworthy that task 3 involved
interviewing a simulated patient. Therefore, the range of time
used was from 8 minutes to 24 minutes. The participants
completed task 4 using about 8 minutes, approximately 1.25
times more than the time used by the expert. The median time
spent by the participants was approximately 2 times more than
that spent by one of the experts (6 minutes and 3 minutes,
respectively).

Task Median (range)

Expert

6(2-8)
2(1-6)
16 (8-24)
8 (6-11)
6 (4-8)

a A W N

w oo oo NN

Number of Clicks

We also observed the number of mouse clicks during each task,
asillustrated in Table 5. For al tasks, except task 2, the median
number of clicks by the participants was higher than those by
the expert (41 versus 27 in task 1, 88 versus 27 in task 3, 92
versus 68 in task 4, and 36 versus 18 in task 5). The greatest

Table 5. Number of clicks by given tasks (N=5).

difference between the median number of clicks by participants
and the number of clicks by the expert wasin task 3 (about 3.26
times higher). However, there was 1 participant who could
complete task 3 within 17 clicks, which was lower than the
number of clicks by the expert. For task 2, all participants
completed the task by using alower number of clicks than that
used by the expert (13 and 19, respectively).

Task Median (range) Expert
1 41 (15-41) 27
2 13 (10-14) 19
3 88 (17-133) 27
4 92 (74-131) 68
5 36 (28-45) 18

Number of Screens Used

In terms of screens used, as shown in Table 6, the median
number of screensused in all tasks was higher than that of the
screens used by the expert. For task 1, the median number of
screens used was 25 screens, while the expert used 17 screens.
The participants completed task 2 by using 6 screens (median)
compared to 4 screens by the expert. The median number of
screens used by the participantsin task 3 was much higher than

https://humanfactors.jmir.org/2021/4/€31130

that used by the expert (46 and 17, respectively). In task 4, the
median number of screens used by the participants was 23
screens, while the expert used only 17 screensto complete this
task. The participants completed task 5 by using 31 screens
(median) compared to 12 screens used by the expert. Itisalso
noteworthy that some participants used fewer screens to
complete tasks 1, 3, and 4, compared to the number of screens
used by the expert.
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Table 6. Number of screens visited by given tasks (N=5).

Choemprayong et a

Task Median (range) Expert

1 25 (10-40) 17

2 6 (4-7) 4

3 46 (9-72) 17

4 23 (14-29) 17

5 31 (16-38) 12

Errors had to manually add an extra step to convert the difference

In this study, we observed errors through direct observation as
well as through user feedback. Three types of errors were
identified: action failure, data inaccuracy, and error recovery
failure.

Thefirst type of error was action failure. The participants could
not complete certain activities. For example, in task 3, one
participant entered the diagnosis information into a wrong
section. It isapparent that the term “form” was used in multiple
sections where it was meant differently depending onin which
section it appeared. Therefore, thisdiscrepancy led to subsequent
confusion and data entry error. Another major action failure
dealt with navigation issues. Some participants could not
navigate the app or correctly locate the section where they
expected to compl ete tasks. Apparently, they did not understand
the vocabulary and icons used. In addition, intask 1, where they
were asked to create a group and add a member into the group,
most participants took alot of time navigating through the app
to add a member into a created group. Most of them used a
trial-and-error approach by browsing and clicking all buttons
to seeif they were helpful.

The action failure was found to be related to data inaccuracy,
which is another type of error found in this study. In task 4,
where they were asked to create and complete an assessment
form, 3 participants entered data into incorrect fields because
they were confused about how to create and fill out the
information in the form. In addition, 1 participant incorrectly
input the patient birth year from 1978 to 1987. This incident
was led by the discrepancy between the calendar year system
required in the app (Gregorian calendar year) and the official
local calendar system (Buddhist calendar year). The participant

Table 7. Perceived task difficulty rating (N=5).

between the two calendar year systems, which increasestherisk
of datainaccuracy.

Another error was the frustration to recover after encountering
an error. There were a few incidents where the participants
found certain mistakes where they would have liked to make
some changes. However, they could not find a solution to this
for 2 main reasons. First, the app did not have an edit function
for specific tasks. Second, the participants mental model about
how to edit did not match the edit operation in the app. For
instance, participant 2 tried to create a form to collect patient
datain task 4. However, after adding a question, the participant
found that he had misplaced the order of the question. He
struggled to find aworkaround to reorder the question. He ended
up deleting the entire questionnaire and started creating a new
form instead.

I ncidents Where a Participant Was Unable to Perform
a Task That Had Previously Been Completed

Based on adirect observation during the tests and validated by
2 observers, there was no incident where participants were
unableto perform atask, which had previously been compl eted.

Perceived Task Difficulty

To evaluate the cognitive load during task performance, we
asked the participants to rate perceived task difficulty on a
7-point Likert scale (1, not difficult at all; 7, most difficult).
Based on the medians, as shown in Table 7, the perceived
difficulties in all tasks were considered as moderate to most
difficult depending upon each task assignment. However,
considering the range, some participants rated tasks 1, 3, and 5
as less difficult.

Task

Median (range)

a b~ W N

3(1-7)
6 (4-7)
3(1-7)
6 (4-5.5)
4 (1-5.5)

Moreover, we asked the participants to provide feedback
supporting their ratings. We analyzed their feedback in relation
to cognitiveload. For those who rated tasks asless difficult, the
rational e supporting their perception included the clarity of the
interface, compatibility with their workflow, and the familiarity
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of the task to current practices (eg, creating agroup and adding
a group member). In addition to the perceived task difficulty,
we also observed the distractions during task completion in all
tasks. However, those who perceived given tasks as difficult
provided feedback that certain actions required additional
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resources (eg, time, memory). Participant 2 commented on the
difficulty of converting the date of birth from the Buddhist
calendar year to the Gregorian calendar.

...\\\ell, for entering the date [ of birth], sometimes, |
need time to think and to fill in the information. It
takes time to do so. But we really don’t have a lot of
time for each patient. [Participant 2]

For some participants, typing on a small screen was another
intensive task. Participants reported some difficulty in typing
on the screen. One participant said that hisfingers weretoo big
for the screen, causing misalignment with the keyboard.
Participant 3 compared typing with taking a photo of a
handwriting chart. He felt that writing on paper and taking
pictures was faster than typing. Especially when typing while
meeting patients, the participants felt that they were distracted
by how much attention was required to focus on what was typed
rather than the interaction with the patient. To compromise the
cognitive load during typing, participant 3 decided to keep the
notes concise, for instance, by using abbreviations and short
phrases. It is noteworthy that omitting certain information in
the medical record can cause cognitive load in recalling the
information. For example, time-sensitive information requires
aspecific unit. Participant 2 expressed hisfrustration regarding
the ambiguity caused by lack of contextual information.

...For the question * how long ago did the patient have
surgery? | usually put the unit, like month, in the
chart. If it only has a number, | have no idea what
this number means. For example, if | see number 6,
what does it mean? 6 months? 6 days? or 6 years? |
cannot tell..... It makesit a bit difficult to communicate
with the patient. [Participant 2]

Another incident concerned unfamiliarity with the form creation
process in task 5. MEDIC alows physicians to create a
customized form to collect certain information for further
evaluation. For those who have never created a form before,
they were confused by the terms used in the app, for example,
section, question, dropdown menu, and check box. They spent
agreat amount of timetrying to figure out how to create aform.

Another task that was rated difficult in some responses was
form creation in task 4. A number of participants were
unfamiliar with the vocabul ary and the process of form creation.
For example, the app alowsthe usersto separate aquestionnaire
into multiple sections. However, the assigned scale, Mangled
Extremity Severity Score, contains 4 questions, which do not
require subsections. A couple of participants were confused
about the term “section” in the form creation function. They
took some time to understand the difference between the term
section and question. This is perhaps partly because the items
of the assigned scale are not presented in a question statement
but rather in a heading format (eg, skeletal/soft-tissue injury,
limb ischemia, shock, age), which could be assimilated with
section titles, rather than questions.

A camera can be a useful function to capture patient records.
MEDIC aso provides an in-app camera function so that the
user can embed photos related to patient records. The in-app
camera can save time and cognitive load. However, during the
test of task 3, one participant used a mobile camerainstead of
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the in-app camera. Although the participant was able to finish
the task assignment, it took him extra time and effort to
completely locate the photos as well as upload them into the

app.

Potential I mpact of Using the App on the Current
Workflow

To evaluate user satisfaction with the app, we asked all
participants their opinion about the potential impact of using
the app on the current workflow. All participants tended to have
a positive attitude toward the impact of using the app in their
practice. They thought it would likely improve the efficiency
of the current workflow. The app was preferred to using instant
messaging apps to communicate among physicians regarding
apatient’s prognosis and treatment plan.

...| think it is convenient to usefor consultation across
departments, especially for casesthat need long-term
careand continual discussions. It seemed impractical
to use [an instant messenger app]. The problem is
the chat room contains discussion and records of
multiple cases. So, we have to find relevant
information froma very long conversation. Itismuch
better to get a whole patient record at once.
[Participant 1]
Nevertheless, afew participants (n=3) addressed the point that
familiarity with the app would be the most substantial condition
that affects the efficiency of the workflow. In addition, the
performance of the app was also another factor raised by a
couple of participants.

...Firstly, 1 think it’s about familiarity with the tool.
If you don’t use it every day, you won't get used to it.
Secondly, it depends on the app itself. The issues
related to the app, for example, misalignment of the
interface and delayed or frozen app, forced meto quit
and/or restart it. Anyway, the point is that if you
aren't familiar with it, it will always be difficult to
use. [Participant 2]

Discussion

Feasibility of the MEDIC App Adoption

This study aimed to discover usability issues related to the
smartphone-based physician-to-physician teleconsultation
system, MEDIC, by using a mixed methods approach. From
the summative evaluation perspective, MEDIC seems to be
promisingly satisfactory as an app providing opportunities for
efficient communication among health care providers,
improvement of privacy protection, and increasing accessibility
to patient records outside the clinic aswell asin the context of
long-term care. In addition, MEDIC is designed and perceived
as a patient-centric platform where all related records and
documents are organized for each patient. The participants
generaly compared MEDIC with their current practices in
recording patients recordsand consulting with other health care
providers (ie, paper chart, EMR system, and instant messengers).
Using instant messengers can be frustrating when discussing
multiple issues and cases in one channel. One participant
reported that he normally writes patient records on paper and
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takes photos of the paper using his own smartphone. Although
it can be convenient for capturing data, the quality of the photos
of the records can be poor owing to the capturing process. In
addition, it takes some time to retrieve the photos since such a
process greatly relies on recall and memory. The current EMR
system at the clinic is not portable and is not flexible in terms
of serving specific needs and medical practice.

Usability I ssuesRelated to Mismatched Mental Models

Theresults of participants’ performance (ie, number of screens
used, number of clicks, time used) in relation to the experts
performance can be considered as acceptable, considering that
the majority of them had never used the app before. For
memorability, the resultsyield apositive perspective since none
of the participants forgot any actions that they had completed
earlier during the test. However, usability issues were the most
visible in learnability, errors, and cognitive load. Qualitative
data were very helpful to explore users mental models in
addressing these issues. Although these issues emerged from
theinteraction with MEDIC, most of the feedback can be applied
to smartphone-based teleconsultation systems in general. The
most frustrating task for some participants was creating a patient
evaluation form (task 4) based on the number of clicksand time
spent as well as the comments during and after completing the
task. Although all of them were familiar with the assigned scale,
that is, Mangled Extremity Severity Score, the participantswho
were not familiar with the vocabulary related to electronic form
and questionnaire devel opment (eg, dropdown, checkbox, select
option) found it difficult to understand the interface for thefirst
time. They took alonger time to completeit since they applied
a trial-and-error approach to become familiar with the form
creation process. Nevertheless, they commented that it would
take them only a couple of hoursto get familiar with this task.
Creating ausable data collection form (eg, measurement scales,
guestionnaires) has been reportedly one of the most challenging
tasks in system design and development from a broad
perspective[42,43]. Inaclinical context, numerous established
measurements have been extensively used to assist the delivery
of health care services. Creating a data collection form in a
mobile app based on existing paper-based questionnaires can
be challenging for novice users since it may require a different
mental model [44]. Users may need to be familiar with the
availablefeatures, icons, and labelsto effectively createaform.
To address this issue, an introductory guide or a tutorial video
about form creation could be useful for userswho are using this
function for thefirst time (Multimedia Appendix 1). At the same
time, further studies should be conducted to investigate the
mental models of novice users particularly on creating an
electronic data collection form in health care settings.

Usability I ssues Related to the Screen Size of
Smartphones

Another common error among participants was related to the
limited image resolution of the smartphone. Neither computer
screens nor mobile phoneswereinitially designed to be medical
devices. The display size affects the usability performance in
multiple ways [45], particularly issues related to data
presentation and input. In task 5, we used the image of apelvic
fracture with osteoporosisin aconsultation task. It is noteworthy
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that 4 out of 5 orthopedists failed to recognize pelvic fracture
on the screen, even though all participants increased the
magnification of the image using the zoom-in function. After
this revelation, they commented that they had not seen the
fracture or had not paid attention to it because the image was
too small. This may reflect the observation that the typical size
of mobile phone display may not provide sufficient detail for a
radiographic diagnosis [37,46]. In the acute management of
multiple bone fractures, underlying conditions such as
osteoporosis and other metabolic bone disease should be
investigated preoperatively for proper surgical preparation and
medical management to prevent unexpected complications.
However, Hasselberg et al [15] found that diagnosis validity
does not only depend on technology but also the users
experience and physical ability. Certain solutionswere suggested
to mediate thisissue, for instance, using an integrated DICOM
viewer to provide better contrast, an ability to project onto a
larger screen, and showing an image scale and other contextual
information to raise avareness.

Another related i ssue as a consequence of screen sizelimitation
is the misinterpretation and confusion about the image icons,
which have also been addressed by other studies[7]. Owing to
the limitation of screen size and the large amount of data, the
design team decided to use image icons in place of text labels
extensively in the app, especialy for buttons. The decision led
to issues related to naturalness, lack of information, and
misleading information that are commonly found in other
usability studies on smartphone-based health apps [37].
Participants who were using the app for the first timeindicated
that some of the icons were ambiguous and led to frustration.
Some commented that some icons were too similar. When they
were not sure what these icons were, they normally clicked to
see where the buttons led to. This would cause frustration and
be time consuming if the buttons did not lead to where they
expected. However, some participants were successful in
identifying the icons, referring to contextual elements, such as
location of the icons, displaying content, and nearby icons.
While replacing all icons with text labels would be immensely
challenging, one possible solution isto use hover text, atooltip
text appearing when a user moves the cursor over a button.
However, hover text is still not common in a number of
developing platforms on touch screen devices. Other
recommendations to improve the understandability of icons
include removing unrelated or “ unnecessary” icons, redesigning
the icons to improve the distinctiveness among them, and
providing atutoria guidefor the first-time user. These solutions
are also suggested in other literature to avoid feature fatigue
[47-49].

In addition to data presentation, the low resolution of
smartphone screens can lead to data input errors [50-52]. We
found that typing and clicking mistakes were omnipresent in
all tasks. Participants commented that they usually had typing
issues on their smartphones regardless of the app. They
commented that the on-screen keyboard is too small. It is
important to note that none of the participants used the swipe
type function, where a user can glide his/her finger between
characters. During task 3, one participant put the smartphone
down and jotted down al theinformation on paper whiletalking
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to the simulated patient. He commented that typing on the
mobile phone screen was difficult and required alot of attention.
Typing would significantly distract him from having a
conversation with the patient. Alternative input methods were
also suggested by the participants to remedy this issue, for
example, adding an audio recording function and speech
recognition ability as well as providing contextualized word
suggestions. In addition, conditional formulae, such as
deactivating a button/input when it is irrelevant, would help
reduce errorsin typing and other calculation tasks.

Drawing was a so another input method recommended by the
participants. Although MEDIC allows users to take photos,

Choemprayong et a

some participants commented that taking pictures alone might
not be enough to capture all the information they would like to
add. During the consultation intask 3, one participant mentioned
that he wished to annotate the images taken by either drawing
or typing next to the area of interest (eg, pain site). In addition,
some of the gold-standard diagnostic scales require drawing as
aninput. For example, the Montreal Cognitive Assessment uses
clock drawing to evaluate visuoconstruction skill [53].
Therefore, the next iteration of the app development has added
a drawing function as well as image annotation as shown in
Figure 4. However, it is important to further investigate the
usability of drawing functions on smartphone screens since it
has been reported el sawhere regarding user frustration [7].

Figure 4. A prototype interface for clock drawing in Montreal Cognitive Assessment on MEDIC app.
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Applicability of PACMAD Framework for Usability
Evaluation of Smartphone-Based Telemedicine Apps

In this study, the PACMAD framework was applied to guide
the usability evaluation of a physician-to-physician
teleconsultation app. We believe thisis the first study utilizing
this framework in this telemedicine context. PACMAD seems
to be helpful to explore a broad range of usability issues of
mobile appsin line with the heuristic eval uation approach. There
is currently no specific usability framework specific to
smartphone-based telemedicine apps. Although PACMAD was
devel oped as an evaluation framework tailored to the usability
of mobile apps in general [18], medical apps and systems can
be more sensitive in certain usability aspects, for example,
natural ness, consistency, and error prevention [54]. In addition,
the evaluation in medical context should consider the complexity
of usability from various perspectives, including user skills,
task complexity, data sensitivity, and complicated functionality.
Smelcer et a [23] argued that understanding the depth and
breadth of user knowledge in context is central to the usability
of EMR. There are specific frameworks/guidelines addressing
the usability of medical systems, in particular [55,56], such as
the TURF (task, user, representation, function) framework

https://humanfactors.jmir.org/2021/4/€31130

Unda Claar

[25,40]. Applying these frameworks may have helped explore
the complexity of usability issuesin medical context; however,
these frameworks were developed based on the context of
desktop-oriented or web-based EMRs. Some are designed based
on systemsinteracting with patients (eg, personal health records,
physician-to-patient teleconsultation). It is apparent that
PACMAD is more approachable and applicable to formative
evaluation approaches where researchers are less restrained
from sophisticated constructs and complicated research design.
Even though applying more than one framework may be
achievable, we found that both frameworks are not totally
compatible. For instance, TURF includes both methodol ogical
and constructive guidelines, while PACMAD focuses more on
usability dimensions. It would be ideal to develop a particular
framework to eval uate the usability of medical appson amobile
(and perhaps tablet) platform.

Study Limitations and Recommendations for Future
Studies

The main objective of this study was to explore the usability
issues of MEDIC. Although Nielsen [39] suggests that 5 users
would be sufficient to obtain the majority of issues, we found
that alarger number of participants would enhance and increase
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the reliability of the results, particularly in the quantitative
analysis. In addition, a more heterogeneous sample would be
sufficient to investigate the variation of usability of EM Rs based
on different user characteristics found in other studies (for
instance, between attending and resident physician [57]). In
addition, adthough MEDIC is designed as a
physician-to-physician teleconsultation app, the specifications
and configurations of the app are ill at the early stage.
Furthermore, the tasks were developed in the context of an
orthopedic clinicin alargemedical school. Therefore, theresults
from this study may not be generalizableto alarger population.
MEDIC is not designed to be used as a comprehensive
standal one app but to be used in conjunction with other modes
of communication among physicians (eg, instant messaging,
EMR systems). The feasibility of an integration between
patient-based teleconsultation apps and instant messengers
should be further explored with respect to patient privacy and
safety. Since it seems that screen size plays an essential rolein
the usability issues of smartphone apps, further studies should
investigate alternative measures to prevent errorsin data entry,
which is the most visible and concerning issue found in this
study. Although the display technology of smartphones has
been progressively improved, other modes of data entry such
as voice, drawing, and click-and-point may be considered in
terms of feasibility and usability.

Conclusion

Since this study investigates the usability of smartphone-based
teleconsultation in the early stage of theiterative design process,
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the purpose and approach of this usability study is rather
exploratory than conclusive. While applying a mixed-method
approach to gain a comprehensive perspective across all
usability dimensions, based on PACMAD, we found that the
qualitative data provided insightful perspectives and helped us
discover usability issuesin numerous aspects. In addition, since
the goal of this study was to explore usability issues and the
population was quite homogeneous, the feedback from 5
participants was sufficient to discover usability issues in all
usability dimensions. Although there are a number of
opportunities to improve communication among health care
team membersaswell as between health care professionalsand
patients, we found that the usability issues of smartphone-based
teleconsultation platformsin this study were mostly concerned
with learnability, errors, and cognitive load. We found serious
issuesregarding errors particularly dueto thelimitation of screen
size and resolution. Such limitationsimpact on how physicians
enter and view patient’s records, which subsequently affect the
diagnosis and treatment. Although the limitation of screen size
has already been discussed in the literature, this study provides
empirical evidence from a practicd and user-oriented
perspective. Asin any early stage of devel opment, there are still
numerous opportunitiesfor improvement, particularly regarding
usability. An iterative process is planned to be adopted to
develop the app to be more usable and expandable to a broader
user group.
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Abstract

Background: Embodied conversational agents (ECAS) have the potential to stimulate actual use of eHealth apps. An ECA’'s
design influences the user’s perception during short interactions, but daily life evaluations of ECAs in health care are scarce.

Objective: This is an exploratory, long-term study on the design of ECAs for eHealth. The study investigates how patients
perceive the design of the ECA over time with regard to the ECA’s characteristics (friendliness, trustworthiness, involvement,
expertise, and authority), small talk interaction, and likeliness of following the agent’s advice.

Methods: We developed an ECA within an eHealth self-management intervention for patients with both chronic obstructive
pulmonary disease (COPD) and chronic heart failure (CHF), which we offered for 4 months. Patientsrated 5 agent characteristics
and likeliness of following the agent’s advice before use and after 3 and 9 weeks of use. The amount of patients small talk
interaction was assessed by log data. Lastly, individual semistructured interviews were used to triangulate results.

Results: Eleven patients (7 male and 4 female) with COPD and CHF participated (median age 70 years). Patients' perceptions
of the agent characteristics did not change over time (P>.05 for all characteristics) and only 1 participant finished all small talk
dialogues. After 3 weeks of use, the patients were less likely to follow the agent’s advice (P=.01). The agent’s messages were
perceived as nonpersonalized and the feedback as inappropriate, affecting the agent’s perceived reliability.

Conclusions: This exploratory study provides first insights into ECA design for eHealth. The first impression of an ECA's
design seems to remain during long-term use. To investigate future added value of ECAsin eHealth, perceived reiability should
be improved by managing users’ expectations of the ECA's capabilities and creating ECA designs fitting individual needs.

Trial Registration: Netherlands Trial Register NL6480; https.//www.trialregister.nl/trial /6480

(JMIR Hum Factors 2021;8(4):€24110) doi:10.2196/24110

KEYWORDS
embodied conversational agent; eHealth; self-management; design; daily life evaluation
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Introduction

The number of people having achronic disease, such asdiabetes,
cancer or chronic obstructive pulmonary disease (COPD), is
increasing [1]. COPD is a chronic lung disease that is
progressive, and often accompanied by comorbidities, such as
chronic heart failure (CHF), that further increase the risk of
COPD exacerbations, hospitalizations, mortality, and costs[2,3].
Research showsthat paper versions of exacerbation action plans
tailored for COPD and comorbidities, embedded in a
multifaceted self-management intervention, reduce the duration
of COPD exacerbations and the risk of respiratory-related
hospitalizations [4].

To further facilitate this chronic disease self-management in
daily life, eHealth apps can be used. eHealth apps can provide
patients insight into their behavior and disease by symptom
monitoring, and patient-tailored and accessible support in their
home setting, supervised by their health care professional at a
distance[5]. Although such apps seem promising, many eHealth
appsfacethe problem of their actual use decreasing after several
weeks by alack of user engagement [6-8]. Research indicates
that a patient’s use of eHealth apps is influenced by extrinsic
motivation cues, such as stimulation by care professionals and
fellow patients [5,9,10]. The majority of existing eHealth apps
provide such support in the form of plain text or viaatext-based
guestion—answer module, whereas face-to-face interaction
remainsone of the best waysto communicate health information
[11,12].

A different way of providing (motivational) support includes
the use of embodied conversational agents (ECAs). ECAs are
defined as more or less autonomous and intelligent software
entitieswith an embodiment used to communicate with the user
[13]. By face-to-face interaction with the user, ECAs can build
trust and rapport, that is, agreement or sympathy between people
or groups [14]. By building trust and rapport, they could create
a companionship with the user, leading to long-term and
continuous use[15] and, thereby, stimulate the actual use of the
underlying eHealth app. Just as a human’s appearance affects
how we evaluate a human, an ECA'’s appearance affects how
we evaluate an ECA. When we interact with another human, or
ECA, for thefirst time, weimmediately form initial ideas about
the other [16,17]. Furthermore, when we have a positive
impression about another human, we tend to interact more with
that human. This likely applies to human—agent interaction as
well, such that we interact more with ECAs of which we have
apositive first impression [16,17].

Thus, ECAs have the potential to promote engagement with
eHealth apps. However, arecent review on the design of ECAs
for eHealth [18] shows no clear consensus on the design of
ECAs for eHedth. More specifically, the review states that
emotion and empathic behavior seem to positively affect the
user’s perception of the agent’s characteristics, but that these
design features do not necessarily lead to users behavior
change. Thereview also showsthat studies mainly focus on the
effect of the ECA design at first glance or after short interaction.
But, to gain insight into the possible added value of ECAs in
eHealth, it is important to evaluate how the ECASs should be

https://humanfactors.,jmir.org/2021/4/€24110
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designed for the intended context of long-term usein daily life.
Only one study reports on the design of an ECA for eHealth in
such along-term, daily life setting [19]. In this study, a virtua
hospital discharge nurse discussed the patient’s diagnosis and
postdischarge self-care with the patient once aday at hisor her
hospital bed. In addition, the agent instructed the patient about
medication, follow-up appointments, and self-care procedures
just before hospital discharge. Questionnaires filled out after
the hospital discharge showed that the patient’s perceived
similarity to this agent was significantly associated with the
patients liking the agent and their trust in and desireto continue
with the agent. In addition, perceived similarity was associated
with the patient’s working alliance with the agent—which the
authors define as “trust and belief in working with the agent to
achieve a therapeutic outcome.”

To develop ECAs to support users in self-management of
chronic diseases, such as COPD and CHF, more research is
necessary on how ECA design affects users’ perceptions of an
ECA in the intended context of use: a long-term, daily life
setting. Research should start in early stages of devel opment of
such ECAs, as small-scale eHealth evaluation studies focusing
on usability, feasibility, and end-user experience allow
researchers to gain detailed information that can be used for
further improvement of an eHealth app [20]. The importance
of applying user-centered design (UCD; ie, designing with end
usersinstead of for end users by involving themin all stages of
the development process) is increasingly being recognized to
be valuable in health care [21,22]. By involving users to
participate in the early stages of development, technical flaws
can be understood and overcome [6] and the technology can be
developed in such a way to reach clinical value in follow-up
larger-scale studies.

Thisisafirst exploratory study on ECA design for eHealth in
a long-term, daily life setting. In this study, an ECA is
implemented into an eHeal th self-management intervention for
patients with COPD and CHF, offered for approximately 4
months. The objective of our study wasto investigate how users
perceive the design of the ECA over time. In particular, how
they perceive the agent’'s characteristics (friendliness,
trustworthiness, involvement, expertise, and authority) and the
agent’s small talk, and how likely they areto follow the agent’s
advice.

Methods

Overview

This study was performed as part of the MATCH study. The
aim of the MATCH study was to investigate the feasibility of
an eHealth self-management intervention for patients with
COPD and CHF over a 4-month period. The ECA was
implemented into this eHealth self-management intervention.
The MATCH study was approved by the Twente Medical
Ethical Committee and registered in the Netherlands Tria
register (NL6480).

Participants

People were included for participation in the MATCH study if
they (1) had a clinical diagnosis of both COPD and CHF; (2)
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had at least two COPD or CHF exacerbations or at least one
hospitalization for COPD or CHF in the 2 years preceding study
entry; (3) were at least one week after
predni sol one/antibi oti cs/furosemide course and hospitalization
and at least four weeks after rehabilitation; (4) were at least 40
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had another serious lung disease, (3) expected cardiovascular
intervention within 3 months, (4) were enrolled in randomized
controlled trials or a trial with study medication, (5) were
waiting for aheart or lung transplantation, and (6) received renal
dialysis.

years of age; (5) were able to understand and read the Dutch
language; (6) were able to use a smartphone, tablet, or PC; and
(7) provided written informed consent prior to participation.
People were excluded from participation if they (1) had terminal
cancer or were at the end stage of another serious disease, (2)

TheeHealth-Supported Self-M anagement Intervention

The self-management intervention was offered through an app
on a tablet (eHedth platform, Roessingh Research and
Development, Enschede, the Netherlands) [23] and consisted
of the modules listed in Textbox 1, as can be seen in Figure 1.

Textbox 1. Modules of the self-management intervention.

Self-management module

« Daily symptom diary: registration of symptoms related to COPD (eg, dyspnea, cough), CHF (eg, weight, edema), and common comorbidities
(depression, anxiety) and classification of symptoms in case of symptom deterioration determined by the patient by comparing the symptoms
experienced in the last 24 hours with his or her “usua” symptoms on his or her “what are my “usual” symptoms” card. In case of any symptom
deterioration, patients were asked to classify each symptom as “normal,” “dlightly increased,” or “significantly increased.” The daily symptom
diary was connected to a decision-support system that automatically launched self-management advice in case of worsening of the patient’s
clinical condition (according to symptoms and weight). The automated decision support system was translated from an evidence-based
self-management intervention including paper versions of multimorbid exacerbation action plans for patients with COPD and comorbidities
[4,24].

« Actionlist: alist of actions containing (1) self-management advice determined by the automated decision-support system (eg, initiate self-treatment,
perform relaxation exercises from the exercise module, call the case manager). In addition, the list contained (2) reminders to measure weight
by asmart scale and (3) reminders to complete questionnaires.

«  Phone numbers: to contact health care providers for support.

« Health status: an overview of a patient's health status during the last week, including an indication of no, slightly increased, or significantly
increased symptoms.

Monitoring module

A detailed overview of health status, self-reported symptoms, weight, and received advice.

Inhaler module

Monitoring of and feedback on inhaled medication adherence and technique (add-on sensor for Ellipta Amiko Respiro).

Information module

Presents information about self-management including patients’ diseases and healthy behavior [4,24].

Exercise module

A standardized set of breathing, relaxation, and physical exercises, accompanied by videos and explanation in text.

Activity module

Displays daily physical activity (number of steps measured by the Fitbit Zip).
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Figure 1. Home page of the MATCH self-management application, showing the patient’s health status and action list, and ECA. The ECA, Sylvia,
was always present in the right bottom of the application. The text “click on me” and an arrow pointing to the agent were shown only before the first

interaction with the agent started. ECA: Embodied conversational agent

Self-management

Tel. casemanager: _ Tel. first aid

Latest accomplished

Health status Latest advice

th fr sa su mo tu we

02 03 04 05 06 07 08

may may may may may may may weight weight

O O0l00O0 '®) (8 may 2019) (24 apr 2019)
. = no advice given w.r.t. symptoms = symptoms

Action list

Today:

= no symptoms

mEJeruanepnt Weight Today's steps
100.0 -

(O = diary not filled out

[9:00 Weigh yourself via the smart scale m

[9:00 Please, fill out your symptom diary

Therapy adherence latest 30 days

Latest inhalation:

Inhaler adherence:

Inhaler adherence, only correctly performed inhalations:
% unplanned inhalations:

Patients were advised to use the self-management module daily
by completing the daily symptom diary, monitoring their weight
via the smart scale, and performing the actions on the action
list. Furthermore, they were advised to use the inhaler daily.
The use of the monitoring, information, exercise, and activity
module was voluntarily.

Interaction With Caregiversand Fellow Patients
During Self-M anagement

Patients first attended 3 self-management training sessions (2
group sessions and 1 individual session with the case manager)
that among other things included information regarding their
diseases and training to recognize symptoms and to practice
with using the self-management app. Patients started using the
app after the first (group) session, so that questions regarding
self-management and the technol ogy could be answered during
the next 2 sessions.
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For safety during the period of app use, patients were advised
to call the case manager (or general practitioner outside office
hours) when symptoms did not improve after 2 days of
self-treatment and when they experienced dizziness. In addition,
the case manager checked health status of the patient (in the
app) once per week, and called the patients when they found
this was necessary. During the self-management training,
patients were instructed that they could call the case manager
in case of any questions or doubts. Further, regular health care
(eg, vidits to their pulmonary physicians and cardiologists)
continued as normal during the study.

The Embodied Conver sational Agent

The agent characteristicsfound in the literature were taken into
account (Textbox 2; also see Figure 2) when designing the
current agent in a creative process with the devel opers having
adescription of a persona as outcome.
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Textbox 2. Agent characteristics.

Gender: Female

Research indicates that people prefer ECAs that fit their task-conform stereotypes. For health-related tasks (eg, providing medical advice) female
agents are preferred [25,26], because these tasks are traditionally being undertaken by women.

Age: Young adult

Research indicates that people prefer young agents over older agentsin the context of health, specifically in self-management for chronicaly ill elderly
[27]. Asthe authors explain, ayounger agent might be found more attractive.

Cultural background: Grown up in the Twente region, the Netherlands, living in a terraced house with garden

Research indicates people prefer agents having the same cultural background as themselves [28-30]. The cultural background of the agent is, for
example, expressed in the agent’s small talk: the agent talks about activities and events related to her place of living.

In addition, to establish a full persona, additional characteristics of the persona were created. Two examples of reasoning behind the characteristics
of the persona are given below. The persona used as a guideline to write the dialogues can be seen in Figure 2.

Role: Semiexpert

Because the self-management intervention was supported by a health care professional (nurse practitioner COPD and nurse practitioner CHF), we
decided not to create a second medical expert agent. In addition, the goal of the interactive dialogues of the agent was to support patients. Therefore,
we gave the agent the role of a“semiexpert,” an agent with some experience in chronic diseases (reflected in her career), but that does not act as a
doctor or nurse practitioner.

Energy consumers. Asthma

To trigger users to identify with the agent, we decided that the agent has a chronic lung disease as well. However, to ensure the stories of the agent
would not become too negative, focusing on limitations related to the disease, we decided the agent has a mild form of asthma.

Figure 2. The persona of the agent Sylvia used as a guideline for writing the dialogues.

Age 32 Previous job Pulmonary function analyst
S / . at the hospital in Enschede.
y Role Semi-expert Current job Communication officer at
the lung agency Enschede
Place of residence Enschede, Hobbies Hiking, cooking, reading,
the Netherlands watching movies and series
Place of birth Haaksbergen, Personal Helpful, caring, driven
the Netherlands characteristics
Housing status With husband, Energy Asthma
son and dog. consumers
Education Nursing school Energy Family and friends, helping
boosters others

The ECA, Sylvia, was implemented into the app via the use of
ascalable vector graphics object, including HTML animations.
The agent blinked her eyes every 10 seconds, and moved her
mouth afixed period after anew sentence appears on the screen
(asif shewastalking to the user). The ECA was aways present
in the right bottom on the pages of the self-management app.
Before the user interacted with the agent for the first time, the
text “click on me” and an arrow pointing to the agent were
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shown (Figure 1). After the first interaction, this message
disappeared. When hovering over the agent, the agent increased
insize.

The content and trigger times of the dialogues were created in
collaboration with experts on COPD and CHF to ensure that it
wasin linewith patients' daily practice. Four types of dialogues
could be triggered (Textbox 3; also see Figures 3 and 4).
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Textbox 3. Types of dialogues.

Action reminders

Dialogues in which the agent reminded the patient of performing actions on the action list of the self-management app (eg, completing the daily
symptom diary, weekly questionnaire, or monthly motivation questionnaire; weighing themsel ves; initiating medication for self-treatment of worsening
symptoms; and calling the case manager for support). The agent provided the patient with a general message stating that there were uncompleted
actions on the action list, but did not provide the patient with the actual content of these actions.

Inhaler feedback

Dialogues in which the agent informed the patient about (1) the synchronization of the smart inhaler and (2) the inhalation adherence and technique.
More specifically, the first type of dialogue informed the user when the smart inhaler had not synced for either 24 or 72 hours. The second type of
dialogue informed the user when the inhalation had been skipped for over 2 days, an extra dose had been taken during the last 7 days, the inhalation
time of the last inhalation deviated too much from the average duration of the inspiratory flow, and when the position of the device was not optimal.

Health-related tips

Dialogues in which the agent provided the patient with several health-related tips, such as accessing information sources or small actions to perform
indaily life. Some of thetips referred to information provided at pages in the self-management app.

Small talk

Chitchat dialogues to increase the patient’s engagement [31], stimulating the use of the underlying app. The small talk dialogues were designed as a
daily soap series to trigger the patient’s curiosity about the continuation of the story. The small talk was split up into 7 “episodes,” al containing
multiple dialogue steps around a certain theme (the introduction and Sylvia's housing status, husband, child, neighbor, hobbies, and dog). When the
patient finished an episode of the small talk, the next episode was unlocked the next day. In the meantime, when the patient clicked on the agent, the
agent informed the patient that she does not have time to talk until tomorrow (ie, showed a “wait till tomorrow” message). When the patient finished
all 7 episodes, the agent told the patient that she had nothing more to say.

Small talk dialogues could be triggered by the user by clicking on the agent on the home page of the self-management app. The other dialogues were
triggered by the system at predefined trigger times:

« Actionreminders: 1, 2, and 3 hours after an action was added to the action list and not yet performed;
« Inhaler feedback: when incorrect inhaler use was measured;
« Health-related tips: each day at 15:00 pm;

.  Small talk: each day at 14:00 pm (only when the patient did not yet initiate a small talk dialogue that day by himself or herself and the small talk
was not yet finished).

Each dialogue consisted of one or multiple dialogue steps, speech. An example of the interface of the dialogue step can be
containing one or multiple answer possibilitiesfor theuser. The  seen in Figure 3. Examples of the content of the dialogue steps
agent message was displayed in text and not communicatedvia for every dialogue type can be seen in Figure 4.
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Figure 3. Example of adialogue in which the agent Sylvia reminds the user to perform an action.

Sylvia:

Hello miss de Vries,

It is important to follow the suggested
action(s). Did you do so already? If you have

any doubts about the actions, you may call

your casemanager. You can find his or her

phone number at the top of the homepage.

Your response:

| have already performed the action.

No, | do not understand the action.

o Thanks, goodbye.

Figure4. Anexample diaogue step for every dialogue type that could be triggered.

ter Stal et al

Action reminders

Inhaler feedback

Health related tips

Small talk

Message agent

It is important to
follow the suggested
action(s). Did you

do so already? If you
have any doubts
about the actions,
you may call your
casemanager. You
can find his or her
phone number

You did not take
your inhalation
medication for
two mornings
or evenings. It is
important not
to forget to take
your inhalation
medication,

On the information
page you can find
lots of information
about various
aspects of COPD and
heart failure. Have

a look if you want to
know more about
your disease.

Agent: Nice to meet
you! My name is
Sylvia de Ridder. |
am 32 years old and
I will help you using
the application. |
will remind you of
perfarming actions,
but when you feel
like a chat, you are

at the top of the welcome to come by
homepage. as well!

Reply options - I have already - Iwill try to improve - Show me the - What did you study?

patient performed the my habits. information page. - That sounds great.

action. -ldo not understand - Thanks, goodbye. Are you interested in
- No, | do not how to perform the coaching?
understand the inhalation. - Nice to meet you
action. -ldo not have too. Is your task
- | cannot perform any inhalation related to your job?
the action. medication. - | agree. Talk to you

- Thanks, goodbye.
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Procedure

Figure 5 provides an overview of the study procedure. Written
informed consent from the participants was obtained prior to
study participation. Then, the participantsfilled out the baseline
guestionnaire at home (t0). At this point, the participants had
not yet seen the app and were not aware of the existence of an
agent in the app. The participants were introduced to the agent
for the first time in the baseline questionnaire, as a picture of
the agent was attached to the questionsregarding the agent. The
agent was introduced as a hypothetical coach. During the first
group session (S1) participants received a tablet, step counter
(Fitbit Zip), and smart scale to be used with the app. After this
meeting, the participants could already start using the app and

ter Stal et al

sensorswere provided. In asecond, individual meeting, patients
practiced with using the eHealth app according to their
individual symptoms (S2). In the second group session (S3),
some last questions with respect to self-management and the
technology were answered. After the second group session,
participants received the add-on sensor for the inhaler and
afterward all patients used the app and sensors. Two weeks after
thelast group on (S3), participants received theintermediate
guestionnaire (t1). After 9 weeks of use, users received the
follow-up questionnaire (t2). Technology usage was logged
during the complete period of use. After the end of the use
period, the participants were interviewed by an independent
interviewer (AR) (t3).

Figure 5. The procedure of the study. S1 = first group session, S2 = individual session, S3 = second group session, t0 = start, t1 = 3 weeks from the

start, t2 = 9 weeks from the start, t3 = 15 weeks from the start.

t0 ST S2 S3  3weeks t1
Technology usage -----
v v
Baseline Intermediate
questionnaire questionnaire

Design and M easurements

We used a mixed-method design, combining both quantitative
and qualitative research methods: questionnaires, log data, and
semistructured interviews (Figure 6).

6 weeks t2 6 weeks t3
p Logdata
v v
Follow-up Interview

questionnaire

Figure 6. Study measurements to evaluate the user’s perception of the agent design and the user’s likeliness of following the agent’s advice.

Perception agent design

Agent characteristics Small talk interaction

B LN S 2
Questionnaires Interview Log data Interview

The patient’s perception of the characteristics of the agent and
likeliness of following the agent’s advice were measured via
(1) a baseline questionnaire at t0, (2) an intermediate
guestionnaire at t1, and (3) a follow-up questionnaire at t2.
These paper self-reported questionnaires assessed the patient’s
perception of:

« Five characteristics of Sylvia (the agent in the MATCH
self-management app): friendliness, trustworthiness,
involvement, expertise, and authority.

«  The importance of these 5 characteristics of an ECA for
self-management in general.

+ Thelikeliness of following Sylvia's agent’s advice.

The questions on users' perceptions of these characteristicsand
likeliness of following an ECA's advice were similar to those
of 2 other studies [32,33]. All items were assessed by ratings
ona7-point Likert scale. In addition, the baseline questionnaire
contained questions related to the patient’s characteristics.

https://humanfactors.jmir.org/2021/4/€24110
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Furthermore, small talk interaction was analyzed using (4) log
data. The dialogue history of the small talk of the ECA with the
patient was logged on the server. For each patient, the date and
time of dialoguestriggered by either the system or the user were
logged. Furthermore, the patient’s selected responses were
logged per dialogue step of a triggered dialogue, including a
date and time.

Lastly, the patient’s impression of the agent’s characteristics,
the likeliness of following the agent’s advice, the small talk,
and other design aspects were gathered in (5) semistructured
interviews.

Data Analyses

Statistical analyses were performed in SPSS 25 (IBM). The
respondents’ age was treated as a continuous variable, whereas
all other respondents’ characteristicswere treated as categorical
variables and responses on Likert scale questions as discrete
(ordinal) variables. In the questionnaires, the 5 agent
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characteristics were classified as low (a score from 1 until 3),
neutral (a score from 3 until 6), or high (a score from 6 until
and including 7) on applicability to Sylvia and important
characteristic for an ECA for self-management in general. The
same classification was used for the user's likeliness of
following advice.

For all relations, arelated-samples Friedman 2-way analysis of
variance by rank was performed as appropriate. The
Holm-Bonferroni method was used to correct for multiple
comparisons. the comparisons of the ratings for the
characteristics of Sylvia and ECA for self-management in
general and the likeliness of following Sylvia's advice at tO
(before use), t1 (after 3 weeks of use), and t2 (after 9 weeks of
use).

Theinterviews were transcribed by the interviewer (AR) using
automatic transcription in Amberscript and a manual check
afterward. Another researcher extracted the interview data
focusing on the MATCH agent or ECAsin general (StS). Then,
the remaining interview data were thematically analyzed by 2
researchers independently (StS and MT). All themes were
grouped either under (1) the patients perceptions of agent
characteristics, (2) small talk interaction, or (3) other design
aspects. The themeswere coded retrospectively using ATLASLI
8, based on the steps proposed in [34]: one researcher (StS)
created a first coding scheme and labeled all the data
accordingly. A second researcher (M T) used the coding scheme
to code a subset of the data. Disagreements between the first
and second researcher were discussed and overcome, leading
to an updated coding scheme. The first researcher used that
updated coding schemeto re-code al data entries and the second
researcher then independently re-coded a new subset. Again,
disagreements between the 2 researchers were discussed and
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overcome, leading to the final coding scheme used by the first
researcher to re-code al data one final time.

Results

Baseline Demogr aphics

Eleven patients (7 male and 4 female) completed the study
procedure until t2, of which 9 agreed to participate in the
interview at t3. The age of the participants (n=11) ranged from
49to 83 years (median 70 years). The highest educational degree
for the mgjority of the participants was high school or vocational
education; 1 participant had a university degree. Three
participantslived aone, whilethe otherslived with their partner.
Four participants indicated that their partner is their informal
caregiver, whereas the others said they do not have an informal
caregiver. Self-reported tabl et skillswere high for 4 participants,
3 did not have any experience with atablet yet, and the rest had
some experience.

Patients Perceptions of Agent Characteristics

Table 1 shows the patients' perceptions of the characteristics
of Sylvia and of the important characteristics for an ECA for
self-management in general over time. At t0, t1, and t2 Sylvia
was rated high on friendliness; on t1 Sylvia was rated high on
reliability and low on authority. For all other characteristics,
the median rating of the agent was neutral at t0, t1, and t2. In
addition, at each point in time, the agent characteristic authority
was rated neutral on important characteristic for an ECA for
self-management. Expertise, reliability, and involvement were
rated high on important characteristic for an ECA for
self-management in general. Friendliness was rated high on
importance at t0 and t2, and neutral on importance at t1.

Table 1. Comparison of the patients’ ratings of Sylvia's characteristics and the patients’ ratings of the important characteristics for an ECA for
self-management in genera at tO (before use), t1 (after 3 weeks of use), and t2 (after 9 weeks of use) using a Friedman 2-way analysis of variance by

rank.
Ratings n t0, median (1QR) t1, median (IQR) t2, median (IQR) P val-
ue

Sylvia's characteristics
Friendliness 9 6.0 (4.0-7.0) 6.0 (4.5-6.0) 6.0 (4.0-7.0) 45
Expertise 8 5.0 (4.0-7.0) 5.0 (4.0-6.0) 5.0 (4.0-7.0) A7
Reliability 9 4.0 (4.0-7.0) 6.0 (3.5-6.0) 4.0 (3.8-7.0) 77
Authority 8 4.0(2.3-4.8) 2.0 (2.0-5.5) 4.0(2.3-55) 64
Involvement 8 5.5 (4.0-7.0) 5.0 (4.0-6.0) 45 (3.3-7.0 .68

Important characteristicsfor an ECA for self-management
Friendliness 9 6.0 (4.0-7.0) 5.0 (4.0-6.0) 6.0 (4.0-7.0) 43
Expertise 9 7.0 (7.0-7.0) 7.0 (6.0-7.0) 7.0 (6.5-7.0) 25
Reliability 9 7.0 (6.5-7.0) 7.0 (6.0-7.0) 7.0 (6.5-7.0) 84
Authority 9 4.0 (2.0-6.0) 4.0(1.555) 4.0 (3.0-4.5) 65
Involvement 9 7.0 (6.0-7.0) 6.0 (6.0-7.0) 6.0 (4.0-7.0) 78

Intheinterviews, the patients commented on some of the above
measured characteristics. Weidentified the themes friendliness,
reliability, expertise, and authority. One participant found the

https://humanfactors.,jmir.org/2021/4/€24110

agent (Sylvia) friendly, whereas another did not indicate whether
Sylvia was friendly, but stressed that an agent for
self-management support should be friendly. Furthermore,
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Sylvia was not aways seen as reliable, supported by a
participant indicating that the messages of Sylvia were based
on data from a nonreliable Fitbit. Although Sylvia did not
provide advice based on the Fitbit data, this participant might
have thought this was the case. Another participant indicated
that Sylvia sometimes gave tipsthat did not fit the participant’s
individual situation; for example, suggesting to perform physical
activity when having filled out symptomsin the diary, affecting
the agent’s reliability. One participant especially commented
on the agent’s expertise, calling Sylvia “a stupid woman.” In
addition, one participant commented on authority, saying

She could be your girl next door...If | have medical
complaints, | prefer an authority to explain what to
do or not to do.

ter Stal et al

Small Talk Interaction

Figure 7 shows how many participants unlocked particular
episodes, based on thelog data. Seven out of the 11 participants
did not finish the first episode. Two participants finished the
first episode and, therefore, unlocked episode 2. In addition, 1
participant unlocked the episodes until 4. Finally, 1 participant
finished al 7 small talk episodes. Two participants were shown
a“wait till tomorrow” message, asthey already finished asmall
talk episode that day; one participant saw the message 3 times;
and the other 5 times. Finally, the participant that finished all
dialogues was shown the message that the small talk was
finished for 45 times, meaning this participant clicked on the
agent to receive anew small talk dialogue for 45 times, whereas
the dialogues were finished.

Figure 7. The number of study participants that unlocked a particular small talk episode.
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In the interviews, participants had a few comments on the
agent’s small talk. One person did not notice that Sylviatalked
about her own life. Five participants said they were not
interested in the small talk. However, 2 of them thought that
peoplethat feel lonely might beinterested. One participant (not
the participant that finished all the small talk dial ogues) showed
amore positive attitude toward the agent’s small talk:

Sylvia could talk nicely, shetold me many things, for
example, that she was lonely.

Other Design Aspects

In addition to the agent characteristics and small talk, the
analysisof theinterviewsresulted in the following themes with
respect to the agent design: the agent’ s appearance, frequencies
of the messages, timing of the messages, and the interface
design.

First, the agent’s appearance was evaluated. One participant
preferred to interact with a photo-realistic nurse, instead of a
computer-animated figure, because a photo-redlistic nursewould
make the interaction more personal. The participant al so stated:

| am not impressed by a cartoon figure.
Furthermore, the participant described the agent as

A male or female such as on the doors of bathrooms.

https://humanfactors.jmir.org/2021/4/€24110
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Another participant also preferred the agent to look like anurse;
this participant particularly commented on the agent’s clothing:

Put a white coat and a stethoscope on her.

The participant described that an agent having awhite coat and
stethoscope would look more authoritative than the current
agent in at-shirt. Lastly, 1 participant liked that the agent was
awoman, because the participant hates listening to men.

Second, 2 participants particularly commented on the frequency
of the messages from the agent: in their view, they received too
many messages. One of them indicated that, therefore, he or
she closed the dialogue before reading it.

Third, with respect to the timing of the messages, 1 participant
would like to receive conformation messages when performing
actions (rea-time feedback on actions), whereas another
suggested that the agent should come back to topics discussed
before, asillustrated by:

But, then, ask the next day: ‘Did you read that? Did
you do this?’

In addition, 2 participants indicated that Sylvia provided
unwanted and unsolicited information. One argued that she
started to talk about atopic, regardless of whether the user was
interested in that topic at a particular moment. This participant,
instead, would like to receive the information when asking for
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it. The other participant argued that Sylvia provided advice
when the participant felt well, whereas this participant only
wanted to receive advice when not feeling well. Also, 2
participants said that they did not always have thetimeto follow
the suggested actions or tips when receiving them from the
agent. One was really annoyed when receiving messages, like
“think about your exercises,” straight in the morning, the other
explained:

When | haveto go to work, | do not havetimeto watch
at a 15-minute video.

Finally, 2 participants found it annoying that the agent already
started giving reminders, when opening the app, not having the
chance to even perform the action, illustrated by:

Look, what really bothered me was that, in the
morning, | turned on the device and it [the agent]

ter Stal et al

started with saying: ‘ Did you follow theinstruction?’
Well, | did not see any instruction yet.

Likeliness of Following the Agent’s Advice

Table 2 showsthe results of the related samples Friedman 2-way
analysis of variance by rank, comparing the participant’s
likeliness of following the agent’s advice over time. On t0, t1,
and t2 Sylvia scored neutral. A significant difference (P=.01)
in the distribution of the values over time was found.

As asecond step, pairwise comparisons of t0 and t1, t0 and t2,
and t1 and t2 showed no significant difference between t0 and
t2 (P=.07) and t1 and t2 (P=.48), but did show a significant
differencefor the pair tO-t1 (P=.01). The participant’sindicated
likeliness of following the agent’s advice statistically dropped
at t1 compared with t0.

Table 2. Comparison of the ratings of participants' likeliness of following Sylvia's advice at tO (before use), t1 (after 3 weeks of use) and t2 (after 9

weeks of use) using a Friedman 2-way analysis of variance by rank.

Comparison n t0, median (IQR)

t1, median (IQR) t2, median (IQR) P value

Likeliness of following advice 9 6.0 (4.5-7.0)

3.0 (2.0-4.0) 4.0 (2.5-5.0)

012

gtatistical significance is considered if P<.05.

In the interviews, the majority of the participantsindicated that
they would not follow the agent's advice. Two of them
guestioned the agent’s reliability. In line with this, another
participant (male) indicated that he would first go to a doctor
to verify the agent’s advice of taking prednisolone. Although
it should be noted that the agent did not provide the patient with
advice on taking prednisolone directly, the agent only mentioned
that there was an uncompleted action on the action list, which
might have been taking prednisolone. However, the actual
advice was determined by the automatic decision support
system. Anocther participant argued that the agent did not
respond to user input and, therefore, did not find the agent’s
advice valuable. One participant mentioned not listening to a
cartoon figure, and another stated:

| do not listen to a device, | do listen to people.

Furthermore, a participant indicated that adults have their own
responsibility, and therefore, this participant did not fed the
need for an agent to suggest what to do. One participant argued
not having the time to follow the advice, and therefore, not
seeing the benefits of the agent’s advice. By contrast, 3
participants said they sometimes did follow the agent’s advice.
One of these participants sometimes performed the physical
exercises advised, as this participant valued the exercises.
Another indicated to follow the advice of calling the case
manager or reading information pages, but would not follow
an advice to start prednisolone. The participant said that being
wrongly advised to take prednisolone could have negative health
consequences, believing that the technology’s advice is not
always correct. Furthermore, a participant (female) indicated
to call the case manager if advised, as she would normally also
have done so. As explained before, it should be noted that the
actions of calling the case manager and taking prednisolone
were part of theaction list of the self-management app, but were
not presented by the agent itself.

https://humanfactors.,jmir.org/2021/4/€24110

General Attitude Toward the ECA Design

The last theme we identified was general attitude toward the
ECA design. The theme does not correspond to our main
objective, but we present the findings to provide insight into
the context of the results described above. The interviews show
that the magjority of the participants (n=7) did not think that
Sylviahad any value, illustrated by comments, such as:

| do not have any connection with Sylvia.
Sylviaisnot it.

Arguments supporting this opinion were the agent’s statements
being too obvious, general, or simplistic: aparticipant described
that it was clear that the dialogues were not personalized, but a
result of ageneral set of if—else statements.

Also, Sylvia led to lots of frustration and annoyance, as
supported by statements such as:

| found this femal e extremely annoying.
Sylvia was a very irritating woman.

Frustrationswere caused by Sylviaproviding incorrect feedback
on the inhalations and suggesting actions not fitting the user’'s
health status, asillustrated by a participant:

| thought: “ Gosh, what are you talking about? I'm
not complaining about respiratory problems!

One participant (male) particularly indicated he would like to
switch off the agent. By contrast, the interviews showed some
positive attitudes toward Sylvia. One participant said that the
agent triggered laughing, as Sylviawould adapt the conversation
to the answers given. This participant explained:

Occasionally, if | felt bad, | could laugh again.

This participant also said that Sylvia made the app more
personal, for example, by addressing the user by hisor her first
name:
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It [Sylvia] creates a dightly more informal
atmosphere, which | alwayslike, | feel a bit morefree.

In addition, this participant believes people should get used to
interacting with agents:

When you are at the station, you have this as well
[...]. You enter the station and then you face a digital
agent. Thisissomething we should get used to, | think.

Lastly, participants suggested improvements for the interaction
with the agent. First, 2 participants explained they would like
to be able to type a question in an input field and receive a
personalized answer. One of them sketched ascenario in which
a patient, who is not feeling well, types in a question into an
input field, for example “I am feeling stuffy, but have taken
prednisolone: what should | do?’ and the app would respond
with an answer 24/7. It should be noted that one participant did
not understand that Sylviawas a digital agent. He thought that
Sylvia represented one of the real people involved in the
self-management meetings.

Discussion

Principal Findings

This exploratory study aimed to investigate how an ECA’'s
design is perceived by its users when implemented in a
long-term, daily life setting. Although the results of this study
should be interpreted carefully, as this is a small-scale study,
they provide first insights into an ECA's design for
self-management and guidelines for follow-up work in terms
of both development and evaluation. Our study shows that the
patient’s perception of friendliness, expertise, reliability,
involvement, and authority of the ECA did not change over
time. The mgjority of the userswere not interested in the agent’s
small talk and the likeliness of following advice decreased after
3 weeks of use.

First, our study shows that the perception of the agent’s
characteristics at first glance was similar to that after 2 weeks
and 9 weeks of use, suggesting that the user’s first impression
does not change over time. To the best of our knowledge, there
are no studies on how these perceptions change over time. But,
ter St et a [32] showed that an agent’sdesign affectsthe user’s
perception after short-term interaction, while Zhou et al [19]
showed that this also appliesto long-term interaction.

How do you design an agent for self-management that creates
positive impressions that persist? Our results suggest that an
agent for self-management should be friendly, reliable, and
involved and should have expertise, because patients rated these
characteristics as important. Cafaro et a [35] found that an
agent’s friendliness was related to the user’s number of agent
approaches and likeliness of future encounters with the agent.
In addition, the characteristics expertise, reliability, and
involvement are found to be important aspects of persuasive
systems[36], and eHealth appsin particular [37-39]. However,
taking this together does not provide much evidence on what
agent characteristics are especially important. In our study,
patients gave higher scores for Sylvias reliability and
involvement than for Sylvia s authority. However, patients also
indicated that an agent’s authority is less important than

https://humanfactors.,jmir.org/2021/4/€24110

ter Stal et al

expertise and reliability. This emphasizes the importance for
future ECA design studiesto ask for both the perception of the
characteristics of the agent designed (ie, the scoring) and the
perceived importance of these characteristicsfor an agentinthe
specific context. With respect to the agent’s authority, our study
was indecisive. Different from quantitative data, qualitative
data indicated that patients do prefer an agent portraying
authority. These contradicting results might be caused by the
patients actually meaning that the agent should have expertise,
as they indicate in the interviews that “the agent should have
authority regarding the topic.” Nevertheless, research confirms
that people tend to prefer agents designed to fit their task
[25,26]. In the context of a self-management intervention for
COPD and CHF, we could increase the agent’s expertise by
having the agent wear a doctor’s coat. Whether this actually
results in a better perception of the agent should be further
investigated.

In addition, our study showed that a photorealistic agent could
result in users being more likely to follow the agent’s advice,
compared with a static cartoon. Van Wissen et a [27] indicated
that amore realistic agent appearanceincreases users' likeliness
of following the agent’s advice and leads to increased learning
of students supported by a pedagogical agent [40]. This
increased learning might possibly also apply to a patient’'s
learning about chronic disease self-management. In addition, a
realistic agent appearance leads to higher user engagement
[26,27,41] and a positive perception of the agent's
characteristics, such asitstrustworthiness and competence [27].
By contrast, we should avoid the agent being too human-like,
asthen amismatch between the users' expectations of the agent
and the agent’s actual capabilities—a so-called negative
adaptation gap—could be created, resulting in the users being
disappointed [42]. Future work should investigate the sweet
spot between facilitating expertise (through more realism) and
managing expectations of intelligence (through reduced realism).

Furthermore, our study showed that the majority of the users
was not interested in the agent’s small talk. Although we
expected that the small talk would increase users’ engagement
through compani onship building with the agent [31], this seemed
not the case. A possible explanation might be that the amount
of small talk might have exceeded the amount of health-related
content, and, therefore, distracted the patients from the actual
goal of the app: self-management. We expect that it is better to
adapt the amount of small talk to the user, for example, by
tracking the user’s interaction in the small talk dialogues and
adapting the amount of small talk in the future accordingly (ie,
users that interact in small talk more often receive small talk
more frequently). In addition, the content of the small talk could
be adapted to the user. Research shows that tailoring health
messages toward personal characteristics pays off [43],
suggesting that a user’s demographics might affect the type of
small talk the user ismost engaged by. Future work could focus
on how small talk can be personalized to fit the users' personal
values and interests.

Lastly, our results show that patients were less likely to follow
the agent’s advice over time. We expect that the participants
had a negative adaptation gap, meaning that their expectations
of the agent’s capabilities did not match the agent’s actual
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capabilities[42]. After afew weeks of use, the users might have
realized that the agent’s messages did not always fit their
situation, resulting in adecrease of their likeliness of following
the agent’s advice. In addition, the agent design led to
frustrations, mainly caused by nonpersonalized content and
inappropriate feedback, affecting the agent’s reliability. Such
amismatch of the content of the agent’s message with the user’s
personal situation was also found by ter Stal et a [33] who
evaluated ECAs for health assessment of older adults.
Personalizing the agent by providing more specific feedback
on user input and health-related data (eg, sensor inhaler data)
might improve the likeliness of individual sto follow the agent’s
advice. However, the technology readiness level (TRL) of the
ECA fitsthe exploratory character of the study, asexplained in
the staged approach of telemedicine evaluation [20]. Inthefirst
stages of an telemedicine evaluation (ie, evaluation of feasibility
and user experience), exploratory studiesare used to investigate
and increase quality of technology, whileinlater stages, clinical
value can be researched with more mature technology in
large-scale studies [6,20]. As a conseguence, participants
expectations of the technology, especially that of the agent,
might have exceeded the functionalities and quality of the
technology used. Therefore, we emphasize the importance of
managing the participants expectations of the technology used
in a study; that is, they should match the actual TRL of the
technology. For an agent in particular, it needs to be explained
what the user can expect from the agent, which allows one to
focus on the objective of the study.

Our results underpin the importance of applying UCD methods
throughout the various development phases of eHealth apps
[21]. By incorporating end users early in the development of
an ECA for sef-management, we learned whether our
hypotheses about users' perceptions of the ECA design were
correct and gained new insightsinto how to adapt the design of
the ECA to the end users in a next design iteration. The
importance of such UCD is recognized more frequently in the
field of human—computer interaction, reflected by the
development of standards, such as the |SO 9241-210 [44-46].
As described by Mithun et a [44], the SO 9241-210 clarifies
UCD principles and describes that a design process should be
iterative; the iteration is the review and refinement of design
specifications. Czaja et a [47] stress the importance of UCD
for products targeting older adults. They indicate that older
adults have unique usability constraints compared with younger
adults. Asthey describe, when usability is improved for older
adults, it is aso improved for younger adults. Therefore, they
stress to take into account the context and characteristics of
older adults in the design process. We did so, as many of our
participants were older adults.

Acknowledgments

ter Stal et al

Strengthsand Limitations

The strength of our research isthat we eval uated the perception
of an agent’sdesign at an early development stage with the end
users. Furthermore, participants interacted with an agent in a
daily life setting and during a longer period of use: a setting
which is rare in agent research, mostly consisting of research
on short-term interaction with agents in laboratory settings.
However, thislong-term, daily life setting put quite some load
on participants. Because of the exploratory character of the
study, a limited number of patients participated, which should
be taken into account when interpreting the results. However,
the results can provide guidance for follow-up agent
development and evaluation. Furthermore, participants used a
Fitbit, smart scale, and asmart sensorized inhaler in combination
with the self-management app. Many participants complained
about the sensors not working properly. Thismight have affected
the participant’s perception of the agent, as some of the
messages of the agent were based on incorrect sensor
information. Lastly, the interviews focused on all elements of
the self-management intervention, not specifically onthedesign
of the agent. Not all participants provided information related
to the research question of this study, and, therefore, we should
be careful with interpreting the results of the interviews.

Conclusion

This exploratory study provided first insightsinto ECA design
for long-term, daily use. An agent’s design is important for
patients to establish agood first impression of the agent, which
remains during long-term usage. Based on our findings we
expect that ECAs do have the potential to be used for
self-management, but several design aspects should be
investigated in order for ECAs to become successful for
increasing engagement in eHealth. When designing ECAs for
self-management, we recommend designing an agent that is
friendly, reliable, involved, and that has expertise, such that
designers canimplement and eval uate personalized content and
small talk with sufficient variation, and find a good balance
between small tak and health-related content. Careful
consideration should be given to the apparent realism of the
agent to find the sweet spot between facilitating expertise
(through more realism) and managing expectations of
intelligence (through reduced realism). In combination with
managing the user’s expectations of the agent capabilities, a
personalized ECA design fitting individual needs could increase
the agent’s reliability and, therefore, the user’s likeliness of
following the agent’s advice. This way, the ECA design could
be upgraded to a higher TRL for which the added value and
clinical benefits can be evaluated in future research.
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Abstract

Background: Chronic kidney disease (CKD) is a common and costly condition that is usually accompanied by multiple
comorbidities including type 2 diabetes, hypertension, and obesity. Proper management of CKD can delay or prevent kidney
failure and help mitigate cardiovascular diseaserisk, which increases as kidney function declines. Smart device apps hold potential
to enhance patient self-management of chronic conditions including CKD.

Objective: The objective of this study was to develop a mobile app to facilitate self-management of nondialysis-dependent
CKD.

Methods: Our stakeholder team included 4 patients with stage 3-4 nondialysis-dependent CKD; a kidney transplant recipient;
a caretaker; CKD care providers (pharmacists, a nurse, primary care physicians, a nephrologist, and a cardiologist); 2 health
services and CKD researchers; a researcher in biomedical informatics, nutrition, and obesity; a system developer; and 2
programmers. Focus groups and in-person interviews with the patients and providers were conducted using a focus group and
interview guide based on existing literature on CKD self-management and the mobile app quality criteria from the Mobile App
Rating Scale. Qualitative analytic methods including the constant comparative method were used to analyze the focus group and
interview data.

Results: Patients and providers identified and discussed a list of requirements and preferences regarding the content, features,
and technical aspects of the mobile app, which are unique for CKD self-management. Requirements and preferences centered
along themes of communication between patients and caregivers, partnership in care, self-care activities, adherence to treatment
regimens, and self-care self-efficacy. These identified themes informed the features and content of our mobile app. The mobile
app user can enter health data including blood pressure, weight, and blood glucose levels. Symptoms and their severity can also
be entered, and users are prompted to contact a physician as indicated by the symptom and its severity. Next, mobile app users
can select biweekly goals from a set of predetermined goals with the option to enter customized goals. The user can also keep a
list of medications and track medication use. Our app includes feedback mechanisms where in-range values for health data are
depicted in green and out-of-range values are depicted in red. We ensured that data entered by patients could be downloaded into
auser-friendly report, which could be emailed or uploaded to an e ectronic health record. The mobile app also includes amechanism
that allows either group or individualized video chat meetings with a provider to facilitate either group support, education, or
even virtual clinic visits. The CKD app also includes educational material on CKD and its symptoms.
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Conclusions:
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Patients with CKD and CKD care providers believe that a mobile app can enhance CKD self-management by

facilitating patient-provider communication and enabling self-care activities including treatment adherence.

(JMIR Hum Factors 2021;8(4):€29197) doi:10.2196/29197

KEYWORDS

chronic kidney disease; mobile app; self-management; mHealth; mobile apps; digital health; kidney disease; smartphone

Introduction

Chronic kidney disease (CK D) affects 15% of the US population
and one out of every three US adultsis at risk for developing
CKD during their lifetime[1]. Proper management of CKD can
delay or prevent kidney failure and help mitigate cardiovascular
disease risk, which increases as kidney function declines [2].
However, the complexity of CKD management can be
overwhelming for patients owing to multiple dietary restrictions,
high pill burden, and inadequate disease education. In addition,
CKD is usually accompanied by multiple comorbidities
including type 2 diabetes, hypertension, and obesity [1,3], and
individualized therapies to manage each comorbidity may not
be concordant, which may frustrate the patient. Moreover,
patients with CKD who receive discordant treatment
recommendations owing to conditions that potentially
complicate CKD management—for example, health failure or
cancer—or because of having multiple medication prescribers
have higher risk of health care usage and mortality [4].

Disease self-management is a recognized intervention for
improving health status for individual s with chronic conditions
[5,6]. While definitions of self-management are heterogeneous
[7], the intervention of self-management shifts responsibilities
from providers to patients who guide their care in partnership
with health care providers[8,9]. Self-management may consist
of two overarching domains of care: health care and everyday
life [10,11]. Self-management of health care includes the
interdependent dimensions of (1) communication between
patients and providers, (2) partnership in care, (3) adherenceto
treatment regimens, (4) self-care activities, and (5) self-care
self-efficacy defined as an individual’s confidence in disease
self-management [12]. Self-management of everyday life
involves achieving and maintaining “normality” in usual roles
and functioning within the constraints set by living with a
chronic condition and its emotional ramifications [10].

Improving self-management of both earlier and late stages of
CKD has been associated with better health outcomes[13-18].
In one study, participation in a self-management support
program comprising patient education, telephone-based support,
and peer support was associated with lower rates of CKD
progression [16].

The current pandemic has shown that self-management support
needs to be readily accessible, in the hands of patients, and
should not require extensive time away from home; this support
could potentially be facilitated with a smartphone. In 2021, up
to 85% of Americans owned a smartphone, including 61% of
adults aged 65 years and older and 76% of persons with
household incomes below US $30,000[19]. In 2017, the number
of health-related mobile apps exceeded 318,000, and the number

https://humanfactors.jmir.org/2021/4/€29197

of consumer wearable devices exceeded 340 [20]. In a 2013
survey of US adults, 69% reported keeping track of at least one
health indicator, such as weight, diet, exercise routine, or
symptoms, through their smartphone [21]. Information
technol ogy toolsincluding mobile apps, web-based portals, and
web-based educational or coaching interventions are
increasingly being adopted to support disease self-management,
and growing evidence links their usage to improved clinical
outcomes [22-30]. However, mobile apps for CKD
self-management targeted either specific clinical or health
promotion domains [30,31], did not include the voices of
patients with CKD in the app development process, did not
focus on earlier stages of CKD, did not receive high ratings for
clinical utility or usability, did not address patient safety
concerns, and were devel oped by non-CKD care providers[32].

The overarching objective of this study wasto develop amobile
app to enhance kidney disease self-management for
nondialysis-dependent CKD. The novelty of our work isin the
process of developing amobile app that supportsaholistic care
approach and addresses both clinical care and health behavior
promotion. In addition, the app is designed by persons with
CKD and their providers, including nurses and pharmacists. In
subsequent studies, we aim to assess the usability of the mobile
app among patients with CKD and to describe patient and
provider experiences, and the impact of the mobile app on
improving patient activation and cardiovascular health.

Methods

Development Design

The Agile software devel opment methodology guided the overall
mobile app design [33]. We emphasized a co-design approach
with continuous engagement of stakeholders at every stage of
the development process [34] to deliver a product that is as
user-friendly as possible. Our stakeholder team included 4
patientswith stage 3-4 nondiaysis-dependent CKD and akidney
transplant recipient, a caretaker, 2 primary care physicians, 3
PharmDs, anephrologist, acardiologist, aregistered nursefrom
the nephrology clinic, a researcher in biomedical informatics
(FM), 2 health services and CKD researchers (HK and TM), a
systems developer, and 2 programmers. The providers in our
key stakeholders team were recruited from the Loyola
University Medical Center (LUMC) and patients were recruited
from the LUMC’s nephrology clinic. The study was approved
by the LoyolaUniversity Chicago’sinstitutional research board
and patients and providers provided verba informed consent
prior to participation in the focus groups and interviews. All
members of the stakeholder team owned a smartphone device.
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Data Collection

Two separate focus groups were facilitated by 2 members of
the research team (TM and HK) and a programmer (JB). The
first focus group included patients and a caretaker, and the
second included the registered nurse and the PharmDs. A
member of the research team (TM) conducted semistructured
interviews with the additional stakeholders (2 primary care
physicians, anephrologist, and acardiologist). Our focus group
and semistructured interviews dlicited alist of requirementsand
preferences regarding the content, features, and technical aspects
of the mobile app. Focus groups and interview conversations
were semistructured and completed using aguide that was based
on CKD knowledge and self-management literature, aswell as
the mobile app quality criteria from the Mobile App Rating
Scale[35]. Oneof the programmers (JB) reviewed theinterview
recordings and worked with the other programmer to build the
mobile app (based on partial requirements). The programmer
(JB) met with the research team biweekly, and intermediate
versions of the app were presented to the research team for

Markossian et d

evaluation and feedback; this early version of the mobile app
was then released to our stakeholders.

After the stakeholders had tested the mobile app, we conducted
a second round of focus groups and semistructured interviews
with stakeholders to elicit feedback about the second mobile
app iteration and to identify needed modifications to optimize
its usability and usefulness. Stakeholder recommendations for
modifications were incorporated into a subsequent version of
the mobile app. Becausethe COVID-19 pandemic began during
the study period, the mobile app was modified to include
information about COVID-19 infection and prevention. Focus
group meetings and interviews were audio-recorded and
transcribed verbatim for analysis. Focus groups lasted
approximately 120 minutes, and semistructured interviewslasted
approximately 35 minutes. The patients were provided lunch
and a US $30 gift card to participate in the focus groups. In
Table 1, we present the characteristics of the focus group and
in-person interview participants (N=13).

Table 1. Characteristics of the participants of focus groups and in-person interviews (N=13). Patients with chronic kidney disease were aged 55-76

years.
Characteristics Individuas, n
Patients with chronic kidney disease 5
Gender
Female 1
Mae 4
Race
White 3
Black 2
Hispanic ethnicity 1
Chronic kidney disease stage
Stage 3 2
Stage 4 2
Kidney transplant recipient 1
Chronic kidney disease care providers 8
PharmDs from population health 3
Registered nurse from the nephrology clinic 1
Physicians
Primary care 2
Nephrology 1
Cardiology 1
Data Analysis identified by our research team. Within each category, we then

We used NVivo (version 12, QSR International) qualitative
data analysis software to support the analyses of all the focus
group and interview data combined. Established qualitative
analytic techniques were used, including the constant
comparative method [36]. We deductively developed an initial
code list a priori, which reflected categories of interest on the
basis of elements of our conceptua model, and domains
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inductively developed additional codes and analyzed the text
for themes and patterns. Coding entailed an iterative process
where our codebook was revised to account for novel instances
in the data. We identified key themes and concepts emerging
from the data to generate meaningful categorization of the
barriersand facilitators of CKD self-management and CKD app
content and characteristics [36].

JMIR Hum Factors 2021 | vol. 8 | iss. 4 [€29197 | p.227
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Results

Results Overview

The following themes were identified from the patient and
provider stakeholder focus groups and interviews.

ThemeA: Need for a Self-management App Specifically
Designed for Patients With CKD

Patients described that CK D self-management was multifaceted,
and they spoke about the challenges of having multiple appson
their phone, which track the various aspects of CKD
self-management (ie, tracking their weight, diet, heart condition,
blood pressure, and exercise). As one participant noted, “And
what you need to have, which | have never seen, is some form
of program that addresses people like us. Who have more than
one disease problem.” They also described that they have not
found an app they like to use to track their blood pressure. The
patients in our focus group unanimously expressed that they
thought a CKD mobile app could be helpful for disease
self-management.

Theme B: Barriers and Respective Facilitators, When
I dentified, of CKD Self-management

Example extracts from the transcripts about barriers and
respective facilitators of CKD self-management are presented
in Table 2.

CodeB.1: Healthy Lifestyle|s Challenging

Patients and providers agreed that maintaining ahealthy lifestyle
is challenging, and challenges are amplified in the setting of
diabetes. Most providers acknowledged that poor dietary
management may exacerbate CKD progression. Meanwhile,
patients described the challenges of maintaining a healthy diet
in the context of diabetes.

Code B.2: Early-Stage CKD Is Asymptomatic and Early
Education IsKey

Most providers described that a major barrier for CKD
self-management is the asymptomatic nature of the disease at
early stages. Patients became aware of the seriousness of the
condition only when the disease progressed to | ater stages, when
it was too late to undo the damage caused to the kidneys.

CodeB.3: Social Deter minantsof Health and thel mportance
of Addressing Them

Low income, lack of transportation, language, and lack of health
literacy are barriers for maintaining healthy behaviors, and
availability of trandators and social work referralsfor outpatient
services can help underresourced patients.

Code B.4: I nability to Retain I nfor mation Within the
Context of a Complicated Condition and Limited Duration
of Provider Encounter

Patients described being overwhel med with the information that
the providers share with them during the encounter. However,
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providers discussed limiting the topics that they address during
an encounter because of time constraints and the complexity
and urgency of the patients' conditions.

Code B.5: Need for Easily Accessible Nutrition and CKD
Education for Patientsand Primary Care Providers

Patients described their lack of knowledge about which foods
and medications to avoid and the need for simple, easily
accessible information. Providers described that patients did
not understand how their bodily functions were related, and
simple education about the association between high blood
pressure, diabetes, and CKD would be effective. Providersalso
indicated that patients did not understand the medical indications
for taking certain medications. Patients also need education on
when to contact providers with regard to health concerns. For
example, patients should be taught what blood pressure
measurement threshold warrants an urgent visit to the doctor’s
office or the emergency department. The primary care providers
described that easily accessible guidelinesfor early-stage CKD
management would be useful for their practice.

Code B.6: The Sequalae of Care Fragmentation and the
Importance of Self-advocacy

Patients expressed frustration that they were receiving
conflicting health information from different providersand that
their providersdid not communicate. Providersdescribed similar
situations. Providers also expressed frustration about the lack
of coverage for medical nutrition therapy (MNT) for patients
with early-stage CKD who do not have diabetes or heart disease,
who most benefit from MNT to decel erate disease progression.
One provider also describes difficulties in finding dietitians
with expertisein nondialysis-dependent CKD. Peatients described
poor communication between different providers and felt this
reduced the quality of the care they received.

CodeB.7: CKD Is Stigmatized

Two patients spoke about hiding the CKD condition from their
spouse and family to not worry them. One patient discussed the
stigma associated with CKD and compared it with the stigma
associated with obesity.

Code B.8: Fedling Stressed and Staying Positive

Patients spoke about feeling stressed and low on some days,
and they described that stress impacted their blood glucose
levels and “everything” else. Providers also spoke about the
stressful nature of receiving a CKD diagnosis and theimportance
of maintaining positivity asamotivation for living with aCKD
diagnosis.

Code B.9: Patient and Provider Shared Decision-making

Providers described their preference for a shared
decision-making processto decide on aclinical course of action
and mutual goal-setting as more desirable alternatives than
providing authoritative advice. They also described that patients
goals would be most effective when they are mutually set by
the patients and providers.
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Table 2. Barriers and respective facilitators of chronic kidney disease self-management.

Participant type Example quotes

CodeB.1: Healthy lifestyleis challenging and is amplified in the context of diabetes

Provider o Honestly, I think the number one problemisweight and diet. That's the most difficult thing that we deal with
in primary care.
o Ifl seean obese, diabetic, hypertensive patient...I urge the patient to lose weight, and | tell them usually
THAT sthe central goal in order to improve high blood pressure, diabetes and in turn slow down progression
of CKD.

Patient « I'mtrying to lose weight and when | don't eat, all of a sudden my sugar drops.

CodeB.2: Early-stage chronic kidney disease is asymptomatic and early education is key

Provider «  Patients can keep track of protein intake and their sodium intake, but, the majority of my patients are not
going to when it'san early disease that have no symptoms and they are not facing any imminent kidney issues.
«  Becausethey arenot having symptomdoesn’t mean they are not at risk; so | think that point isreally important
to educate the patients on.

Patient « | think what really opened my eyesiswhen | came to that point where my creatinine, my GFR, got to 15 and
the doctor said you're going to need to go on dialysis.

Code B.3: Social deter minants of health and the importance of addressing them

Provider « | point patients to website to find information. | find that the National Kidney Foundation website has the
most patient friendly information. The problem with the CKD population here at...is that health literacy is
very low. And getting patients access to information is not always hel pful because they are not ableto process
theinformation or retain it.

Code B.4: Inability to retain information within the context of a complicated condition and limited duration of provider encounter

Provider «  They comeinwith chest pain, | can't talk about their kidneys at the same time. At each visit, you have to focus
on what isimportant and you know try to at least touch on many of the other chronic problems as you can.

Patient « You'rehearing from this doctor, you're hearing from that doctor. At the end of the day, you don’'t remember
any of that stuff.

Code B.5: Need for easily accessible nutrition and chronic kidney disease education for patientsand primary care providers

Provider «  Some patients are confused about the correlation between their blood pressure and kidney disease.
. Sometimesit hard to stay on top of every specialist’s recent guidelines.
o | deal with every organ system.

Patient «  Probably nobody here knew you can’t take |buprofen. And we are all probably taking it. Like I'm sore from
exercising, I'mjust going to pop a couple of Ibuprofen.
« | wasdoing everything right and then, what | cometo find out isthat my phosphorus kept staying high. Because
salad dressing has a lot of phosphorusin it.

Code B.6: The sequalae of care fragmentation and the importance of self-advocacy

Provider «  Orthopedic doctor may put them on something that they might not recognize as being a nonsteroidal . It happens
all thetime.
«  Peoplewho are sick enough that they are seeing specialists for other diseases whether its heart failure, or
diabetes or kidney disease, if they are that sick that they need a specialist, then they are hooked up with nutri-
tionists.

Patient «  Onedoctor was giving me one thing, while the other gave me a medication that hurt my kidneys more.
« It'suptoyou, theindividual, to have those doctors communicate with each other.
« | suggested to himthat | want to see a kidney specialist.
CodeB.7: Chronic kidney disease is stigmatized

Patient « | don't see any reason why | haveto stand up and say ‘| amfat'.

Code B.8: Feeling stressed and staying positive

Patient « Andfroma personal level stress very much affect my glucose level.
o It (stress) affects everything.
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Participant type Example quotes

Provider .
something motivational.

Code B.9: Patient and provider shared decision-making

Provider .

Now that you' ve been diagnosed with kidney disease, it's important to maintain positivity...look at that

Probably comes out more as an authoritarian: * You have to monitor these kinds of things. Rather than trying

to work out a sort of agreement with patients.

Theme C: Visually Appealing App That | s Easy to Use

Patients and providers spoke about wanting an app that is
user-friendly, easy to use, and not complicated. Patients also
mentioned their preference to self-navigate the app without
asking the help of their children. Asdescribed in oneinterview,
“You want to go and be able to do this by yourself... | don't
want to load too much on there and it startsto get complicated.”
One patient mentioned her preferencefor an app ina“language’
sheunderstands, “ Get something that isin alanguagethat people
can understand, and they can seethat it's going to help them if
they work with it”

Theme D: Peer Support and Scheduled Educational
Group Meetings With a Provider

Patients discussed the benefits of sharing strategies for CKD
management, including diets and recipes, and recommendations
for doctors with their neighbors, and other patients with CKD.
One patient reported, “Just about every day we congregate at
my house and we talk about these things. We give each other
ideas, and doctors, blah blah, blah. Wetell them to go on men’s
MD, researching so we help each other verbally.” In contrast,
there was mixed enthusiasm for a peer support chat room
embedded in the mobile app. Some patients were in favor of
chatting with a peer through the app, especially on days when
they were “feeling down,” while others were opposed to the
idea. Providers were generally in favor of the concept of peer
support. Nevertheless, both patients and providers supported
the concept of periodic support groups focused on CKD
education delivered by a provider.

Moaobile App Development

Based on these discussions, we used an iterative process to
develop a mobile app for CKD self-management. Textbox 1
shows the features included in the mobile app and the care

https://humanfactors.jmir.org/2021/4/€29197

management theme of the mobile app feature [10]. The
developed mobile app has a simple user interface where the
main functions are accessed through the app’s dashboard that
provides access to measure-specific (eg, glucose and
medications) panels (Figure 1). Each measure’s panel provides
access to a series on controls that facilitate data collection on
the targeted measure. The mobile app user can enter health data
including blood pressure, weight, and blood glucose levels;
symptoms and severity, where the user will receive a message
indicating COVID-19 symptoms or symptoms requiring
physician attention. Next, mobile app users can sel ect biweekly
goalsfrom aset of predetermined goalswith the option to enter
customized goals. The user can also keep alist of medications.

Our app includes feedback mechanisms where in-range values
for health data are depicted in green and out-of-range values
are depicted in red. Certain predetermined goals are linked to
biometric data entered by the user and would indicate green if
the user met the goal. We ensured that data entered by patients
could be downloaded into a user-friendly report that could be
emailed or uploaded to an el ectronic health record, such asEpic,
to facilitate communication with providers. The mobile app
user can determine which data will be included in the report
and dates included. The mobile app a so includes amechanism
to facilitate either group or individualized video chat meetings
with a provider to facilitate either group support or education
or even virtua clinic visits. The CKD app aso included
educational material on CKD and its symptoms and educated
patients on when to contact a provider. The app utilizes native
mobile app controls and design principles. The app is
implemented with simplelanguage and alarge font. The mobile
appisavailablefor iOS devices, and we are developing aversion
for Android devices. Additional details about the mobile app
are presented in Textbox 1.
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Textbox 1. App characteristics aligned with the self-management of health care dimensions. Since the dimensions of self-management of health care
are interdependent, we represented the features of the app under the most relevant dimension.

Communication between patientsand caregivers

«  Downloadable report of health indicators to share with providers (patients can customize which health indicators to include in the report, along
with the monitoring time frame for each indicator) potentially include the following:

o Log of blood pressure with dates

« Log of weight with dates

o Log of symptomswith dates

« Log of biweekly goals with dates

« Log of medications currently taking

«  Disclosure that the app is atool to support self-management and will not substitute medical advice or replace physician consultation

«  Promptsto contact their provider when entering symptoms which are considered emergent

Partnership in care
o Education content regarding the following:

«  Chronic kidney disease: how kidneys function, recognizing symptoms associated with disease progression, managing blood pressure,
medications and supplements to avoid (including herbals, vitamins, and minerals), blood glucose level and implications, chronic kidney
disease—related blood analysis

o Nutrition and recommended diets for patients with chronic kidney disease

«  The concept of self-management and creating SMART (Specific, Measurable, Achievable, Realistic, and anchored within a Time Frame)
goals

« Anxiety and depression
«  COVID-19 symptoms and resources

«  Symptoms most common among patients with chronic kidney disease

Self-care activities
o Setting biweekly goals from alist of pre-existing goals or custom-made goals
«  Tracking and monitoring the following health indicators:
« Blood pressure
« Weight
« Blood glucose
o Tracking physical and mental health symptomsincluding SARS-CoV-2-related symptoms, with amessage of when it is recommended to contact
their care provider
o Tracking flu and COVID-19 vaccinations
«  Tracking and monitoring physical activity (not yet implemented)

Adherence to medication and treatment regimens

«  Maedication tracker and alarm; recommend including all medications currently taking prescribed by all providers

Self-care self-efficacy
«  Periodic synchronous support group meetings with afocus on education regarding chronic kidney disease facilitated by a provider

«  Color-coded reward system (that is linked with health indicators that they tracked) for meeting their biweekly goals (this feature is feasible for
the list of pre-existing goals that could be linked to the health indicators)
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Figure 1. General and educational dashboards of the chronic kidney disease self-management mobile app.

2:52 = -
Dashboard En
% Blood Pressure
" Glucose
@ Medications
T Weight
‘." Symptoms
Discussion

Principal Findings

This study described the iterative process of the devel opment
of a mobile app to facilitate self-management of
nondialysis-dependent CKD. To our knowledge, our study was
thefirst to describe the process of building amobile app specific
for patientswith CKD and isguided by individualswith clinical
and methodological expertise. Our stakeholder and production
team included patients and providers from the entire spectrum
of CKD care, along with health services and bioinformatics
researchers. We used an interactive process among the research
team, software team, and the stakeholders to elicit preferences
and identify the requirements for the mobile app. Our
stakeholders identified themes around the barriers and
facilitators of CKD self-management, along the themes of CKD
self-management of health care domains, which informed the
features and content of our app. Our stakeholder patients and
providers spoke recurrently about theimportance of making the
app visually appealing and user-friendly if patients were going
to useit. Our findings are overall congruent with a systematic
review of information technology solutions used in chronic
self-management programs, which revealed that successful
solutions included the following key components. education,
monitoring, collaboration, and goal-setting [37].

Our findings showed that patientswith CKD need amobile app
that is unique for multiple aspects of disease self-management.
Unlike other chronic diseases, CKD isusually accompanied by
several comorbidities such as diabetes, hypertension, obesity,
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and heart disease and amobile app for CKD must addressthese
multiple facets of disease self-management. Several themes
emerged from our data that further justifies the need for the
CKD app. First, patients need education during the early stages
of CKD to prevent disease progression. Second, education and
communication with providers need to continue outside of brief
clinical encountersto help patientsretain information and utilize
education on disease self-management. Finally, interventions
to improve the health of patients with CKD should include
access to MNT. Currently, multiple mobile apps for CKD care
management are available and have been previously reviewed
[31]. Most existing apps for CKD management were not
designed by patients with CKD and their providers, which is
consistent for most mobile appsfor other chronic diseases[38].
In addition, most mobile apps for CKD do not address both
clinical care and health behavior promotion via motivational
feedback, goal-setting, or interaction with providers[31].

Our CKD app could be used to enhance both clinical care and
health behavior promotion. First, the CKD app provides a
mechanism whereby biometric data, medication use, and
self-reported symptoms can be tabulated in areport that can be
printed or directly uploaded to the electronic health record.
Alternatively, patients can simply bring their phone to aclinic
visit so that providers may review data on the CKD app with
the patient. During aface-to-face or video visit, providers may
a so work with patients to help them set goals on the app, such
as keeping blood pressure at a defined target or losing or
maintaining weight over a set period of time. The CKD app
may also promote healthy behaviors by providing feedback on
biometric data and alerting patients when symptoms may need

JMIR Hum Factors 2021 | vol. 8 | iss. 4 [€29197 | p.232
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

urgent discussion with a provider. The CKD app also has a
webinar function to facilitate group education or peer support.

In subsequent studies, we will examine the acceptability and
usability of the app among patients with early and
advanced-stage CKD, and their providers, the impact of using
the app on behavioral and clinical outcomes and examinevarious

Markossian et d

was the use of small and convenient sample of participants,
which may have limited the generalizability of our findings.
Subsequent studies among patients with CKD, caregivers, and
care providers recruited from a variety of settings would be
necessary to assess the acceptability and usability of the mobile

app.

Conclusions

Nearly al therapies aimed at preventing kidney disease
progression, and decreasing associated complications relies
heavily on patient self-management, including recommendations
for adherence to medication regimens [40-42], avoidance of
further nephrotoxic insults [43] and maintenance of a
kidney-friendly diet [44]. A mobile app that integrates domains
of clinical care and health behavior promotion may be useful
to facilitate CKD self-management, and our mobile app was
developed in close collaboration with stakeholders in CKD.
Future studies are required to examine the value of the mobile
app for CKD self-management.

strategies to integrate the mobile app in the clinical workflow.
Thereisanincreasing interest in shared decision-making among
patients, payers, and politicians, which was codified by
provisionsto promote the adoption of decision aidsin the 2010
Affordable Care Act [39]. Decision aids help patients become
active partnersin medical decision-making and include products
such as educational booklets, tutorials, and mobile apps.

Strengths and Limitations

The strengths of our study include the use of focus groups and
in-depth interviews with patient and provider stakeholders to
solicit multiple viewpoints. One of the limitations of our study
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Abstract

Background: Mobile health (mHealth) apps may provide an efficient way for patients with lower urinary tract symptoms
(LUTS) to log and communicate symptoms and medication side effects with their clinicians.

Objective: The aim of this study was to explore the perceptions of older men with LUTS after using an mHealth app to track
their symptoms and tamsulosin side effects.

Methods: Structured phone interviews were conducted after a 2-week study piloting the daily use of a mobile app to track the
severity of patient-selected LUTS and tamsulosin side effects. Quantitative and qualitative data were considered.

Results: All 19 (100%) pilot study participants completed the poststudy interviews. Most of the men (n=13, 68%) reported that
the daily questionnaires were the right length, with 32% (n=6) reporting that the questionnaires were too short. Men with more
severe symptoms were less likely to report changes in perception of health or changes in self-management; 47% (n=9) of the
men reported improved awareness of symptoms and 5% (n=1) adjusted fluid intake based on the questionnaire. All of the men
were willing to share app data with their clinicians. Thematic analysis of qualitative data yielded eight themes: (1) orientation
(setting up app, format, symptom selection, and side-effect selection), (2) triggers (routine or habit and symptom timing), (3)
daily questionnaire (reporting symptoms, reporting side effects, and tailoring), (4) technology literacy, (5) perceptions (awareness,
causation or relevance, data quality, convenience, usefulness, and other apps), (6) self-management, (7) clinician engagement
(communication and efficiency), and (8) improvement (reference materials, flexibility, language, management recommendations,
and optimize clinician engagement).

Conclusions: We assessed the perceptions of men using an mHealth app to monitor and improve management of LUTS and
medication side effects. LUTS management may be further optimized by tailoring the mobile app experience to meet patients
individual needs, such as tracking a greater number of symptoms and integrating the app with clinicians' visits. mHealth apps
are likely a scalable modality to monitor symptoms and improve care of older men with LUTS. Further study is required to
determine the best ways to tailor the mobile app and to communicate data to clinicians or incorporate data into the electronical
medical record meaningfully.
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Introduction

Lower urinary tract symptoms (LUTS) comprise acomplex and
heterogenous syndrome, including urinary urgency, urinary
frequency, weak urinary stream, hesitancy, straining, incomplete
bladder emptying, nocturia, and urinary incontinence[1]. LUTS
are chronic and progressive[2], and they affect asmany as 72%
of men over the age of 40 years [3]. First-line treatment for
LUTS due to benign prostatic hyperplasia (BPH) includes
medical management with alpha-1-andrenergic receptor
blockers, such as tamsulosin. Although some men achieve
symptomatic relief with thisregimen, many do not, and placebo
effects make it difficult for patients and their providers to
determine true clinical response [4]. More than 10% of men
taking tamsul osin will also suffer from undesirable side effects,
such as dizziness, orthostatic hypotension, headache, sexual
dysfunction, and rhinitis. In addition to contributing to
unnecessary polypharmacy, these potential side effects can be
debilitating and a major concern for patients with LUTS,
especialy in older men or men who achieve minimal or no
symptomatic relief from tamsulosin [5]. Thus, successful
management of LUTS requires a balance of both benefits and
harms from interventions, including tamsulosin, which are
highly variable between individuals and may not be accurately
communicated or recorded during routine medical encounters.
Lowering barriersto improve communication of symptomsand
medication side effects may improve understanding and
adherencein asignificant proportion of men who areincorrectly
labeled asrefractory to medical LUTS management. In addition,
mobile apps may increase patients’ awareness of variability in
symptom severity, identify triggers of symptoms or side effects,
assist clinicians by quantifying the efficacy and adverse effects
of LUTSinterventions, and ultimately facilitate shared decision
making based on whether amedication is continuing to provide
net benefit to the patient.

Mobile apps are increasingly used to monitor symptoms and
side effects in a wide range of urologic conditions. For men
with LUTS, mobile apps have been successfully used to
administer questionnaires [6], increase peak flow rate (ie, with
the sound of running water) [7], and guide clinical decision
making [8]. Given these findings, a well-designed and
thoughtfully implemented mobile app could streamline the way
that patients report symptoms and improve characterization of
LUTS severity and variability. In addition, mobile health
(mHealth) apps may provide an efficient mechanism to generate
arepository of patient data that could be used to identify new
LUTS phenotypes, define treatment response or harms, and
ultimately help clinicians tailor medical management.

To our knowledge, the use of mobile apps to track symptoms
and side effects in men with LUTS has not been studied using
qualitative methodology. Qualitative studies are uniquely
equipped to explore the patient perspective and help ensure that
future intervention designs are grounded in the patient

https://humanfactors.jmir.org/2021/4/€30767

experience. Thus, we designed the Placebo-Controlled,
Randomized, Patient-Selected Outcomes, N-of-1 Trials
(PERSONAL) pilot study, a 2-week intervention to determine
the feasibility and acceptability of daily LUTS severity and
tamsul osin side-effect assessment through amobile app among
older men with LUTS receiving chronic tamsulosin therapy.
Following this study period, we aimed to explore the men's
insights about using an mHesalth app to track their symptoms
and medication side effectsviainterviews. Here, we present the
findings and implications of the first mixed methods study
exploring the experience of men with LUTS after using an
mHealth app to track their symptoms and medication side
effects.

Methods

Study Design

A convenience sample of 19 men was recruited from an
academic urology clinic for the PERSONAL pilot study.
Recruitment wastargeted at men with LUTSwho may beunsure
if the benefits of tamsulosin outwei ghed the harms, specifically
older men who were both receiving chronic tamsul osin therapy
and interested in tracking their daily urinary symptoms and
tamsulosin side effects outside of regular clinic visits. Men were
eigibleif they weretaking tamsulosin for LUTSfor at least 12
months, received care from a urologist at our institution, and
had previously consented to being contacted for research
purposesviathe electronic medical record. The sample sizewas
based on feasibility of recruitment. Additional inclusion and
exclusion criteriaare outlined in Multimedia Appendix 1. First,
the participants completed a baseline survey describing their
LUTS severity and medication side effects; in the same survey,
they selected up to three individual symptoms and three
tamsulosin side effects to track daily for 2 weeks. Then, the
participants underwent an orientation phone call to set up the
PERSONAL mobile app; they were guided on how to use the
app and had the opportunity to ask questions. The participants
received daily questionnaires through the mobile app at a
prespecified time of their choice, and the questionnaire data
from @l participantswere then collected in asecure cloud-based
database made accessible to the research team; participants
could review their own results throughout the study period.
Additional study design details were previously published [9],
and results pertaining to the PERSONAL pilot study itself will
be published in a separate manuscript.

Interviews

To gain a more nuanced understanding of participants
experiences using the PERSONAL mobile app following the
2-week data collection period, semistructured feasibility
interviews were administered by telephone, ranging from 10 to
30 minutes. The interviewer (EY W) was amedical trainee and
research associate with formal qualitative research training, who
had no interactions with the participants prior to the interviews.
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The interview guide is available in Multimedia Appendix 2.
Responseswererecorded in REDCap (Research Electronic Data
Capture) and field notes were made afterward. Due to the
relatively structured nature of interview questions, qualitative
responseswere comprehensively transcribed in REDCap during
the phone interviews, but were not audio-recorded. EYW
manually coded these open-ended responses using adata-driven
approach; codes were iteratively refined into themes. EYW
reviewed codes and themes intermittently with coauthors SAK
and SRB.

Statistical Approach

Continuous variableswerereported using median and IQR, and
categorical datawere summarized using frequencies. Thematic
analysis of open-ended questionsyielded 22 codes, which were
refined into eight themes. EY W completed initial coding; codes
and themes were finalized in discussion with coauthors SRB
and SAK. Qualitative data were integrated relative to
guantitative responses[10]. The study isreported in concordance
with the Consolidated Criteria for Reporting Qualitative
Research (COREQ) checklist [11].

Results

All 19 participantswho participated in the 2-week PERSONAL
pilot study completed poststudy interviews; their demographics
and self-selected symptoms and side effects are reported in
Table 1. All participantsfound the setup process easy viaphone
orientation; the mgjority of participants (n=15, 79%) reported
noissuesat all, and 4 participants (21%) mentioned minor initial
issues, which were easy to resolve (device incompatibility,
asked partner to help download app, etc). Some participants
suggested an online video or awritten document in addition to
the phone orientation. Stated reasons for wanting a written

https://humanfactors.jmir.org/2021/4/€30767
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document included lower English proficiency and to have
materials for future reference.

About two-thirds of participants felt that the questionnaires
werejust theright length, and about one-third felt that they were
too short; the latter participants reported concerns about
adequate detail or the appropriate gradations used in the
guestions and answer choices, commenting that those with
milder symptoms might prefer additional gradations on the
lower end of the spectrum. Some participantsreported frustration
about the side-effects questions, as they had difficulty parsing
out which side effects to specifically attribute to tamsulosin. A
few men were willing to log answers for seven to eight
symptoms and side effects rather than the recommended limit
of three. About two-thirds of participants set app notifications
for mornings, which they found particularly useful for reporting
nocturnal symptoms, such as nocturia.

Some participants reported that they did not receive daily
notifications via the mobile app due to technical difficulties,
but the large majority of participants completed the
guestionnaire by “habit” at the same time every day—no
participants logged responses purely as an immediate response
to bothersome symptoms. Out of 19 participants, 9 (47%) felt
that this app changed their perception of their health or LUTS
management; 8 of these 9 patients (89%) reported increased
awareness of symptoms and 1 participant (11%) was able to
adjust hisfluid intaketo improve LUTS. All participantswould
bewilling to share datawith their clinician to complement their
usual care.

Almost half (8/19, 42%) of the participants reported prior use
of other health apps or devices. When prompted to compare
those experiences with the study app, most agreed that this app
had asimpler interface than othersthey had encountered, though
1 participant (5%) noted that the app may still be inaccessible
in populations with lower English proficiency.
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Table 1. Participant demographics and responses to structured interviews.

Wang et al

Characteristic Value (N=19)
Age (years), median (IQR) 70 (62-75)
Race, n (%)
White 13 (68)
Black 0(0)
Asian 3(16)
Other 3(16)
Ethnicity, n (%)
Not Hispanic, Latino, or Spanish 16 (84)
Mexican, Mexican American, or Chicano 1(5)
Puerto Rican 1(5
Another Hispanic, Latino, or Spanish origin 1(5)
Preferred orientation format, n (%)
Online video 10 (53)
On-demand phone support 6(32)
I n-person demonstration 4(21)
Phone orientation 3(16)
Length of daily questionnaire, n (%)
Took more time than it should 0(0)
About right 13 (68)
Took less time than it should 6(32)
Time of day questionnaire usually completed, n (%)
Morning 13 (68)
Afternoon 1(5)
Evening 4(21)
Sporadic 1(9
Frequency of app usage without alert or notification, n (%)
Never 6(32)
A few times per week 11(58)
More than half of the days per week 1(5)
Once per day 2(11
2-3 times per day 0(0)
More than 3 times per day 0(0)
Usefulness of urinary symptom assessment®, median (IQR) 4(4-4)
Usefulness of medication side-effect assessment® median (IQR) 4(2-5)

Reported change in urinary symptom management due to the use of the PERSONALP app (during the 2-week study), 9(47)

n (%)
Would alow clinician to see PERSONAL app data, n (%)
Reported use of other health apps or devices, n (%)
Other health appsor devices, n (%)

Fitbit

Other®

19 (100)
8 (42)

4(21)
6(32)
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PPERSONAL: Placebo-Controll ed, Randomized, Patient-Sel ected Outcomes, N-of-1 Trials.
COther health apps or devices include Fitbit-like device, Apple Watch, MyFitnessPal, Brainscape, and the iPhone heart rate monitor.

The qualitative analysis generated eight themes (ie, orientation,
triggers, daily questionnaire, technology literacy, perceptions,
self-management, clinician engagement, and improvement) and
22 codes organized into three categories (ie, mHealth app,
clinical use, and next steps) whose relationships areillustrated
in Figure 1. Definitions for themes and select quotations
organized by code are included in Table 2. For example, under
the theme “ perceptions’ and code “ usefulness,” one participant
said, “I learned some things that | didn't know about my
condition before; | was surprised about what | learned about

my symptoms—'cause then | can talk to my doctor about it.”
Under thetheme*“ clinician engagement” and code“ efficiency,”
another participant said, “I think it would help that we would
be looking at this issue a little more closely as opposed to a
casual conversation during the visit. | think the doctor would
be able to monitor the frequency of symptoms|’m having either
throughout the night or the day and we can decide if the dosage
needs to be changed.” Additional quotations are presented in
Multimedia Appendix 3.

Figure 1. Codes and themes generated from the qualitative analysis. Orange boxes represent themes and blue boxes represent codes.

MOBILE HEALTH | orientation | | Triggers 1 Daily Technology
APP questionnaire literacy
| Setting up app | | Routine/habit | Reporting

symptoms
S
Reporting side
Symptom effects
selection
Side effect
selection
Y
Self-management Clinician
relevance
Other apps
¥

Reference Flexibility

| | Language | Management Optimize clinician

materials
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Table 2. Selected participant quotations organized by themes and codes.

Themes and codes Quotations
M obile health app

Orientation : participants discussed the orientation process, from the assistance they received while setting up the app to the symptom
and side-effect selection
Setting up app “Fairly easy. Good to have someone on the other line to take me through it step by step.”
“Instructions were very straightforward, and the graphics were easy to read.”

Format “Theway it was done in the study was good: email and phone orientation.”
“Would prefer written documentation in case there were issues.”
“Send link by email and | can follow instructions—| don’t need any human contact.”

Symptom selection “Disappointed that it was limited to three, would have done up to seven to eight.”
“1 have more symptoms than the survey asked about—the top three weren't enough for me.”
“The more items | was keeping track of, the more | was attuned to my symptoms, so more questions
would be good.”

Side-effect selection “Would have preferred to track more side effects. Initially thought some of these were just symptoms,
not side effects, like runny nose. | also have alergies, but definitely could have been tamsulosin.”

Triggers: participants discussed their experiences and preferences regarding reminder s and notifications from the mobile app

Routine or habit “Never received notifications, | went in and answered by habit.”
“Just did the questions before bed, whether | got the notification or not yet that day. | was getting daily
notifications”

Symptom timing “Sometimes | would remember to answer questionsin the morning before the notification—my symptoms

were mostly during the night, so | remembered to log in the morning.”
Daily questionnaire : participants discussed their experiences completing daily questionnaires within the mobile app

Reporting symptoms “Asked about symptoms that weren't applicable and did not ask about leakage.”
“Maybe some questions seemed like they would be too simple for others but were good for me.”
Reporting side effects “Impossible to answer—whatever side effects could be caused by other things. All of that was kind of
irrelevant—couldn’t relate anything to Flomax.”
“Hard to distinguish which symptoms are from what.”
Tailoring “Frustrated because some issues were not questioned in the survey. Not sureif I’m having them because

of meds or not. The survey was simplistic, basic. Would have preferred more depth—and to be able to
note the thoughts before this interview.”

“Some questions didn't apply.”
Technology literacy: participants discussed their ability to engage with technology
N/AR “It's very easy for everybody, even people like me, old and not very good with technology.”

Clinical use
Perceptions : participants discussed their perceptionsasaresult of using the mobile app

Awareness “Brought more awareness to the issue; and now | think about it more than before. | kind of wonder how
much it affects my sleep and it brings the awareness to the forefront.”
“Became more attuned to your symptoms, more attentive—had never previously paid attention.”
“Made me more aware of thetopic.”
“Made me more conscious of [symptoms]. Haven't seen a doctor in awhile, keeps the issues fresh on
my mind so | can track them.”

Causation or relevance “No relationship between what Flomax does. The app tells you what you're feeling but doesn’t say why
you feel that way.”
“1 didn’t know if | was getting side effects, and | didn’t know if they were related to the meds or just
overall bladder problems; no baseline to compare to”P

“What if you take eight meds? Thisisjust one medication. Lots of meds have the same side effects, ie,
headaches, dizziness”
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Themes and codes Quotations

Data quality “The questions were limiting. The number of options for getting up at night were recorded as arange
of numbers rather than a precise number. Trying to track things means you want to be more specific.”

“[Would prefer] having more longitudinal data—duration of symptoms.”

“Do you have this problem O times, 1-2, et cetera, well geez I'm more like 0-1, but there’s no way to
put 0-1. Having a selection process that takes in the range of options, | would suspect most people the
frequency is variable from day to day. So, if you have 0-2, that certainly includes 0-1 and 1-2, and |
would think that frequency question should be taken into account, maybe the lower levels more inclu-
sively, rather than feeling like there’s a gap or uncertainty in the choice”

Convenience “Would have loved to continue this study, if possible, | could always record on paper but it's not as
convenient. With the app, it'sjust clicking buttons.”
“It was short enough to stick to every day.”

Usefulness “1 learned somethingsthat | didn’t know about my condition before; | was surprised about what | learned
about my symptoms—'cause then | can talk to my doctor about it.”

“Same answersevery day. It'saone-way survey, not adialogue—not sureif the answers are good enough
to change management.”

“Nice to have atool to help with aging issues.”

Other apps “The PERSONAL app is more user friendly, and you only have to provide simple responses”

“This app was very basic, not even an app, just aquestionnaire. An app tries to change behavior—there
was nothing in the app that seems to have any influence on behavior.”

Self-management: participants discuss using the questionnaires to guide self-management

N/A “More awareness of symptoms—the morning timing is very appropriate for answering the questions.
So maybe that day based on my doctor’s recommendations | will change my diet, for example, citrug/salt
changes. | analyze why certain nights are worse than others.”

N/A “1’m going to talk to my doctor and tell him that | did thisand tell him what | learned.”
Clinician engagement: participants discusstheir preferencesfor clinician engagement

Communication “1 would like my doctor to have every scintilla of datathey can have.”
“1t made me more aware of leakage, because of incomplete emptying, and | want to share thiswith her.”
Efficiency “It would help: the more that you can do electronically to help your doctor, the less time they have to
spend on the office visits, especially given how busy they are. That would be helpful in monitoring.”

“1 think it would help that we would be looking at thisissue alittle more closely as opposed to a casual
conversation during the visit. | think the doctor would be able to monitor the frequency of symptoms
I’m having either throughout the night or the day and we can decide if the dosage needs to be changed.”

Next steps

Improvement: participants discuss potential areas of improvement for the mobile app and itsintegration into clinical care

Reference materials “Maybe save [the symptom list] for participants so they can reference which were symptomsversus side
effects”
Flexibility “More open ended, the questions from the app were overly simple.”

“Wanted afternoon/evening reminders, but was getting them in the morning, but | was reflecting on the
day before rather than for the next 24 hours and that based on the person who set it up and | thought we
could change it from AM to PM.”

Language “Based on experience as anurse in Oakland where 90% of patients were Spanish speaking, many under-
served patients over the age of 60 would not be able to benefit from this app asit currently stands.”
“Because Englishisn’t first my language, something to read would be best so | can look it up on Google
Trandate”

Management recommendations  “There were no directions on how to manage one's symptoms based on the answers.”
“Maybe add questions in the app about how many cups of water to better help with management; could
have scores/goal s incorporated in the app to keep you on track, like Fitbit.”

Optimize clinician engagement “Yes—of note, | had a video appointment with my urologist during the 2 weeks, and told him about the
study. My urologist’s reaction was ‘ zero' because the urologist didn’t know what it was.”

3N/A: not applicable; there were no codes under this theme.
bN-of-1is supposed to help establish a baseline to help reduce this type of confusion.
®PERSONAL : Placebo-Controlled, Randomized, Patient-Sel ected Outcomes, N-of-1 Trials.
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Discussion

In sum, mHealth appsmay play animportant rolein the chronic
management of LUTS. In this study, the key themes that
emerged from our qualitative data were (1) orientation, (2)
triggers, (3) daily questionnaire, (4) technological literacy, (5)
perceptions, (6) self-management, (7) clinician engagement,
and (8) improvement. Consistent with prior literature [12,13],
our participants had adequate technology literacy to use this
app on adaily basis. The questionnaires were short enough for
daily adherence, though a subset of participants with more
severe or poorly controlled symptoms believed the
guestionnaires were not encompassing enough. These
participants either felt that the app’s closed-ended question
format impeded accurate reporting, that they wanted to track
symptoms that were not selected, or they wanted to track
symptoms in addition to the ones selected. Given the desire for
increased flexibility in communication, certain patients may
benefit from a free-text or messaging option. Some patients
taking multiple medications expressed frustration at not being
able to differentiate which side effects were attributable to
tamsulosin, further supporting the need for individualized
tracking and potentialy individual crossover trials (eg, N-of-1
studies). Patients with prior experience logging health
information on a daily basis mentioned that mobile apps are a
great way to store dataand communicate important information
with their clinicians, especially compared with recording on
paper. Participants with more severe symptoms seemed less
empowered to use their daily logs to change management,
potentially because even their clinic visits with their clinicians
failed to yield symptomatic improvement, among other reasons.

Most American men and adults over the age of 65 years own a
smartphone [14]. Mobile apps are widely used by the general
public, and the number of urology-related mobile apps has
multiplied in recent decades [15]. These apps support patients
with a wide range of urologic conditions, but their usage is
unstandardized and unregulated [16]; in addition, mobile app
usage remains inconsistently integrated with routine clinical
care[17].

Studies support the need for expert involvement in mobile app
development, dissemination, and regulation [15,16,18,19]. In
our study, patientswere unanimously willing to sharethis health
data with their clinicians with the goal of optimizing their
urologic care. Likewise, in a British study, urologists reported
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considerable interest in incorporating various mobile appsinto
their urologic practices [20]. Leveraging the doctor-patient
relationship in the early phases of using the PERSONAL app
would likely mitigate both patient confusion regarding which
symptoms are medication side effects versusisolated symptoms,
aswell asclinician confusion when their patients ask to discuss
data from amobile app they are using to track their symptoms.
Becoming more aware of symptoms viaa mobile app may also
help patients hone their questionswhen visiting their physician.
Ultimately, mobile apps may become animportant part of LUTS
management, such as motivating patients and providersto stop
chronic tamsulosin therapy if it is no longer helpful or causing
nonspecific yet bothersome side effects. Tracking symptoms
regularly using an mHealth app could aso potentially help
identify low-frequency, but serious, events associated with
tamsulosin use, such asfalls[21].

This study offersinsightsinto the benefits and patient concerns
associated with tracking symptoms via a mobile app among
older men with benign urologic conditions, but there are some
limitations.  Traditionally, qualitative interviews are
audio-recorded unstructured or semistructured interviews. Given
the focus of the study, the homogeneous population, and the
strong convergence of responsesaround afew common themes,
we likely reached data saturation among 19 participants [22].
We solicited a wide range of responses, but less structured
interviewsin more diverse patient popul ations are warranted in
future studies; additional qualitative studies involving clinical
providers could inform the best ways to incorporate the use of
mobile apps into clinical care. While qualitative interviews
allow study participants to discuss their experiences in more
depth, some participants may have felt less candid than they
would answering an online form.

Despite the limitations, thisis the first mixed methods study to
examine the use of a mobile app to track symptoms in older
men with LUTS. Importantly, these results suggest that mobile
apps designed to improve symptom awareness and management
may be adapted to benefit older men with LUTS due to BPH.
As the use of mobile apps becomes increasingly popular, their
usagein the health care setting will require further optimization.
Tailoring to individual patients’ health and technology literacy
levels, language proficiency, and symptom severity will be
critical to maximizing the efficacy of these digital interventions.
Incorporating the use of apps into clinical practice may play
another important role, pending future study.
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Abstract

Background: Readily available testing for SARS-CoV-2 is necessary to mitigate COVID-19 disease outbreaks. At-home
collection kits, in which samples are self-collected without requiring alaboratory or clinic visit and sent to an external laboratory
for testing, can provide convenient testing to those with barriersto access. They can prevent unnecessary exposure between patient
and clinical staff, increase access for patients with disabilities or remote workers, and decrease burdens on health care resources,
such as provider time and personal protective equipment. Exact Sciences devel oped an at-home collection kit for samples to be
tested to detect SARS-CoV-2 that includes an Instructions for Use (IFU) document, which guides people without prior experience
on collecting anasal swab sample. Demonstrating successful sample collection and usability iscritical to ensurethat these samples
meet the same high-quality sample collection standards as samples collected in clinics.

Objective: Theaim of this study was to determine the usability of a SARS-CoV-2 at-home nasal swab sample collection kit.

Methods: A human factors usability study was conducted with 30 subjects without prior medical, laboratory, or health care
training and without COVID-19 sampl e self-collection experience. Subjects were observed while they followed the IFU for the
at-home sample collection portion of the SARS-CoV-2 test in a setting that simulated a home environment. |FU usability was
further evaluated by requiring the subjects to complete a survey, answer comprehension questions, provide written feedback, and
respond to questions from the observer about problems during use.

Results: All 30 subjects successfully completed the sample collection process, and all 30 samples were determined by reverse
transcription—polymerase chain reaction (RT-PCR) testing to meet quality standards for SARS-CoV-2 testing. The subjects
written feedback and comments reveal ed several recommendations to improve the | FU.

Conclusions: The study demonstrated the overall usability of an at-home SARS-CoV-2 collection kit. Various feedback
mechanisms provided opportunities to improve the wording and graphics for some critical tasks, including placing the label
correctly on the tube. A modified IFU was prepared based on study outcomes.

(JMIR Hum Factors 2021;8(4):€29234) doi:10.2196/29234

KEYWORDS
COVID-19 testing; at-home collection kit; SARS-CoV-2; feasibility studies; self-collection; usability study; COVID-19

Introduction

The global pandemic caused by SARS-CoV-2 has resulted in
223 million confirmed cases of COVID-19, including 4.6 million
deaths, as of September 2021, according to the World Health
Organization [1]. In the United States, there have been more
than 40.3 million reported COVID-19 cases and more than

https://humanfactors.jmir.org/2021/4/€29234

649,000 deaths as of September 2021 [1]. The transmission of
COVID-19 has been shown to be contained with acombination
of isolation practices, including wearing masks, physical
distancing, and lockdown measures [2], and widespread
immunization with effective COVID-19 vaccines [3]. In the
United States, more than 175 million people have been fully
vaccinated as of September 2021 using one of three COVID-19
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vaccines [4-6] currently authorized for emergency use by the
US Food and Drug Administration (FDA)—in August 2021,
the FDA approved Comirnaty, known previousy as the
Pfizer-BioNTech COVID-19 vaccine, for individuals 16 years
of age or older [7].

Despite thismonumental progress, significant challengesremain
to manage the ongoing pandemic. Many eligible Americans
have not been vaccinated [ 1], and the emergence of increasingly
virulent strains, including the Delta variant [8], have resulted
in increased hospitalizations and deaths throughout the United
States[9,10]. Widespread testing can help public health officials
to better monitor the progression of the pandemic, identify
emerging variants, and identify individuals with COVID-19,
particularly those with asymptomatic disease.

One approach to broadening accessto SARS-CoV-2 testing has
been the development of at-home sample collection kits that
could be used safely and effectively by people without medical
or laboratory experience. Samples can be collected without
needing to travel to a medical center, and the samples can be
shipped and later processed at alaboratory or health carefacility
or tested at home [11]. At-home sample collection offers
multiple advantagesto combat the COV1D-19 pandemic: it can
prevent unnecessary exposure between patients and clinical
staff during collection; improve access for elderly patients,
patients with disabilities, or remote workers; reduce the need
for personal protective equipment; and shift the logistics of
collection from overburdened clinical sites to commercial
delivery services.

Surveys on the perception of at-home COVID-19 sample
collection and tests have demonstrated a broad willingness to
complete such collection and confidence in the sample
preparation and quality [12]. Multiple studies have been
conducted recently to compare SARS-CoV-2 test results from
self-collected samplesto those collected by health care workers
[13-18]. Recently, a large-scale population-based study on the
applicability of COVID-19 self-testing demonstrated that most
participants collected the sample correctly the first time, and
that test results showed comparable performance to those
collected by health care professionals[19].

To investigate the usability of an at-home collection process,
usability studies should be conducted to ensure that these
samples meet the same quality standards as clinician-collected
samples. Here, we describe the results of a human factors
usability study, conducted early in the pandemic, for the at-home
sample collection kit, herein referred to as the “SARS-CoV-2
at-home collection kit,” for use with the SARS-CoV-2 (N gene
detection) Test, both of which were developed by Exact
Sciences. Exact Sciences is a molecular diagnostics company

https://humanfactors.jmir.org/2021/4/€29234
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that manufactures an at-home screening test for colorectal cancer
and devel oped the SARS-CoV-2 at-home collection kit and test
in response to the global pandemic. Additional details related
to the SARS-CoV-2 test are available in the FDA's Emergency
Use Authorization (EUA) documentation in Multimedia
Appendix 1.

The goal of this study was to determine the usability of the
SARS-CoV-2 at-home collection kit, and our primary endpoint
was the percentage of samples collected from study participants
that returned avalid SARS-CoV-2 result.

Thisstudy was conducted in May 2020, during the early months
of the pandemic when very little information about COVID-19
pathogenesiswas available, and the protocol was designed based
on standards for human factors usability study design [20]. By
publishing our methodol ogy and outcomes, we hopeto provide
ablueprint for future studiesto ensurethat the usability of other
at-home collection kits can be quickly evaluated during public
health crises or similar situations where urgency is required.

Methods

SARS-CoV-2 Test

The SARS-CoV-2 (N gene detection) Test was developed by
Exact Sciences and received EUA from the FDA on May 22,
2020, via EUA200367 (Multimedia Appendix 1). A summary
of the SARS-CoV-2 test characteristics is provided in Table 1.
This is a reverse transcription—polymerase chain reaction
(RT-PCR)—based test that eval uates upper respiratory samples,
including those collected with an anterior nares (ie, nasal) swab,
to detect regions within the nucleocapsid (N) gene of the novel
coronavirus (nCoV), specifically the nCoV_N1 and nCoV_N2
regions. Human ribonuclease P (RNase P), a gene expressed
ubiquitously in human cellsregardless of COVID-19 infection,
serves as a control to demonstrate that usable samples were
collected and provided to the lab, and that all testing processes
were successfully completed. In validation studies, the test
demonstrated no cross-reactivity with a panel of known
respiratory pathogens. Its preclinical test performance in a
collection of test samples showed positive percent agreement
of 95% (38 out of 40 samples) and negative percent agreement
of 100% (38 out of 38 samples) with another FDA-authorized
SARS-CoV-2 RT-PCR-based test.

The SARS-CoV-2 at-home collection kit contains the following:
a sterile, individually wrapped nasal swab with a polyester tip
with plastic handle; a 2-mL transport tube containing 0.9%
saline; an Instructions for Use (IFU) document; a biohazard
bag; an absorbent pad; a specimen identification label; and a
UN3373-1abeled shipping container.
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Table 1. Performance of the SARS-CoV-2 detection test from Exact Sciences.

Test? characteristic

Details

Test name

Type of test

Generegions detected
SARS-CoV-2

Control
Limit of detection

Cross-reactivity

Preclinical test performance® (n=78 samples)
Positive percent agreement (38 out of 40 samples), % (95% CI)
Negative percent agreement (38 out of 38 samples), % (95% ClI)

SARS-CoV-2 (N gene detection) Test

Real-time RT-PCR?

nCoV® N1 and nCoV_N2 regions of the nucleocapsid (N) gene
Ribonuclease P human gene locus
2.6 genome copies/L sample

13 other respiratory pathogens not detected?

95.0 (83.5-98.6)
100 (90.8-100)

#Test details were obtained from the US Food and Drug Administration (FDA) Emergency Use Authorization (EUA) summary (Multimedia Appendix

1).
BRT-PCR: reverse transcri ption—polymerase chain reaction.
®nCoV: novel coronavirus.

%The detection assay was conducted using NATtrol Respiratory Pathogen Panel-1 (NATRPP-1) from Zeptometrix.

€In comparison with another COV1D-19 RT-PCR test with FDA EUA.

Study Objectives and Subjects

The main objective was to determine the usability of the
SARS-CoV-2 at-home collection kit for the collection and
mailing of a nasal swab sample to the testing laboratory. The
primary endpoint was the percentage of samplesfrom the study
participantsthat returned avalid SARS-CoV-2 test result, either
positive or negative, both of which require adetectable level of
RNase P. Thetarget percentage was 80%, given that the subjects
were minimally trained and were inexperienced in sample
self-collection. There were five secondary objectives: (1)
evaluate the perceived usability of the IFU, (2) evaluate the
comprehension of the IFU by the subject, (3) identify problems
that occur whilefollowing the IFU, (4) evaluate the root causes
of problemsthat occur whilefollowing the IFU, and (5) develop
strategies to mitigate problems occurring while following the
IFU. A total of 30 patients from a workforce population that
met established inclusion and exclusion criteria were enrolled
in this study. Steps were taken to recruit subjects of varying
ages and educational statuses, which included a manual review
of participants by the study team.

The study was conducted in accordance with state and federal
regulatory requirements, as well as the general principles set
forth in the International Ethical Guidelines for Biomedical
Research Involving Human Subjects [21] and the Declaration
of Helsinki [22]. The study was approved by the Western
Ingtitutional Review Board (WIRB)—Copernicus Group
Ingtitutional Review Board (No. 20201763) and all subjects
provided written informed consent prior to study participation.

The inclusion criterion was the ability to provide informed
consent, and the exclusion criteria were prior medical or
laboratory training, prior experience with COVID-19 sample
self-collection, and prior SARS-CoV-2 testing. For each enrolled
subject, usahility of the IFU was determined based on successful

https://humanfactors.jmir.org/2021/4/€29234

completion of the self-collection of anasal swab sample, which
included avalid SARS-CoV-2 test result. All subjects completed
the study.

Study Design

A use-related Failure M ode Effects Analysis approach was used
to determine potential hazards and their associated risks during
use of the SARS-CoV-2 at-home collection kit. Subjects
completed a survey form with demographic information,
including race and ethnicity [23], highest education level
obtained, and prior experience with medical or laboratory
training and COVID-19 sample self-collection. Subjects who
provided informed consent were provided an overview of the
clinical study procedures, including guidance that they would
be observed during the sampl e collection and answer questions
related to their experience during the sample collection. The
study consisted of two parts: smulated use, in which sample
collection was simulated by a subject while monitored by an
observer; and postsimulation evaluation, in which the subject
completed survey questions and provided feedback on the
collection process. The overall study design and methodol ogy
issummarized in Figure 1.

The sample collection took place in a simulated home
environment in a conference room with atable that served as a
large surface area, similar to a countertop found in akitchen or
bathroom. The room included common household items, such
ashand sanitizer, pens, pencils, paper towels, and awastebasket.
Sinceasink was not availablein theroom, alarge bowl labelled
“SINK” was provided next to the hand sanitizer to simulate a
sink for handwashing with soap and water.

Before beginning the sample collection, the observer oriented
the subject to the simulated environment, making them aware
of items available to them, without indicating that these would
be required for the sample collection to reduce bias to the
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subject. To begin the sample collection, the observer instructed
the subject to retrieve an avail able kit and to begin the collection;
subjects were then observed while following the IFU for the
SARS-CoV-2 at-home collection kit. The identification and
classification of tasks were made by the study researchers (see
Figure 1 for complete list of tasks), and the study participants
were blinded to the task categories.

Following completion of all stepsin the IFU, the subject was
theninstructed to place the sample packagein adesignated area

Figure 1. Overview of human factors usability study procedures.

Strong et al

within the conference room. The subject then provided feedback
on the usability of the IFU by completing the After-Scenario
Questionnaire (ASQ) [24-26], answered comprehension
questions, provided written feedback on the experience, and
addressed questions from the observer about observed problems
during use.

The samples collected by the subjects were tested for
SARS-CoV-2 by Exact Sciences Laboratories. Subjects
remained blinded to the test results.

Study Preparation

Informed consent

Complete subject survey form

Subject inclusion/exclusion

Evaluation: Instructions for Use {IFU}
Observation

Prepare to collect and ship

Collect the nasal swab sample

Transfer sample from swab to tube

Assemble the package

Ship the package (simulated)

v

Evaluation: Follow-Up

After-Scenario Questionnaire (ASQ)

IFU comprehension questions

Wiitten feedback

Observer questions

Results

The study was conducted using the SARS-CoV-2 at-home
collection kit from Exact Sciences; test characteristics are
summarized in Table 1 (Multimedia Appendix 1). Briefly, the
laboratory test used RT-PCR to detect SARS-CoV-2 from a
sample collected using an anterior nares (ie, nasal) swab, using
detection of human RNase P as a control.

For the human factors usability study, 30 subjectswere enrolled
to simulate at-home sample collection and provide feedback
during the follow-up evaluation (Figure 1). The characteristics
of the study subjects (N=30) are described in Table 2. Themean

https://humanfactors.jmir.org/2021/4/€29234

age of the subjects was 38.0 (SD 9.7) years, and no subjects
were older than 65 years. Most subjects were White (n=26,
87%) and non-Hispanic or non-Latino (n=25, 83%), and 77%
(n=23) of subjects had morethan ahigh school education. After
completing the usability study, all 30 subjects’ self-collected
samples resulted in a valid SARS-CoV-2 test result, and all
were negative for SARS-CoV-2. Sample validity was
determined by successful detection of human RNase P

Subjects completed the simulated sample collection according
to an IFU document that described the 26 tasks required to
prepare, collect, and ship anasal swab sample (see Multimedia
Appendix 2 for completelist of tasks). Thesetasksweredivided
into “critical tasks,” in which use errors or failure to complete
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would have anegative clinical impact, such asinvalid or delayed
test results, and “ essential tasks,” which wereimportant for test
completion but did not pose an immediate risk to the sample.
Out of the 26 tasks, 15 were categorized as “critical” and were
the primary focus for evaluating and improving the I|FU based
on study outcomes and subject feedback.

Table 2. Subject characteristics for human factors usability study.

Strong et al

Overadl, 14 out of 15 critical tasks from the IFU were
successfully completed by more than 80% of the subjectsduring
the simulated sample collection (Figure 2). The task that the
subjects encountered the greatest difficulty with was placing
thelabel on the tube, which was not completed properly by 70%
(21/30) of the subjects.

Characteristic Value (N=30)
Age (years), mean (SD) 38.0(9.7)
Age category (years), n (%)
<18 0(0)
18-30 9(30)
3145 12 (40)
46-65 9(30)
>65 0(0)
Sex, n (%)
Female 18 (60)
Male 12 (40)
Ethnicity, n (%)
Hispanic or Latino 4(13)
Non-Hispanic or non-Latino 25 (83)
Unknown 1(3)
Race® n (%)
American Indian or Alaska Native 0(0)
Asian 2(7)
Black or African American 2(7)
Native Hawaiian or other Pacific |slander 0(0)
White 26 (87)
Unknown 0(0)
Education level, n (%)
No high school 0(0)
Some high school 0(0)
High school degree only 7(23)
College degree 18 (60)
Advanced degree 5(17)

33ubjects had the option to report one or more categories for race; each participant selected an option for both ethnicity and race.
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Figure 2. Observation of successin completing critical tasks using the SARS-CoV-2 at-home collection kit.
B eg

1.1 Readthese 2 pages of instructions
complebehy.

2.1 Uzing blue ar black ink, werite wour name,
date of bith, and date and time of collection an
the collection tube label.

2.2 5et label a=ide.

2.5WMhile holding the sw ab, remowe cap from
tube.

28 Gently inserthe entire soft tip of the swab
into ane nostril urtil you feel a bit of resistance
and rub itin a circle inside the nose d4 imes.

2.10 Repeat in other nostril.

211 Remowe suwab from nostril and place in
oo llection tube liquid.

2.12 Swyirl in fube for 10 zeconds.

213 Press the fip of the swab against the side of
the tube to squeeze liquid from swakb.

215 Put the cap badk onthe tube.

216 Securehy tighten sa liquid does not leak.

3 Yeswith [ssues /3 Mo

2.7 Uzing the completed label from Step 2.1,
place middle of label ontube, wrap label ends
around tube, stidke label ends together.

219 Putyourtube in the bag with the absorbent
pad.

2.2 Place bubble wrapped bichazard bag into
shipping b,

2.3 Femove paper badking from tape, fold box
flap= closed, press to seal box closed.

To evaluate the opinions of the subjects after the simulated
sample collection, subjects completed the ASQ (Table 3) [26].
Responseswereindicated on ascaleof 1to 7, with lower scores
corresponding to higher satisfaction; scores of less than 3
indicated that subjects felt satisfied using the IFU for sample
collection. For al questions among the 30 subjects, the mean
overall ASQ score was 2.1 (SD 1.6), indicating overall
satisfaction.

https://humanfactors,jmir.org/2021/4/€29234

XSL-FO

RenderX

10 20 a0
Mumber of Subjects

The subjects’ written feedback and comments to the observer
revealed severa areas of potential improvement to the IFU.
Most comments focused on references to the front and back of
the IFU, handwashing, handling the absorbent pad, how far into
the nostrils the nasal swab should be inserted (eg, use of the
word “resistance”), and issues related to the tube label (eg,
writing on the label and attaching it to the tube).

Results from the multiple sources of feedback collected during
thefeasibility study (Table 3) were combined to determine how
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to improve the usability of the IFU (see Figure 3 for complete
list of changes and corresponding rationale). This feedback
helped improve the language and graphics describing how to
place the label on the tube, which is the critical task with the

lowest successful completion rate. Furthermore, subjects

Strong et al

suggested minor wording changes to improve comprehension
(eg, replacing “ discard swab into your waste” with “throw swab
into the trash™). The updated IFU is shown in Multimedia
Appendix 3.

Table3. Methods of evaluating Instructions for Use (IFU) sample collection and shipping tasks for SARS-CoV-2 at-home collection kit by the observer.
After-Scenario Questionnaire (ASQ) questions were from Lewis [26].

Feedback

Categories or questions

Measurement

Observer evaluation of 1FU

ASQ questions

IFU comprehension

Written feedback

Observer questions

« Reading theinstructions (1 step)

«  Preparing for collection (2 steps)

o  Preparing the tube label (2 steps)

«  Opening nasal swab (2 steps)

«  Removing the tube cap (4 steps)

«  Swabbing nose (2 steps)

« Adding swab to tube (2 steps)

«  Removing swab from tube (2 steps)

« Replacing the tube cap (2 steps)

« Placing label on tube (1 step)

«  Washing hands and adding tube to bag (3 steps)
«  Placing bag in bubble wrap (1 step)

«  Placing bubble-wrapped bag in box (2 steps)

« ASQL Overal, | am satisfied with the ease of com-
pleting the tasks in this scenario.

«  ASQ2. Overal, | am satisfied with theamount of time
it took to complete the tasks in this scenario.

« ASQ3. Overadl, | am satisfied with the support infor-
mation (online help, messages, and documentation)
when completing the tasks.

«  After collecting anasal swab sample, when should a
person ship it to the lab?

«  How should aperson store the package with the nasal
swab sampleinside before shipping it back to the lab?

«  What could happen to your nasal swab sampleif you
do not follow the steps in the instructions for use?

«  What information in the IFU is confusing?
« Isthere anything we could do to make it easier to
collect anasal swab sample using these materials?

« Did the subject experience or report adverse events?
«  Wereany protocol deviations noted?
«  Did the subject complete the study?

The observer selected one of four options:

«  Subject completed task with no issues

«  Subject completed task with issues or unexpected ef-
fort

«  Subject did not complete task or required assistance

«  Not applicable (subject discontinued participation).

The subject recorded their response on anumerical 7-point
scale, ranging from 1 (“strongly agree”) to 7 (“strongly
disagree”), and “N/A” (not applicable) outside the scale.

The observer recorded the response as“ correct” or “incor-
rect” (with the option to record free-form text and ask fol-
low-up questions).

The observer recorded the response as free-form text (with
the option to ask follow-up questions).

The observer recorded the response as “yes’ or “no.”
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Figure 3. Revised Instructions for Use based on human factors usability study results. N/A: not applicable.
Cg::::;g:yep Original Instruction Action Taken and Rationale Updated Instruction
READ THESE 2 PAGES OF INSTRUCTIONS
11 COMPLETELY No change N/A
PREPARE THE TUBE LABEL. Using blue or black
ink, write your name, date of birth, and date and time
21,22 of collection on the collection tube label. Set label No change NIA
aside.
252627 REMOVE TUBE CAP. While holding the swab,
s remove cap from tube. Be careful to not spill liquid. | No change N/A
’ Do not drink liquid. Set cap aside.
4. SWAB NOSE £.SWAB BOTH NOSTRILS
SWAB NOSE. Gently insert the entire soft tip of the | Revised text and bolded to clearly indicate
29210 swab into one nostril until you feel a bit of resistance | swabbing both nostrils with same swab >
e and rub itin a circle inside the nose 4 times. Repeat | based on participant feedback. ; ) ) . N
N By Gently insert the entire soft tip ofthe Centhy insert the entire soft tip of the
in other nostril. swah intn sne nestril until you feel & swsb ints cne nostril until you feel s
kit of resistance and rub it in a circle: bit of resistance and rub it in a circle
inside the note 4 times. Depest in inzide the noce 4 times Using same
other nostril swab, repeat In other noseril
ADD SWAB TO TUBE. Remove swab from nostril
211,212 and place in collection tube liquid. Swirl in tube for No change N/A
10 seconds.
& REMOVE SWAR FROM TUBE 7. REMOVE SWAR FROM TUBE
REMOVE SWAB FROM TUBE. Press tip against Updated language from "discard swab
213,214 side of tube to squeeze liquid from swab, then into your waste” to "throw the swab into —= | J
discard swab into your waste. the trash” based on participant feedback. - .
Dress tip against side of tube to. Press tip against side of tubs to
squeers liquid from swab, then squesre liquid from swab, then
discard swab into your waste. throw the swab into the trash.
REPLACE TUBE CAP. Put the cap back on the
215,216 tube. Securely tighten so liquid does not leak. No change NIA
9. PLACE LABEL ONTURE
8. PLACE LABEL ON TUBE
Updated graphic to better represent the i I]I]]]]{
correct label application based on user 1L | |EE= ==
PLACE LABEL ON TUBE. Using the completed feedback. Added "wrap ends, stick rmiamey —=rme= . = E‘ “a
label from Step 2.1, place middle of label on tube, together” text and arrows to indicate ——— L ot
217 wrap label ends around tube, stick label ends wrapping label ends around the tube. Using xreookf;]mu Jabel from b e
together. Your information should be visible. Added second image to represent the Step 1, place middle of lsbel on \ing the completed label fram
“finished label". Bolded last sentence to "{":-:;P":"’""‘;rm: tuke, 5?:1. plxrl’rgi‘ddl;dhb:i;n .
emphasize label placement result T o e
= - Information should be visible.
218-220 9. WASH HANDS, ADD TUBE TO BAG 10. WASH HANDS, ADD TUBE TO BAG
) . IEIA R = i
WASH HANDS, ADD TUBE TO BAG. Wash and dry Mg‘z‘j Ct:‘a“g“’“g'“g image to emphasize g jj;— L
your hands again. Put your tube in the bag with the ~ "= fee%rtlaa:eu on d tube and label == | @ @\ S @
absarbent pad. Seal the bag. user ck. Updated tube and labe J U
image to match previous instructions. \Wash and dry your hands sgain \Wach and dry your hands sgain
Put your tube in the bag with the Putyour tubs in the bag with the
sbzorbent pad. Seal the bag. sbzorbert pad. Sealthe bag.
2 PLACE BUBBLE WRAPPED 2. PLACE BUBBLE WRAPPED
BAG IN BOX BAG IN BOX
PLACE BUBBLE WRAPPED BAG IN BOX. Place
32-33 bubble wrapped biohazard bag into shipping box. Updated tube and label image to match
’ ’ Remove paper backing from tape, fold box flaps previous instructions.
closed, press to seal box closed.
Place bubble wrapped biohazard Place bubble wrapped Eohazard
bag intzshipping box. Bemave bag intzshipping box. Bemaove
paper backing from tape, fold paper backing from tape=, fold
bax flaps closed, press to seal box bax flaps chsed, press to seal bax
chosed. chosed.
: : quality control. If the sample contained a detectable level of
Discussion

RNase P, then it was determined that the sample had sufficient
RNA to be tested for the presence of SARS-CoV-2. Notahly,
this standard can be used for any sample obtained using the
at-home SARS-CoV-2 collection kit, regardless of the method
of collection or the positive or negative outcome of thetest. The
preclinical test characteristics of the SARS-CoV-2 test,
summarizedin Table 1, demonstrated high positive and negative

Overdll, this simulated at-home self-collection usability study
was successful in that all 30 subjects collected samples that
resulted in valid test results (100% success rate, exceeding the
targeted 80%). Moreover, the ASQ scoreswere low, indicating
acceptabl e agreement and sati sfaction, and the written feedback
and comments from subjects were combined with simulation

data to improve the IFU for future patients undergoing
COVID-19 testing using at-home specimen collection.

To evaluate sample quality, the presence of human RNase P, a
gene expressed ubiquitously in human cells regardiess of
COVID-19 infection, provided a universal measurement of

https://humanfactors.jmir.org/2021/4/€29234

RenderX

percent agreement among samples of sufficient quality.

The study population was well distributed with respect to age
and gender. The proportion with a college degree or higher
(77%) was dightly higher than thelocal population in Madison,
Wisconsin (58%), although race and ethnicity populationswere
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similar (ie, the White, non-Hispanic or non-Latino population
in Madison is 74%) [27]. Importantly, the qualifications for
study participantsimpacted theinclusion criteria, which required
the exclusion of anyone with any scientific or laboratory
experience.

In general, the ability to provide at-home sample collection to
detect respiratory viruses could significantly improve the
effectiveness of public health strategiesin preventing the spread
of disease during a pandemic. For the COVID-19 pandemic,
at-home sample collection could (1) improve the ability to
identify individual swith detectable SARS-CoV-2 RNA without
the need to expose health care workers during testing or the
public during travel to and from the testing site, (2) provide an
alternative and likely more accessible testing workflow for
patients, and (3) enable the epidemiological study of the natural
history of disease without undue risk to the population.

This study had severa limitations. Some limitations were the
simulated nature of the home environment, the lack of access
to shipment methods for subjects, and the lack of subjects over

Strong et al

65 years, which was a result of the workforce population
recruited for the study. Other limitations, including therelatively
small sample size, were based on limited access of materials
and a prioritization to make this collection kit available as soon
as possible due to the ongoing public health crisis. Changes
driven by logistics or product considerations and typographical
errorsareincluded in the updated | FU but are beyond the scope
of this publication. The strengths of this study were that all
subjects were able to successfully follow the IFU to collect
usable samples, the consistency of the completion of
medium-risk tasks, and the constructive feedback on low-risk
tasks that led to IFU improvements.

In conclusion, this study demonstrated the overall usability of
the SARS-CoV-2 at-home collection kit, and feedback from
the study was used to generate improved instructions for use.
Overdll, it provides additional information that at-home
collection of specimens for use with COVID-19 tests can be
conducted effectively by subjects without prior sample
self-collection experience.
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Abstract

Background: As telemedicine utilization increased during the COVID-19 pandemic, divergent usage patterns for video and
audio-only telephone visits emerged. Older, low-income, minority, and non-English speaking Medicaid patients are at highest
risk of experiencing technology access and digital literacy barriers. This raises concern for disparities in health care access and
widening of the* digital divide,” the separation of those with technological access and knowledge and those without. While studies
demonstrate correlation between racial and socioeconomic demographics and technol ogical accessand ability, individual patients
perspectives of the divide and itsimpacts remain unclear.

Objective: We aimed to interview patients to understand their perspectives on (1) the definition, causes, and impact of the
digital divide; (2) whose responsibility it isto address this divide, and (3) potential solutions to mitigate the digital divide.

Methods: Between December 2020 and March 2021, we conducted 54 semistructured telephone interviews with adult patients
and parents of pediatric patientswho had virtual visits (phone, video, or both) between March and September 2020 at the University
of Chicago Medical Center (UCMC) primary care clinics. A grounded theory approach was used to analyze interview data.

Results: Patients were keenly aware of the digital divide and described impacts beyond health care, including employment,
education, community and socia contexts, and personal economic stability. Patients described that individuals, government,
libraries, schools, health care organizations, and even private businesses all shared the responsibility to addressthe divide. Proposed
solutions to address the divide included conducting community technology needs assessments and improving technology access,
literacy training, and resource awareness. Recognizing that someindividualswill never crossthe divide, patients also emphasized
continued support of low-tech communication methods and health care delivery to prevent widening of the digital divide.
Furthermore, patients viewed technology access and literacy as drivers of the social determinants of health (SDOH), profoundly
influencing how SDOH function to worsen or improve health disparities.

Conclusions; Patient perspectives provide valuable insight into the digital divide and can inform solutions to mitigate health
and resulting societal inequities. Future work is needed to understand the digital needs of disconnected individual s and communities.
Asclinical care and delivery continue to integrate telehealth, studies are needed to explore whether having avideo or audio-only
phone visit resultsin different patient outcomes and utilization. Advocacy efforts to disseminate public and private resources can
also expand device and broadband internet access, improve technology literacy, and increase funding to support both high- and
low-tech forms of health care delivery for the disconnected.
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Introduction

Methods

Prior to the COVID-19 pandemic, the use of synchronous
telemedicine (eg, audio-only telephone or video visits) in the
United States was limited and mainly incorporated in specialty
fields, such as postoperative care and psychiatry [1,2]. In
response to the pandemic, the Centers for Medicare and
Medicaid Services (CMS) and private insurers expanded
coverage for both video and phone telehealth visits, and
telemedicine utilization increased exponentially [3-5] and
expanded into primary care[6,7]. Whilefurther study isneeded
to explorethe challenges of telemedicine[8], initial studieshave
found that with certain patient populations and conditions,
telemedicine is associated with anumber of patient and clinician
benefits, including reduced appointment wait times, costs,
improved medication adherence and blood pressure control,
and high rates of patient and clinician satisfaction [9-19].

However, astelemedicine utilization increased, diverging usage
patterns for video and audio-only telephone visits emerged,
raising concerns about thewidening “digital divide” contributing
to disparitiesin telehealth access[7,20-22]. The“digital divide”
refers to a societal division between those who have the
technological means to make full use of technology and those
who face barriers preventing proper use and benefit [20]. Access
to high-speed internet and technology devices (eg, computers,
tablets, smartphones) and adegree of digitd literacy arerequired
to successfully participate in video visits[7,23]. As health care
becomes more reliant on technology-based tools, the digital
divide stands to further exacerbate existing health care access
disparities.

Studies have shown that patients with lower levels of digital
literacy and access to technology are more likely to be from
marginalized backgrounds, including older, Black and Hispanic,
non-English speaking patients, and those with Medicaid
insurance [24]. Further, during the pandemic, patients from
disadvantaged socioeconomic backgrounds were less likely to
complete video visits and more likely to rely on audio-only
telephone visits to access their providers and telehealth
utilization datafrom federally qualified health centers confirmed
these findings [7,20,25-28]. Because a third of Medicare
telehealth encounters were audio-only phone visits between
March and June 2020, significant concerns around worsening
health inequalities are raised if reimbursement parity between
video and telephone visits is discontinued in the future
[4,23,29-31].

While studies have assessed the demographics of the digital
divide, none have directly explored patient perspectives on the
digital divide and potential impacts. We aimed to interview
patients to understand their perspectives on (1) the definition,
causes, and impact of the digital divide; (2) whose responsibility
it isto address the digital divide; and (3) potential solutionsto
mitigate the digital divide.

https://humanfactors.jmir.org/2021/4/e33364

Setting

The UCMC serves a diverse medically underserved patient
population on the South Side of Chicago. During the COVID-19
pandemic, UCMC began offering virtual visitsin March 2020
in responseto the March 6, 2020, policy changes and regul atory
waivers from CM S and provisions of the US Coronavirus Aid,
Relief, and Economic Security Act, effective March 27, 2020
[3,7]. From December 2020 to March 2021, we conducted
semistructured telephone interviews with adult patients and
parents of pediatric patientswho had virtual visits (phone, video,
or both) at UCMC adult or pediatric primary care clinics from
March 2020 to September 2020.

Researcher Characteristics

The research team consisted of 2 faculty physicians (MA and
WL), 2 medical students (GL and Z-Y C), and 4 undergraduate
research assistants (AR, 1VS, JB-S, and KH). Interviews were
conducted by AR, GL, IVS, JB-S, KH, and Z-YC. Qualitative
analysis was performed by AR, JB-S, MA, WL, and Z-YC.

Interview Guide Development

The interview script was part of a larger qualitative interview
study focused on understanding patients’ overall telehealth
experiences during the pandemic. The second haf of the
interview focused on digital divide perspectives, and the script
was developed after aliterature review on the digital divide in
health care and patient perspectives on telehealth. Resultsfrom
an internal Press Ganey patient telemedicine survey were used
to guide question development. An advisory group of key
institutional leadership and stakeholders at UCMC (eg, Vice
President and Chief Ambulatory Medical Officer, Associate
Chief Medical Information Officer, Advancement Manager for
Health Literacy, Diversity and Inclusion) provided feedback on
theinterview guide and patient recruitment. Patients and family
members from the UCMC Ambulatory Patient and Family
Advisory Council aso provided feedback.

The interview guide (Multimedia Appendix 1) included 4
demographic questions and 6 open-ended questions to elicit
perspectives on how patients define the digital divide, its
impacts, who they believe is responsible for addressing the
divide, and how it could be resolved. A definition of the digital
dividewas provided to all participants, regardless of their ability
to correctly define the concept or not. All research assistants
completed pilot interviews, received feedback from the senior
authors MA and WL, and revisions were made to the interview
script to improve question clarity and focus.

Sampling Strategy

Detailson al adult and pediatric primary care patients who had
phone, video, or both virtual visit types aa UCMC between
March 2020 and September 2020 were extracted from the
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electronic health record and these patients were eligible for
inclusion in the study. Patient demographic data were also
obtained (eg, visit type/date, insurance type, primary language,
age, sex, race, and phone number).

We purposefully sampled patientsto ensure we captured patient
experiences for both adult and pediatric patients who had
different visit types (phone, video, or both). Patients were
randomly chosen until we had representative participants from
each subgroup (adult phone, adult video, adult both, pediatric
phone, pediatric video, and pediatric both). Participants received
up to 2 phone callsto invite them to participate, and oral consent
was obtained. We aimed to complete between 25 and 50 total
interviews based on prior qualitative studies in our patient
population and previous telehealth studies [32-37]. Patient
recruitment continued until thematic saturation was reached.
All participants received aUS $20 gift card to compensate them
for their time.

Data Analysis

A total of 54 phone interviews were conducted, digitally
recorded, assigned arandomized subject identification number,
and submitted for professional transcription. Three research
assistants (GL, I1VS, and KH) reviewed and deidentified
transcripts to ensure accuracy and anonymity. ATLAS.ti 9 was
used for qualitative analysis[38]. Using aconstant comparative
approach, acodingteam (AR, MA, JB, WL, and ZC) performed
iterative content analysis of 3 transcripts. An additional 9
interviews were reviewed independently and discussed as a
group until the code book was finalized and consensus was

https://humanfactors.jmir.org/2021/4/e33364
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reached on theme saturation. Theremaining 42 interviewswere
analyzed by AR, JB, and ZC. All coded transcripts were
validated by at least one of two reviewers (MA and WL). Both
reviewers also independently coded a subset of the interviews,
comparing analyses to ensure effective data triangul ation.

Institutional Approval

The project conforms with the Standards for Reporting
Qualitative Research [39], and was approved as a quality
improvement project by the University of Chicago. As such,
thisinitiative was deemed not human subjects research and was
not reviewed by the Institutional Review Board.

Results

Overview

A total of 216 adult patients were contacted for the study, and
35 consented and completed interviews. In pediatrics, 104
parents were contacted, and 19 consented and completed the
interviews. The majority of respondentswere adult primary care
patients (35/54, 65%), and 35% (19/54) were parents of pediatric
patients. Interviews lasted an average of 42 minutes (range
23-79 minutes). Most participants were female (35/54, 65%)
and the average age was 55 years (Table 1). The only significant
difference between adult and pediatric parent participants was
their age (average age: adults: 63.6 years; pediatric parents:
39.1 years; P<.001). Patient demographics with respect to
insurance, educational attainment level, and race are presented
inFigure 1.
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Table 1. Respondent demographics.

Demographics Overadl (n=54),n (%)  Adult (n=35), n (%) Pediatric (n=19), n (%) P vaue
Race, n (%) A1
Hispanic 6 (11) 2(6) 4(21)
Asian 2(4) 0(0) 2(11)
Black or African American 33(61) 23 (66) 10 (53)
White 11 (20) 8(23) 3(16)
Multiple/other 2(4) 2(6) 0(0)
Sex, n (%) .01
Female 35 (65) 27 (77) 8(42)
Male 19 (35) 8(23) 11 (58)
Agein years, mean (SD) 54.96 (20.48) 63.60 (19.74) 39.05 (9.30) <.001
Insurancetype, n (%) <.001
Private 20(37) 10 (29) 10 (53)
Medicare 25 (46) 25 (71) 0(0)
Medicaid 8 (15) 0(0) 8(42)
Self-payer 0(0) 0(0) 0(0)
Unlisted 1(2) 0(0) 1(5)
Highest education level, n (%) .09
High school/less 16 (30) 14 (40) 2(112)
Some college/associate degree 13 (29) 7(20) 6(32)
Bachelor's degree 13(24) 6 (17) 7(37)
Graduate or professiona degree 12 (22) 8(23) 4(21)
Primary language, n (%) .35
English 53 (98) 35 (100) 18 (95)
Spanish 1(2) 0(0) 1(5)
Prior telemedicine visit type(s), n (%) .03
Phone 17 (31) 12 (34) 5(26)
Video 22 (41) 10 (29) 12 (63)
Phone and video 15 (28) 13(37) 2(1y

Figure 1. Respondent demographics by (A) insurance, (B) highest level of educational attainment and (C) race.
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Patient Definition of the Digital Divide

| think the digital divideisall the things that COVID
has exacerbated. People with money versus people
without it. Having access to the internet, makes you
able to do all this stuff, and not having access it's
harder to do” [Patient 28]

When asked to define the “digital divide,” the majority of
patientswereinitially uncertain of its exact meaning. However,
after prompting patients with the definition from our interview
script, many recalled personally experiencing the divide and
witnessed its effect on family, friends, their communities, and
society.

While offering their own definitions of the divide, many patients
spoke about the inevitability of technology in every facet of
modern life:

Having internetisalmost, it'snot aright or anything,
but it'sfundamental in today's society, especially with
COVID. [Patient 28]

Alkureishi et a

Many felt the growing prevalence and necessity of technology
in society. Patients recognized how the differential access and
ability to use technology created and continues to widen the
chasm between those who can and cannot use technology:

WEl, it's not a good thing because we all know
technology is coming faster and faster. To be divided
and have peoplewho don't know, it'sreally not a good
thing, because if we are going to be using technology
for our medical and our health care, we need to know
these things. [Patient 50]

Having defined the digital divide, 4 overarching themes were
identified in the analysis of interview data relating to its (1)
causes, (2) potential impacts, (3) responsibility for addressing,
and (4) potential solutions. These are explored in more detail
bel ow with their respective subthemes and representative quotes
in Multimedia Appendices 2-5 and illustrated in Figure 2.

Figure 2. Patient perspectives on the digital divide: causes, impacts, responsible actors, and potential solutions. * Tech access refers to tech devices
such as computers, tablets, smartphones as well as high-speed internet access.
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Causes of the Digital Divide

Four themes on the causes of the digita divide emerged
(Multimedia Appendix 2 and Figure 2): limited technology
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.

In-person & remote training
Enhance community training
resources

¢ Increase training resource
awareness
Intergenerational support

+ Low-tech communication (e
traditional mailing, phone ca [5]

+ Low-tech health care delivery
(eq, home visits, audio-only
phone visit)

literacy, limited technology access, unawareness of technology
resources, and negative personal attitudes toward technol ogy.
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Limited Technology Literacy

Beginning with technology literacy, the most common subtheme
cited how advanced age is a major contributor and limitation
to their ability to learn and navigate technology. Younger and
ol der patients alike recogni zed the pervasiveness of technology
in many aspects of life, not just in health care. They recognized
the challenge for older individuals to keep up with an
increasingly technol ogy-dependent soci ety in which computers
and smartphones evolve so quickly:

At some point, everybody's going to die off who
doesn't know how to use them. WWe got two-year-olds
who know how to use it. It's like, eventually, I'm the
only anyone who doesn't know how to useit. [Patient
45]

Cognitive and medical impairments, including memory loss
and hearing and visual impairments, were also challenges that
contributed to the digital divide among older individuals. One
such respondent with dementia explained how her cognitive
illness contributed to her isolation from technology and, inturn,
where she stood on the digital divide:

You know | have dementia...I don't know how to do
it. | just don't, and it just bothers me sometimes | just
can't. It is very frustrating...] can't put it in words
right now but it does make you feel different, with all
this technology and not enough personal contact.
WEll, | can't stop it. | wish it was simple, but it's not
going to get better. | can't dowhat | can't do. If you're
not caught up, if you don't know how to do it,
sometimes you miss a lot. | think it's unfair. Most
people don't want to be a burden to the government
or their family either way. They just want to take care
of themselves as best they can. [Patient 36]

Additionally, patientswho never had formal training (subtheme
4) or vocational exposure to computers (subtheme 5) found it
challenging to stay connected with the rapidly changing nature
of technology. These individuals struggled to understand basic
technology functions such as sending an SM Stext message and
were |eft behind, widening society’s digital divide.

Limited Technology Access

The second major cause of the digital divide identified by
patients is limited technology access, caused by high financial
costs and geographic variation of available services. Patients
shared that purchasing technology or an internet plan was a
heavy financia burden, particularly for families with multiple
children. In other words, cost greatly limits technology access:

I mean look at these kids now that are in school.
That's why they need to go back to school because
you've got kids or multiple children that are supposed
to be on the computer in their relative classroom.
They have four, five, six kids. They can't share the
same computer. They have to be in class at the same
time and these parents, who has enough money to get
three or four computers around the house? Really,
realistically you don't unless you have some nice
money. You don't have money for that. No. My sister's
a teacher and she's at home trying to be a teacher

https://humanfactors.jmir.org/2021/4/e33364
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and then the kids, they haveto go to school. It'scrazy.
[chuckled] It's crazy. [Patient 6]

Patients also discussed the disparities in high-speed internet
access between rural and urban populations:

It's socioeconomics for the most part in an urban
area...It's being able to afford it and not having
enough public resources out there to help bridge that.
If you're rural, that's a whole other set of problems
that I'm not as familiar with. | know that there are
areasthat maybe don't have as much cell connectivity,
maybe don't have the same internet options. That
would exacerbate it. In this area, it's economic. It's
being able to afford it. [Patient 31]

Unaware of Technology Resources

Many patients were unaware of resources such as free or
low-cost internet and smartphones, which was identified as a
major contributor to the digital divide:

W, part of it is economics, but | think another part
of it is a lot of people don't understand what's
available to them. Because they have programs to
cover, but a lot of people didn't know how to take
advantage of it. They were just out there on their own
with nothing. [Patient 17]

Negative Personal Attitudes Toward Technology

Many patients stated that older individuals are generaly
reluctant to use technology. Older patientswere often frustrated
with learning new technol ogy, had feelings of distrust, and were
hesitant to integrate it into their lives particularly when the
majority of their daily functionsdid not require technology use.
However, even though less technol ogy-savvy older individuals
avoided technology use, they did recognizethe way of theworld
was now increasingly technologic:

| think when you didn't get in on that ground floor,
some years ago when they started coming and they
started coming so fast, it put a little fear into them,
and they're like, ‘I don't want to be bothered with
that. It just took off in a whirlwind and went faster
than they were going. I'm guilty too. Probably when
that was going on, if | had been saying to my mother,
‘Oh, come on let me show you, let me show you. She
might be a little more open to it. | have a friend, a
very good friend, her dad is 98. He lives on his own,
his mind is clear, doesn't have a lot of illnesses. It's
like, ‘1 don't want to be bothered with that. Now they
don't have the confidence. It's like, ‘Oh, I'm too old
for that! That kind of thing. I'm too old for it too.
[Patient 50]

Asaresult, patients believed that the digitally disconnected and
less knowledgeable individuals were at a disadvantage, more
isolated, and left behind.

Society has not accepted the world of
non-technological people. | think that they are missing
out and I'mreally big on what's going on with them,
with the seniors. They don't have people to do it for
you. My dad has his children, my aunt doesn't. | have
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done alot of things for everybody up until the digital
thing prevented me, it hold me down. [Patient 19]

Impacts of the Digital Divide

Patients described the digital divide impacting (1) health care,
(2) economic stability, (3) education, (4) employment, and (5)
socia disparity (Multimedia Appendix 3 and Figure 2).

Health Care

Eight subthemes were identified related to the impact of the
digital divide on health care (Figure 2). Most were related to
the expansion of technol ogy-dependent virtual care during the
pandemic and how low technology resources and literacy
hindered the ability to engage in necessary health care activities
such as video visits. One patient stated:

That would mean that there's a lot of individuals who
are not receiving adequate medical care right now
during the pandemic because they don't have access
to those resources. [Patient 10]

Some patients felt the digital divide also increases visit wait
times. Specifically, they believed that those who are able to
conduct virtual visits have quicker access to care including
responses to their patient portal messages and increased
availability to virtual visits. Conversely, those who are unable
to access these online resources had to wait for return phone
calls and in-person visits, which are not as readily available.

There were concerns regarding inappropriate overuse of
emergency services. Without a virtual option, patients will be
morelikely to visit the emergency department, which increases
the hospital’s burden and possibly inappropriate care:

It would probably cause maybe overpopulated
emergency departments because now instead of being
able to have video visits. | probably would think that
it would lead to people not really getting the health
care that they need. [Patient 35]

Thedigital divide can also limit accessto online patient portals.
Without access to these tools, less technologicaly able
individuals experience challenges in care coordination such as
scheduling visits, communicating with their clinicians, and
facilitating referrals and tests. Patients al so remarked that these
portals are not just useful for themselves but also for children’s
and elders’ parentsand caretakers. Furthermore, lack of internet
accessimpedes general knowledge seeking and accessto online,
reliable, and high-quality health information.

Patients also found that the divide can worsen personal health
care outcomes because of limited opportunities and resources
to coordinate health care needs. Lastly, patients recalled how
limited low-tech outreach efforts for the COVID-19 vaccine
and online scheduling portals posed significant challenges for
less technology-savvy individuas:

They (seniors) can't handlethat, it'stoo much. | think
that senior people should have a little special
consideration seeing that because of the fact that a
lot of them are not technically technology-oriented.
Why you don't call them, and tell them when they can
get an appointment for the vaccine? Why do they have
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to go online and look for an email, when they don't
do computer? See, | have somebody facing this right
now. [Patient 19]

Economic Stability

One subtheme focused on how the internet allows individuals
to quickly source and compare prices of basic goods and
services. The second subtheme was the impact of the digital
divide on the management of personal finances and accounts,
which are predominantly done onlinetoday. For example, some
patients noted that during the pandemic, managing aspects of
their basic utilities were only accessible online, which created
a frustrating and unfair experience for digitally disconnected
individuals and families.

Education

Impacts of the digital divide on children's educational
experience were especially prominent due to remote learning
during the pandemic. During the pandemic, the lack of access
to on-site school—-based computers and internet limited children’s
ability to gather resources needed for their learning and school
work:

We had kids who don't have computers, whose moms
were sitting outside the school just so they could have
WFi so their kids could learn. [Patient 45]

Society’s increasing dependence on technology also increases
financial burden on families with severa children. Larger
families with multiple children need to spend more to provide
basic educational supplies, which are now typically expensive
technology items and services. Patients discussed how the divide
impacts the quality of education in socially and economically
disadvantaged areas, contributing to poor academic achievement.
Several patients spoke about how children in communities of
color, particularly those on the South Side of Chicago, are more
technologically challenged than other children from privileged
areas due to less exposure to computers. Thus, the transition to
an entirely technol ogy-dependent remote | earning environment
during the pandemic further exacerbated these disparities and
resulted in poorer academic performance:

Well, the (South Sde) kids, they have a harder time
with just being on the computer. I'm sure some of
them have figured it out, but on a day-to-day basis,
even in school, they're not on computers like some
kidsin the suburbs and kids who are more privileged.
They're far ahead of some of our kids. This has put
our kids behind. That'swhat | feel. [Patient 47]

Employment

The inability to access the internet also limits employment
opportunities such as limiting one’'s search for jobs and
professional networking. Thisreinforcesasocietal dividewhere
the less educated and technologically able are limited to lower
paying, more manual jobs:

It'sa privilegeto be ableto have technology and have
that resource readily available. Those who are able
to have access to that, it'sin a sense like a sense of
superiority. It's just a complex of it's a hierarchy in
a sense where more people are more educated and
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those who are less educated. When you're more
educated, you're able to be more involved or get
higher-paying jobs. In that manner, it createsa divide
and a conflict. [Patient 53]

Furthermore, the divide threatens job security. Patients noted
employers prefer to retain more technology-savvy employees,
and computers and machines increasingly replace manual
workers.

Social Disparity

Lastly, patients highlighted how technology contributes to
societal disparity by promoting division and isolation of those
that are less technology savvy. More recently, the pandemic

and an increasingly technology-reliant society have further
isolated and ostracized digitally disconnected individuals:

| think (the digital divide) it's all the things that
COVID has exacerbated. Peoplewith money areable
to get access versus people without it. It's basically
having access to the internet, makes you able to do
all this stuff, and not having accessit's harder to do,
I think. | think we're seeing what that means, but |
think it does exacerbate conditions like whatever the
current state isand just speed things up. [Patient 28]

Patients al so highlighted the duality of technology: technology
can positively and powerfully empower the literate while
repressing and leaving the less tech savvy with amore difficult
life:

That would set a lot of people apart. It really divides
people because you've got to have access to a
computer now in order to do the smallest things. You
really do. You've got to log onto this to do whatever
the application-- | haven't been to the library in a
long time, but | bet you have to have a computer now
in order to do some things at the library. What's it's
going to do | think it's really going to divide people
pretty soon if technology can change the world, it's
just me saying this, but | think that if technology can
change the world theway it is...I think it'll really put
a rift between, instead of the high class and the low
class, it would be a divide between the illiterate and
the literate. Computer literates and illiterates and
literates. WElI, | think it means that you're dividing
to go into two classes. One that is more privileged,
probably have an easier life than the other. [Patient

37]
Responsibility for the Digital Divide
Patients had clear perspectives on whose responsibility it is to
address the digital divide, and these were organized according

to 6 main actors and their explanatory subthemes (Multimedia
Appendix 4 and Figure 2).

United States Government

By far, the US government was thought to be primarily
responsible for addressing the digital divide. Patients believed
the government played arolein causing the digital divide, thus
they should address it. Additionally, patients told us that only
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the government hasthe power to legislate and enforce regulation
to protect individuals from unfair business practices:

| think that has to do with the government. | think
that's a government issue because | think they the
ones that could actually make them (companies)--
they could actually put a cap on all of this. [Patient
2]
Several patients emphasized a subtheme related to the need for
thefederal government to stand out astheleader for changeand
initiate a top—down plan of action between local governments,
businesses, and community organizationsto addressthe divide:

Of course, we know our government needs to be a
part of that. That'sfrom The White House, all theway
down to our local government. e need those people
to beinvolved because to bring these resourcesto the
forefront, we certainly need money. [Patient 50]

With the rising prevalence of technology, patients viewed
technology and internet connectivity as a basic life necessity
like food, transportation, and clean water. Given that the
government addressesissues such asfood insecurity, they should
be similarly responsible for addressing digital insecurity and
providing equitable technology access to citizens:

| guess, yes, if that were a project like the highway
system or something, or the interstate system, or
health care. It's so central to life. It affects your
quality of life if you don't have access to it. It's like
the water. It wouldn't be right if people have limited
access to food or water. People should have access
too. [Patient 28]

Patients also believed that elected individuals and taxes should
be used to support individuals, communities, and social
programs with technology access and training:

We should work to make internet available to
everybody. | know the federal tax is designed to do
that. We pay extra on our phone hills to pay for
internet for people that don't have it...| am definitely
of the type that | would rather pay a bit morein taxes
and see absolutely everyone have their needs met. |
think it's on the government. If we pay taxes, it's for
services and being able to function and be in school
asyou are required to. The government should make
that available. [Patient 5]

Individual Responsibility

Patients recognized that aside from individuals with cognitive
impairments, people have a choice in learning how to use
technology and seeking accessto keep up with the digital world.
There needs to be a component of individual willingness to
bridge the divide:

It'll still be up to that person if they want to make that
change and catch up with the world. It's up to them
whether they want to learn. If they don't want to learn,
you can't make them. It would be their responsibility.
It'sjust like saying the video visits versus going there
in person. If they don't want to learn technology, all
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right, then you got to go down there in person.
[Patient 49]

Health Care Organizations

Health care organizations were cited as a responsible actor for
the divide, especialy because technology-based care such as
video visits are quickly becoming commonplace and a part of
the standard of care. Patients believed that hedth care
organizations have a duty to support their local communities
with not only medical services but also technology resources
and training because they are in the unique position to directly
survey their patients and understand their technology barriers:

Becausethey're your health care provider. They can't
really fix the digital dividethat's not related to health
care, not the University of Chicago. But in relation
to health care, then | think they should beresponsible
for that. Because | know that a lot of the seniors are
not getting the same, because of the fact that they are
not technological. [Patient 19]

Private Companies

Patients expressed that private companies should address the
digital divide because they control technology services and
resources and have the potential and responsibility to alocate
them fairly. Several patientsal so recalled how private companies
denied or did not offer subsidized services to individuals who
needed financial assistance. Specifically, one patient stated that
part of their own internet bill payments could and should be
used to help support services for others who cannot afford
internet plans:

Maybeindividual s can put pressure on the companies,
or we can in our hills agree to pay more because- to
help reduce the cost to make sure so that people
provideit but then have people sharing, which | think
isthe next best thing. [Patient 46]

Communities

Patients expressed the need for socia responsibility and
technologically able family and friends to support individuals
who struggle to access and use computers and smartphones:

| think that the community where we live at. There
are programs out here, it's resources that assist with
computer classes that get people used to using a
computer or even just to know that normal functions
of a computer, community resources to assist with
that. [Patient 20]

Shared Responsibility

Lastly, therewas a profound recognition that the divideisareal
and serious threat to the well-being of our communities and
nation. Given the scope and significance of the divide, everyone,
including the government, organizations, companies,
communities, churches, libraries, and individuas, plays an
important role in addressing it:

The digital divide will have to be fixed by everybody.
Just like anything else; in the US, when it's time for
the big push, everybody has to cooperate. Not just
one or two people, or one or two agencies.
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Government can't do everything. If they could, honey,
we'd be a Socialist Party for real and this would be
France, but they can't do everything. It'sgoing to take
everybody. Every church, every ingtitution, every
computer company. The digital divide is not a joke.
Itisfor real just like food deserts; no grocery stores
in certain areas for miles, and what if you're on a
bus? If you can at | east get a phone, then most people
can cross that digital divide. [Patient 4]

Potential Solutionsto the Digital Divide

Four themes were identified as possible ways to overcome the
digital divide (Multimedia Appendix 5 and Figure 2).

Understanding Technology Needs

The first and most critical step in solving the divide is
understanding it. Patients believed that an initial targeted
technology needs assessment of communities and health care
organization memberswould facilitate abaseline understanding
of what their unique needs are:

One-on-one surveys with peoplein various ages and
ethnic backgrounds to see how they feel and what
their needs are. In order to close the gap, you got to
see what you need. You've got to put the information
out there and find out what people really need. How
many 70-year-olds, or 90, or 40-year-olds need these
resources? When you don't know, how can you fix it?
You've got to know what a person's needs are before
you could fix it. | think starting there, we would get
a lot of answers and do things differently. [Patient
50]

Ensuring Access to Technology

Patients proposed directly providing devices such as computers
and smartphones, aswell asinternet connectivity, to all. Again
citing technol ogy access as abasic necessity particularly during
the pandemic and for virtual health care, patients called on a
variety of actors (eg, government, health care organizations,
private organizations, social infrastructure such as schools) to
step in and provide the necessary tools to individuals. With
many patients unable to afford the required technology to
participate in today’s digital world, universally providing the
technology is one way to ensure equitable access to everyone:

They have to be able to provide everybody that sort
of resource. Just if everybody has equal access to
opportunities also that are provided through the
internet. Free access to W-Fi and providing
something to access that, like a computer or atablet.
Providing the resource for these peopleto be ableto
access. Even libraries are not enough or some small
things like that are difficult. [Patient 53]

However, recognizing this may not be feasible Many
respondents proposed providing subsidized technol ogy resources
to regulate technol ogy costs, thereby improving accessto those
who need them most:

Some people can't afford the internet. Some people
isjust living off of once a month check or some people
not getting any income at all, so how would they go
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about paying their internet bill? To me, for people
like that, and people that can't afford it. | think they
should have a program for them, where they should
beableto get it for free because they know it's a need
that they need. [Patient 25]

Enhanced shared technology resources in new or existing
community settings such as providing free shared use computers
or phones in doctors’ offices, public areas, internet cafes, and
community centers can help increase technology access:

If there is someplace that we could just use their

computers that are already up and specialized...|

would go in a heartbeat. You just need help and when

you need help, you do whatever you haveto do...Give

us an option of being able to come into a room or

some area where you could come in and use their

actual equipment which might be better for all of us.

[Petient 6]
Many patients specifically commented on how libraries can
help bridge the digital divide because they are widespread, play
an activerolein underserved communities, and offer open access
to technology devices and internet connectivity. However, due
to COVID-19, patients expressed frustration in decreased library
availability and called for the need to re-evaluate and expand
library services, such as revising opening hours, providing
socially distanced areasto use technology devices, and providing
patient care pods where virtual visits could be privately
conducted:

Everything has changed. They need to be aware. The
library is open from 10:00 to 6:00 or 10:00 to 5:00.
Like | said, the library used to be open up to nine
o'clock at night, but | know it's not anymore. | need
my Zoom (video visit) call to be at 11 o'clock. Why?
Because the library doesn't open up until 11 o'clock.
| know McDonald'sis open, but McDonald'syou can't
sitin McDonald's now. There's no place that you can
go and actually sit but the library. You can only be
in the library a maximum of an hour, | think. You
know what I'm saying? It's a lot of work but--It's
important to keep people alive because | think that's
what our main focus should beright by now isto keep
people alive, healthy and safe. [Patient 48]

To ensure access to technology, there needs to be an enhanced
awareness of one's available resources. Lack of technology
resource awvareness can be just as prohibitive a barrier as not
having the device itself. Again, with closures and accessibility
restrictions due to COVID-19, overcoming the digital divide
requires active communication of available technology resources
to connect them with the individuals who need them most.

And lastly, patients expressed that improving the patient-facing
functionality and usability of technology in health care would
facilitate technology usage. Suggestions such as more
patient-friendly online portals, the ability to share visits more
easily, granting portal accessto morethan just 1 individual (eg,
to 2 parents), and video visit platforms that were easier to
navigate were all cited as potential solutions to bridging the
technology divide. Improved user interfaces could improve how
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patients use these tools in their own care or to assist family and
friends with their care.

Technology Training

The second overall solution theme to the digital divide wasthe
provision of technology training to improve digital literacy.
One subtheme called for in-person training because it is more
relatable and easier to understand. Patients emphasized that the
instruction needs to be “simple, simple, simple. It got to be
simple (Patient 36)" particularly for older adults or individuals
with cognitive impairments such as memory loss. Patients
recommended educational institutions such as universities and
health care organi zations as good venues for hosting workshops,
ongoing classes, and even a dedicated technology help desk in
clinics where patients and family members could learn how to
navigate their online patient portalsin-person, conduct a video
visit, and use technology in general:

They have classes for everything at the university.
Just like they set that up, set a class up. When people
come in the hospital, they can go, “ Oh you know
what? Oh, they having technology class. Since I'm
here at the clinic that day, oh let me see they had a
class that day? [Patient 32]

Additionally, synchronous (eg, aphone line) and asynchronous
(eg, preparatory instructional videos and written information)
remote learning resources can help patients overcome
technology issues related to video visits or the use of patient
portals. To troubleshoot potential challenges in advance, some
also suggested virtual practice sessions and opportunities to
access their video visit platforms prior to their actual
appointment. Of al the proposed remote assistance
recommendations, the most common was the establishment of
a dedicated technology helpline and help desk for patients,
particularly because it can be difficult to reach someone to
resolve technology issues viathe main clinic line:

It'd be helpful if the doctor probably had a tech

department...Where you don't have to wait for your

doctor to call you back or your nurseto call you back

in regard to getting on to your appointment. [Patient

4]
Intergenerational help from technol ogy-savvy family members
such as children and grandchil dren was another commonly cited
way to overcomeissueswith technology literacy. Many patients,
particularly older adults, reported having a greater dependency
on tech-savvy younger relatives and friends, highlighting the
importance of intergenerational assistance to help less
technology literate patients navigate technology:

| can't do the latest model phone they have out. My
granddaughter won't give me one of those but my
great-grandchildren have them. That's who teach me
how to work on the computer and it's stuff my
great-grandchildren, the little ones. If | have trouble
with my video visit, | have two " greats® sitting right
here. [Patient 8]

Similar to the subthemes about enhancing access to technology

and increasing awareness of those resourcesin the community,

most patients also emphasized expanding technology training
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and resource awareness to address digital literacy gaps.
Extending this, severa patients aso envisioned having
technology champions and coaches directly intheir community.
These individuals could then volunteer to use their knowledge
of computers and smartphones to educate others in their
communities:

It actually hastwo advantagestoit. One, itiscreating
ajob for two peopleto comein to teach, definitely be
the patient that they will benefit from it. It does get
another people that will be able to talk and
communicate with other people, so they can teach
each other because that's how we learn; we learn
from one another. If they have a technology class,
and maybe they're saying, okay, thisiswhat you need
to do to take classes. Maybe they don't know how to
set it, maybe | do. Okay, you know what? I'll show
you how. The teacher is learning from the students
and the students are learning from the teacher too.
Being knowledgeable, it balances out and nearly
everybody feels needed. [Patient 2]

Supporting Low-Tech Health Care Modalities

The final theme rested on the recognition that patients who
could not or would not cross the digital divide will continue to
suffer interms of their health care access. For theseindividuals,
the need to provide continued equitable access to quality care
is paramount. This quality care includes the continued use of
low-tech communication modalities such as phone calls and
postal mailing to convey important information such as how to
get their COVID-19 vaccine.

| think that senior people should have a little special
consideration seeing that because of the fact that a
lot of them are not technically technology-oriented.
Why you don't call them, and tell them when they can
get an appointment for the vaccine? Why do they have
to go online and look for an email, when they don't
do computer? See, | have somebody facing thisright
now. | think that they should reach out to those
people. They shouldn't have to reach out to them.
Then some of them are not in line for it because of
the lack of technology and | think that's wrong.
[Patient 19]

Audio-only telephone visits are particularly important for
individuals with physical or cognitive limitations, given they
described completing a video or in-clinic visit challenging if
not impossible.

Some of it is because of COVID. Sometimes it's
because the cases it seems, I'm not feeling good and
depending on what's going on with us, it can become
challenging to get him up and get him dressed and
get himto the doctor. It's (audio-only tel ephone visits)
talking to your doctors, it's not a joy call. You know
what I'm saying? This is not where you stand up to
go out to dinner, we're talking about life and death
here. [Patient 2]

Furthermore, low-tech health care delivery in the form of home
visits is an important adjunct to care for select patients, and
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provided acritical health care lifeline that should be supported
beyond the pandemic:

My dad and | live together and he's elderly, he
struggleswith traveling. My thing would be something
that would be available for those who are disabled,
obviously the elderly who are not in a nursing home
or hospice. You know what I’ m saying, nursing home
care or independent care where professionals can
come in and provide the vaccine. They can set up
appointments. Essentially, it would be like Door Dash
but for vaccines. [Patient 48]

For many, the pandemic exacerbated the isolation of older and
technology-challenged individuals. One patient commented on
the need to not only continue providing these low-tech forms
of health care and communication but health care organizations
also need to increase their efforts and proactively reach out to
our society’s most vulnerable individuals:

This is technology going on, a lot of them are lost.
They have no idea because they never worked on the
computers. They never had to. Our seniors get lost
in the system because they're senior and they're older
and they don't have anybody to come and help them.
I know somebody that ain't seen their doctor in two
years but the doctor never reached out to them either
and | was like, well, that's not a good thing. You're
the doctor and your patient is a cardiac patient so if
you haven't seen your patient in three monthswoul dn't
you have your nurse call and say, ‘ You know what
we ain't see miss so an so because she hasrespiratory
problems cardiac problems. e need to reach out to
her. Because maybe there's something going on. If
she doesn't have anybody to come see about it and
she can't remember to call the doctor because she's
feeling bad, then what's going to happen? They'll find
her dead in her apartment and then they'll go, ‘Well,
nobody called, nobody checked! | know thisis a lot
of work but it'simportant to keep peopl e alive because
| think that's what our main focus should be right by
now isto keep peoplealive, healthy and safe. [ Patient
2]

Discussion

Principal Findings

Thisisthe first study to directly explore patients' perspectives
onthedigital divide and capture them qualitatively in their own
words. While an individua’s technologic ability and access
were noted as fundamental causes of the digital divide, other
factors such aslack of awareness of community resources often
disconnected support from vulnerableindividuals. Furthermore,
while advanced age has been cited as a contributing factor to
thedividein prior demographic studies, patients also noted that
health limitations such as cognitive decline and memory loss
increase technologic isolation [7,20-28]. The resultant lack of
familiarity and understanding along with rapid advances of
technology leave many older individuals and those with
cognitive impairments feeling frustrated, distrustful, and
unwilling to learn. The staggering prevalence of dementia in
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our society has left many home-bound and reliant on family
and friends for care [40-43]. Given estimates that the number
of individualsliving with dementiawill rise from 55 millionin
2019 to 78 million by 2030 and 139 million by 2050, these are
important causative factors to account for as our population’s
median age and cognitive illnesses continue to increase [44].

Patients also thought broadly about the divide, recognizing
impacts beyond health care (eg, employment, access to
nonmedical information, and day-to-day functions critical to
individual economic stability such as persona financial
management). Education in particular was at the forefront of
patient’s minds, primarily because of the advent of remote
schooling. However, it is important to know there are many
studiesthat have shown apositive correl ation between education
and quality and longevity of life[45]. Some patients spoke about
the“Homework Gap,” referring to the lack of equitable student
accessto high-capacity broadband at home [46,47]. While 93%
of people in US households with school-age children reported
their child engaged in someform of “distancelearning,” results
from the ongoing US Census Bureau Household Pulse Survey
showed that children in high-income households used online
resources at higher ratesthan thosein lower-income households
[48]. When the pandemic began, 15-16 million K-12 students
did not have adequate access to the internet, and by January
2021, up to 12 million students remained under-connected [49].
Even when students did have internet, lack of service provider
competition in underserved areas caused unfair pricing and
digita redlining, which is the systematic exclusion of
low-income neighborhoods from fast broadband service [50,51].
Additionally, an estimated 75% of state and local efforts to
bridge digital divide enacted during the pandemic to connect
students are due to expire in the next 1-3 years [52]. Based on
our patients' experiences and the direct relationship between
educational attainment and wellness, it is critical to ensure
temporarily connected but underserved students are not |eft
digitally unsupported again [45].

While technology can alleviate disparities among vulnerable
populations, it can also creaste barriers that perpetuate
inequalities[20,53-58]. Patients recognized this dichotomy, and
because of our society’s dependence on technology, patients
thought the far reaching effects of the digital divide not only
worsened pre-existing societal disparities but also excluded and
isolated less-resourced communities. As a result, responses
illustrated that technology access and literacy were not only
viewed as a basic 21st century right, but patient experiences
showed it to be aso inextricably intertwined with all 5 social
determinants of health (SDOH): (1) health care access and
quality, (2) neighborhoods and built environment infrastructure,
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(3) social and community context, (4) economic stability, and
(5) education access and quality. Based on our patients
experiences, it is clear that technology is not the sixth domain
on the list of SDOH [59-61]. Rather it is a major controller of
every SDOH and the environment in which they can be accessed
fully (Figure 3). For example, a stable internet condition and
computer are prerequisitesfor many forms of education. Without
these, individuals are unable to take advantage of al that their
education offersand often have to undertake cumbersome efforts
or greater cost to keep stride with their technol ogy-literate peers.
Insufficient technology access and literacy are the drivers of
the various SDOH, profoundly influencing whether they are
functional or dysfunctional and impacting one's overall health
and quality of life. Examples such as this reflect the modern
reality that patients described—one in which technology is a
gateway to health and wellness, and thus equivalent to other
basic needs—and was the basis for their call for solutions to
support technology use.

Patients had insightful solutionsto begin supporting technology
asabasic need, beginning with obtaining abetter understanding
of patients technical needs. Conducting a needs assessment
and screening patientsfor their technology needswereimportant
in the health care setting, which fits well within the role and
function of the medical home [62-64]. Health care organizations
are in an ideal position to develop strategies for overcoming
barriers to technology in medical care. However, this is not
possible until greater knowledge about patients' technology
literacy and access is determined.

A number of creative wayswere proposed to support technology
access, ranging from direct provision and subsidization of
devicesto regulated pricing. Patients described the phenomenon
of “Parking-Lot Wi-Fi,” which is people sitting in parking lots
of shuttered libraries, shops, and schoolsto connect to their only
source of Wi-Fi internet access [65]. Squatting in proximity of
public Wi-Fi has become so commonplace that states have
begun publishing parking lot maps for residents without home
internet access [66,67]. However, even in areas where federal
internet service maps indicate broadband access, there are still
pockets within these areas that lack affordable, high-speed
internet [68]. These communities, known as internet or digital
deserts, are often in urban areas, and a Census Bureau Survey
showed that 3 times as many households in urban areas remain
unconnected as in rura areas [69,70]. Although there are
high-cost reformsin places such as the Connect AmericaFund,
which provides funding to service providers that commit to
offer voice and broadband servicesto fixed locationsin unserved
high-cost areas, digital deserts and redlining continue to exist
[71].
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Figure 3. A conceptual model of patient perceptions of technology access and literacy, as it relates to the various socia determinants of health.
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Ensuring technology access addressesonly 1 facet of thedivide,
patients recognized improved technology design and training
arealso critical for improving technical literacy. Asan example,
patients asked for improved functionality of existing health care
technology such as patient portals and video visit platforms.
Callsto incorporate the patient perspective in technology design
to support not only clinicians but also patients is not a new
concept [42]. However, patients are currently asking health care
organizations to establish a separate set of resources such as a
patient-facing addition of theinformation technology department
to directly support patients with telehealth use. In the face of
the digital divide and increasing dependence on telehealth,
participatory design and support are more important than ever
to consider. Furthermore, given our aging population and the
cognitive challenges they often face, providing a simpler and
less overwhelming version of these platforms is needed. For
example, interfaces with features such as voice activation,
memory aids to improve ability to remember important tasks,
and easier access sharing with caregivers can make navigation
easier and promote a higher level of technical independence
[42,72].

Libraries were often cited as a key potential solution to the
divide. Libraries hold great promisein helping solvethe overall
literacy challenges faced by many US adults[73], aswell asin
addressing technology access and literacy barriers [74-79].
Given their existing social infrastructure and location in
communities of need, libraries are well positioned to become
part of amore equitable ecosystem of learning, providing access
to knowledge, resources, and training that may not otherwise
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be accessible to people with lower incomes [78,79].
Unfortunately, the pandemic has greatly limited accessto many
of these spaces and supports, leading patients to ask for a
continued re-examination of the role and servicesthat libraries
provide. They and other social infrastructures such as churches,
senior centers, schools, and parks are important shared spaces
in our communities[75]. These spaces have the potential to not
only pivot and repurpose existing services but also innovate
and collaborate in new waysto bridge the divide and better meet
the evolving needs of their communities. To facilitate this
transformation, policymakers must invest in efforts such asthe
E-Rate Program, which was started in 1996 to help public
schools and libraries cover the cost of internet access in their
buildings. Programs such asthe E-Rate can enablelibrariesand
other socid infrastructures to take stock of how they are used
within marginalized communities and invest in efforts to bring
technology access and training to underserved households
[76-79].

Beyond providing enhanced technol ogy resources, patientsalso
recoghized it was equally important to identify, organize, and
connect these servicesand resourcesto disconnected individuals.
Efforts such as NowPow, a personalized community referral
platform that draws on acomprehensively sourced and updated
community resource directory, alow clinicians to connect
patientsto needed medical or social self-care resources[80,81].
Comprehensive, technology-based community asset census
mapping will increase awareness of these services and combat
the decentralization of community resources by alowing
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organizations to work synergistically toward their shared goals
of individual empowerment and wellness.

Lastly, patients called for the need to support low-tech health
care solutions (eg, audio-only phonevisits, mailing information,
and home visits) in the wake of the digital divide. This was
made especially clear by patients who had difficulty navigating
video visit platforms and COV1D-19 vaccination efforts through
patient portals and online scheduling [82]. While some
individuals were open to attempting these new and unfamiliar
forms of health care, especially if intergenerational support was
available, many were not willing or able to. In these situations,
it was necessary to support their continued access to care as a
basic right for health care equity.

Supporting low-tech, audio-only virtual care has become an
increasingly relevant concern, especialy if reimbursement parity
between telephone and video visits is discontinued and
audio-only phone visits ae no longer reimbursed
[7,23,30,31,83-86]. Furthermore, if audio-only visits are not
supported, those unableto navigate avideo visit may defer care
altogether—a common occurrence among patients during the
pandemic [87,88]. Telephone visits support high-quality care,
particularly in primary care and community health settings.
Since 2010, the Veterans Health Administration hasincorporated
scheduled telephone visits into their patient-centered medical
home model to improve care access and efficiency [84,89]. In
studies with seniors and in mental health settings, audio-only
phone visits were as effective as video in resolving urgent and
nonemergent needs [90,91]. And in safety-net populations,
telephone visits during the pandemic increased access to care,
reduced wait times, and in certain circumstances, offered high
quality of care comparable to that of video visits [28]. While
additional study isneeded to compare experiences and outcomes
of video and audio-only visits, the potential benefits of video
visits will not be realized if patients cannot navigate the
technology. As such, continued support of low-tech but
high-value care and communication is needed. Further,
innovative approaches are necessary to overcome some of the
challenges of conducting research with socially disadvantaged
and technologically isolated groups, to increase their voice and
representation in health and medical research [92].

Limitations

Our study has severa limitations which are important to note.
While we conducted our study with both adult and pediatric
parents, thisis a single-institution study and we only included
patients that had prior virtual visit experience (phone or video
visits), both of which may limit generalizability to other patient
populations. It is important to note, however, that surveying
this population gave us access to patients who are on both
extremes of the digital divide: those that may not have had the
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technology access and literacy to conduct video visits and had
audio-only phone visits, as well as those who were more
digitally literate and connected and able to have video visits.
Another limitation to generalizability isthe large percentage of
our study population with higher education, therefore
representing amore socioeconomically wealthy group. However,
it is important to note that nearly one-third of our respondent
population had an educational attainment level of high school
or less, and that the majority of our respondents had Medicaid
or Medicareinsurance. Furthermore, we only solicited theviews
of primary care clinic patients; results may differ when
interviewing specialty clinic patients. Additionally, our low
response rate may have contributed to anonresponse bias. Socia
desirability and recall bias may haveimpacted patient responses
to our interview questions.

Conclusions and Future Directions

Patients are keenly aware of the digital divide and how it
disparately impacts health, work, education, community and
social contexts, and personal economic stability. Assuch, digital
access and literacy are not merely another SDOH, they arein
fact drivers of each SDOH and are fundamental to their function
or dysfunction (Figure 3). Given the complexity of the divide,
ashared responsibility between the government, private sector,
socia infrastructure such as hedth care organizations,
community organizations, public services, and individual
citizens is needed. Community and organizational needs
assessments are essential to identify and target the most
impactful interventions. Providing technology is a necessary
first step; however, solutions must reach beyond access aone.
Development and dissemination of technology literacy training
programs and increasing awareness and coordination of available
resources will take time. Importantly, even with al of these
efforts, somewill never crossthe divide. For these individuals,
it is necessary to continue to support low-tech means of
communication and health care delivery to prevent further
isolation and widening of the digital divide.

Future work is needed to understand the technology needs of
digitally disconnected and excluded individuals and
communities. As telehealth continues to be integrated into
clinical care delivery models, studies should explore how video
versus audio-only phone visits impact patient experiences and
outcomes, aswell astherole of digital navigation to proactively
identify and address technology needs. Advocacy efforts should
focuson the utilization of public and private resourcesto address
i ssues such as expanding device and broadband internet access,
improving general and hedth technology literacy, and
advocating for policy to continue supporting both high- and
low-tech forms of health care delivery for those unableto cross
the divide.
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Abstract

Background: Theuse of graphic narratives, defined as storiesthat useimagesfor narration, isgrowing in health communication.

Objective: The aim of this study was to describe the design and implementation of a graphic narrative screensaver (GNS) to
communicate aguideline recommendation (ie, avoiding low-value acid suppressive therapy [AST] usein hospital inpatients) and
examine the comparative effectiveness of the GNS versus a text-based screensaver (TBS) on clinical practice (ie, low-value AST
prescriptions) and clinician recall.

Methods: During a2-year period, the GNS and the TBS were displayed on inpatient clinical workstations. The numbers of new
AST prescriptions were examined in the four quarters before, the three quarters during, and the one quarter after screensavers
were implemented. Additionally, an electronic survey was sent to resident physicians 1 year after the intervention to assess
screensaver recall.

Results. Designing an aesthetically engaging graphic that could be rapidly understood was critical in the development of the
GNS. The odds of receiving an AST prescription on medicine and medicine subspecialty services after the screensavers were
implemented were lower for all four quarters (ie, GNS and TBS broadcast together, only TBS broadcast, only GNS broadcast,
and no AST screensavers broadcast) compared to the quarter prior to implementation (odds ratio [OR] 0.85, 95% CI 0.78-0.92;
OR0.89, 95% CI 0.82-0.97; OR 0.87, 95% CI 0.80-0.95; and OR 0.81, 95% CI 0.75-0.89, respectively; P<.001 for all comparisons).
There were no statistically significant decreases for other high-volume services, such as the surgical services. These declines
appear to have begun prior to screensaver implementation. When surveyed about the screensaver content 1 year later, resident
physicians recalled both the GNS and TBS (43/70, 61%, vs 54/70, 77%; P=.07) and those who recalled the screensaver were
more likely to recall the main message of the GNS compared to the TBS (30/43, 70%, vs 1/54, 2%; P<.001).

Conclusions; It is feasible to use a graphic narrative embedded in a broadcast screensaver to communicate a guideline
recommendation, but further study is needed to determine the impact of graphic narratives on clinical practice.

(JMIR Hum Factors 2021;8(4):€27171) doi:10.2196/27171
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Introduction

The use of graphic narratives is growing in health
communication [1]. They are characterized as cohesive stories
with an identifiable beginning, middle, and end that include
characters, raise questions, provide resolution, and use images
for narration. Graphic narratives have been successfully used
by the American Cancer Society and the US Centersfor Disease
Control and Prevention in patient-facing communication [2,3].
The theoretical underpinnings for behavior change resulting
from narratives include socia cognitive theory and the theory
of reasoned action [4].

Prior work in health communication has also evaluated the use
of broadcast screensavers as educational toolsfor disseminating
information to hospital staff, with mixed results[5-7]. No study
to date has specifically examined the comparative effectiveness
of different approaches to communicate messages using
broadcast screensavers targeted to health care providers.

In this study, we describe the feasibility of designing and
implementing a graphic narrative to communicate a guideline
recommendation—namely, avoiding acid suppressive therapy
(AST) in hospital inpatients at low risk of gastric stress
ulcers—to health care providers through the use of broadcast
screensavers, and we examine the comparative effectiveness of
a graphic narrative screensaver (GBS) versus a text-based
screensaver (TBS) on clinical practiceand clinician recall [8-11].

Methods

Overview

This was a descriptive feasibility study as well as a
guasi-experimental evaluative study that examined change in
clinical practice over a 2-year period and included an
experimental survey component to examine clinician recall.
The study site was a single academic heath care system
consisting of three hospitalsin an urban environment. The study
was approved by the Institutional Review Board of the
University of Pennsylvania.

Graphic Narrative Design

The GNS and the TBS were designed to communicate the risk
of unindicated AST prescription. We developed narratives
through meetings in which feedback around the low-value
prescription of AST was solicited in a semistructured manner
from health care system faculty, nurses, fellows, and residents.
The focus of these meetings was to elicit knowledge gaps,
attitudes, and beliefs related to AST use. We contracted a
graphic designer to create aslide that could be broadcast on the
screensaver of inpatient clinical workstations and used
established techniques and theoretical frameworksin narrative
communication [4]. The slide was developed and refined in an
iterative fashion in which the designer presented ideas and
prototypes in three rounds to the research team, which was
composed of decison scientists and clinicians. We

https://humanfactors.jmir.org/2021/4/e27171

simultaneously devel oped text-based, probabilistic descriptions
of the published guidelinesfrom the Choosing Wisely campaign
to compare with the graphic narratives.

Screensaver | ntervention

Study screensavers were added to an existing, rotating deck of
screensaver dides updated on the first of each month and
displayed on al clinical workstation computers of all inpatient
units in the three urban hospitals of our academic health care
system. Slides were displayed from the deck in random order,
lasting 18 seconds per slide. In most months, there are 10 or
fewer didesinrotation, and rarely are there morethan 20 slides
in rotation. For the initial 3-month block of our study
intervention period (October to December 2014), the GNS and
TBSwere both included in the slide deck for broadcasting. For
the next 3 months (January to March 2015), only the TBS was
included in the dide deck for broadcasting, followed by a
3-month block (April to June 2015) where only the GNS was
included inthe dide deck. Thefina 3 months of the study period
(July to September 2015) included neither of the study
screensavers.

AST Prescriptions

New discharge prescriptions of AST for all low-risk inpatients
were measured prior to, during, and following implementation
of theintervention screensavers using datafrom our health care
system’s electronic medical record (Allscripts). Patients were
included if they were admitted and discharged during our study
period of October 1, 2013, to September 30, 2015. Inpatients
were defined as “low risk” using criteria from the American
Society of Health-System Pharmacists guideline on AST use
[12]. To ensure we included only low-risk inpatients in our
analysis, the following patients were excluded: intensive care
unit patients with an international normalized ratio of >1.9 or
partial thromboplastin time of >54, patients on mechanical
ventilation, patients with a history of or current peptic ulcer
disease (ICD-9 [International Classification of Diseases, Ninth
Revision] codes 531-533), and patients cared for ontheclinical
research unit, hospice, and gastroenterol ogy medical or surgical
service. Patientswho werelessthan 18 years of age, |eft against
medical advice, expired during hospitalization, or discharged
to hospice were also excluded. AST was defined as any of the
following: proton pump inhibitors (ie, lansoprazole, omeprazole,
pantoprazole, dexlansoprazole, esomeprazol e, and rabeprazole)
or histamine H2-receptor antagonists (ie, cimetidine, famotidine,
nizatidine, and ranitidine).

Resident Physician Survey

One year after the screensavers were broadcast, an electronic
guestionnairewasemailed to al second- and third-year internal
medicineresident physicians. First-year residentswere excluded
as they had not been exposed to the intervention.

To evaluate retention of guideline information, the survey had
an experimental design. Participantswere shown the slidesfrom
the screensavers with all written content deliberately blurred.
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Residents were then asked to recall if they had seen the dide
and to describe the content of the dide from memory.
Participants were al so asked about prescribing patterns of AST,
adverse effects of AST, and how their prescribing patterns had
changed in the previous year. The survey was emailed four
times to the study population. To compensate the residents for
their participation, they were entered into a lottery for one of
six US $25 gift cards or an Apple Watch.

Statistical Analysis

Summary statistics, such as frequencies and percentages or
means and SDs, were used to describe the patient population
intermsof sex, race, age, hospital, and clinical service. Clinical
discharge service wasdivided into six groups:. (1) medicine (eg,
general internal medicine), (2) surgery (eg, orthopedics,
neurosurgery, general surgery, and urology), (3) medical
subspecialty services (eg, oncology, cardiology, pulmonary,
andinfectious disease), (4) family medicine, (5) neurology, and
(6) obstetrics and gynecology. The 2-year study period was
divided into eight, 3-month blocks: prequarter 1, prequarter 2,
prequarter 3, prequarter 4, GNS and TBS, TBS alone, GNS
alone, and postquarter. To assess trends in AST prescriptions,

Sinnenberg et a

logistic regressionsthat were modeled on receiving anew AST
prescription on discharge, adjusted for sex, race, age, and
hospital, were devel oped. The modelsfor each 3-month period
were compared to prequarter 4 (ie, the 3-month period prior to
the intervention).

Standard summary statistics were used to describe participants
in the survey. To compare differences in screensaver recall,
chi-square and McNemar tests were used. All analyses were
performed using SAS statistical software (version 9.4; SAS
Ingtitute).

Results

Graphic Narrative Design and I mplementation

During our semistructured meetings, we found the following
to be important features of graphic narrative design: crafting
the guideline-based message into narrative form; creating a
narrative that is attention grabbing, such that it attracts busy
hospital staff; and ensuring that the graphic narrative is quickly
comprehensible. We contracted a designer who was able to
create a graphic narrative that met these key reguirements
(Figure 1).

Figure 1. Screensaver interventions (A) and experimental survey design (B) containing screensavers blinded by blurring all content-specific text.
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stress wlcers, are assaciated with adverse drug events and increased medication
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Effect of GNSand TBSon Acid Suppressive Therapy
Prescriptions

During the 2-year period, 157,110 patients were admitted to
one of the three study hospitals, of which 97,767 met the
inclusion criteria (62.2%). The patient sample was 60.9%
(n=59,495) male, 53.3% (n=51,017) White, and 41.1%
(n=39,419) African American or Black, and had a mean age of
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wabut he didn’t expect this wave:

52.0 (SD 19.2) years. Most patients were discharged from
surgical services(n=31,429, 32.1%), followed by obstetricsand
gynecology (n=21,117, 21.6%), internal medicine (n=20,934,
21.4%), internal medicine subspecialty (n=20,592, 21.1%),
neurology (n=2526, 2.6%), and family medicine (n=1169, 1.2%)
services. A total of 56.0% (n=54,799) of the patients were
discharged directly home.

& Penn Medicine
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After adjusting for sex, race, age, and hospital, for both medicine
and medicine subspecialty services combined, the odds of
receiving an AST prescription after the screensaver interventions
wereimplemented was lower for all four quarters (ie, GNS and
TBS, TBS aone, GNS aone, and postquarter) compared to
prequarter 4 (oddsratio [OR] 0.85, 95% CI 0.78-0.92; OR 0.89,

Sinnenberg et a

95% CI 0.82-0.97; OR 0.87, 95% Cl 0.80-0.95; and OR 0.81,
95% CI 0.75-0.89, respectively; P<.001 for all comparisons).
There were no statistically significant decreases for the other
services. These declines appear to have begun prior to
screensaver implementation (Figure 2).

Figure2. Acid suppressivetherapy (AST) prescription patterns during the study period. GNS: graphic narrative screensaver; TBS: text-based screensaver.
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Resident Physician Survey

Of the 97 residents invited to participate, 70 (72%) completed
the survey. The median age of participantswas 29 (IQR 2) years,
and 51% (n=36) were male. Most residents indicated that they
could recall seeing boththe GNSand TBS (n=43, 61%, vsn=54,
77%; P=.07). When those who recalled seeing the screensavers
were asked where they had seen theimage, 93% (40/43) recalled
that the GNS was a screensaver, compared to 24% (13/54) for
the TBS. Furthermore, 70% (30/43) could recall the main topic
of the GNS, compared to 2% (1/54) of the TBS (P<.001). Many
residents indicated that they prescribed fewer ASTs than they
did 1 year prior (38/70, 54%), and 8% (3/38) of these
participants directly attributed their change to the screensavers.

Discussion

We sought to design a GNS that communicated guideline
recommendations. In a design process that included
semistructured meetings with key stakeholders as well as the
efforts of a professional graphic designer, we found that it was
feasible to create and disseminate a graphic narrative to
summarize and communicate guideline recommendations.

In our study period, approximately one-quarter of patientswere
discharged with inappropriate AST prescriptions, but these AST
prescriptions decreased over time on the nonsurgical services.

https://humanfactors.jmir.org/2021/4/e27171

RenderX

This decrease, however, appeared to have begun prior to the
screensaver intervention. It is possible that there were ongoing
efforts on the nonsurgical services to reduce unnecessary AST
prescriptions, and it is unknown whether the screensaver
initiative may have potentiated this effect. The intervention
seems to have had a lower effect on the surgica services,
potentially related to lesstime spent by surgical serviceresidents
on the computer workstation.

Our study raises the possibility that GNSs may be useful tools
for disseminating guideline recommendations. It is possible that
the residents recognized the Choosing Wisely logo in the TBS
leading to improved recognition compared to the GNS, although
this difference was not statistically significant. This did not
result in improved content-specific recall, however, which was
significantly greater for the GNS compared to the TBS. Thisis
consistent with prior work that demonstrated improved
information delivery to clinicians when content was presented
in narrative form as opposed to asummary statement form [13].
Further work should be done to understand whether graphic
narratives have an impact on clinical practice and, if so, what
features of graphic narratives improve information delivery.

Our study has limitations. We incorporated our screensavers
into an existing broadcast screensaver program within an
academic health care system. Guideline dissemination via
broadcast screensavers may prove more challenging in

JMIR Hum Factors 2021 | vol. 8| iss. 4 [€27171 | p.279
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

nonacademic settings without established broadcast screensaver
programs. In addition, our quasi-experimental design prevents
us from isolating the effects of our intervention from other
interventions that may have concurrently affected AST
prescription rates. The survey portion of our work had a
relatively small sample size, which may have limited our ability
to detect differences in recognition and recall. Future work

Sinnenberg et a

should employ arandomized design to best isolate the effect of
GNSs from other interventions.

In conclusion, it isfeasibleto use agraphic narrative embedded
in a broadcast screensaver to communicate a guideline
recommendation, but further study is needed to determine the
impact of graphic narratives on clinical practice.
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