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Abstract

Background: When someone needsto know whether and when to seek medical attention, there are arange of optionsto consider.
Each will have consequences for theindividual (primarily considering trust, convenience, usefulness, and opportunity costs) and
for the wider health system (affecting clinical throughput, cost, and system efficiency). Digital symptom assessment technologies
that leverage artificial intelligence may help patients navigate to the right type of care with the correct degree of urgency. However,
arecent review highlighted a gap in the literature on the real-world usability of these technologies.

Objective:  We sought to explore the usability, acceptability, and utility of one such symptom assessment technology, Ada, in
aprimary care setting.

Methods: Patients with anew complaint attending a primary care clinic in South London were invited to use a custom version
of the Ada symptom assessment mobile app. This exploratory pilot study was conducted between November 2017 and January
2018 in a practice with 20,000 registered patients. Participants were asked to complete an Ada self-assessment about their
presenting complaint on a study smartphone, with assistance provided if required. Perceptions on the app and its utility were
collected through a self-completed study questionnaire following completion of the Ada self-assessment.

Results. Over a3-month period, 523 patients participated. Most were female (n=325, 62.1%), mean age 39.79 years (SD 17.7
years), with alarger proportion (413/506, 81.6%) of working-age individuals (aged 15-64) than the general population (66.0%).
Participants rated Ada’s ease of use highly, with most (511/522, 97.8%) reporting it was very or quite easy. Most would use Ada
again (443/503, 88.1%) and agreed they would recommend it to a friend or relative (444/520, 85.3%). We identified a number
of age-related trends among respondents, with a directional trend for more young respondents to report Ada had provided helpful
advice (50/54, 93%, 18-24-year olds reported helpful) than older respondents (19/32, 59%, adults aged 70+ reported helpful).
We found no sex differences on any of the usability questions fielded. While most respondents reported that using the symptom
checker would not have made a difference in their care-seeking behavior (425/494, 86.0%), a sizable minority (63/494, 12.8%)
reported they would have used lower-intensity care such as self-care, pharmacy, or delaying their appointment. The proportion
was higher for patients aged 18-24 (11/50, 22%) than aged 70+ (0/28, 0%).

Conclusions: In thisexploratory pilot study, the digital symptom checker was rated as highly usable and acceptable by patients
inaprimary care setting. Further research is needed to confirm whether the app might appropriately direct patientsto timely care,
and understand how this might save resources for the health system. More work is also needed to ensure the benefits accrue
equally to older age groups.

(JMIR Hum Factors 2020;7(3):€19713) doi:10.2196/19713
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Introduction

Background

When a person experiences a new medical symptom, there is
an ever-expanding menu of heath care-seeking options
available. The option they choose may be influenced by factors
such as age, sex, the nature of the complaint, chronic ill health,
trust in their physician, socioeconomic factors [1], and where
applicable, out-of-pocket costs [2]. Within the traditional UK
medical system, they might seek carefrom ahospital emergency
department, general practitioner (GP), telephone triage service
(eg, 111 inthe UK), pharmacist, or urgent treatment center [3].
More recently, internet-enabled options have emerged such as
using a search engine to look up symptoms (Dr Google),
high-quality online resources such as NHS Choices [4],
symptom checkers [5,6], telehealth consultations by phone or
videocall [7], Minute Clinics [8] that can be booked via
smartphone, and peer-to-peer networking [9]. Some two-thirds
of patients have searched their symptoms online before adoctor
visit [10], with risks of inappropriate information and alack of
appropriate triage for urgent cases [5].

Against the background of an aging population, high burden of
chronic conditions, growing consultation rates, and lengthening
clinical visits, the overall workload on primary care [11] and
emergency medicine [12] is increasing substantialy [11].
Accordingly, supply-orientated improvements to traditional
processes such as diversion of nonurgent patients [13], nurse
triage, fast-tracking [ 12], and tel ephonetriage [ 14] seek to more
optimally use professional resources. On thedemand side, public
health campaigns admonish patients via marketing campaigns
with blunt messages such as Don't go to A&E. However, in a
chronically under-resourced system, making relatively minor
adjustmentswill yield relatively small results[13], and applying
a broad approach to dissuading use of medical resources may
have unintended negative consequences, most people cannot
adequately distinguish between problems that are urgent,
emergency, and routine care [15]. While there is much
excitement about the potential for video consultations and the
UK Nationa Health Service (NHS) GP contract even states
“every patient will have the right to online and video
consultation by April 2021,” the accumulated experience has
been that health I T solutionswithin the NHS tend to suffer “non
adoption, abandonment, and challengesto scale-up, spread, and
sustainability” [16,17].

One potentially transformative and more scal able approach to
these challenges is digital symptom checkers [5]. Put simply,
a patient enters the symptoms they are experiencing in a
guestion-and-answer chat format, and receives suggestions as
to what the problem might be (diagnostic possihilities), the level
of care that would be appropriate (triage), and often the level
of urgency with which action should be taken. These software
toolsrely variously on adigitized body of medical knowledge,
decision trees, predictive algorithms, Bayesian inference, and

https://humanfactors.jmir.org/2020/3/€19713

testing against representative case sets to provide accurate
advice. Examples include tools developed by health providers
such asthe Mayo Clinic or NHS as well as private companies.
The potential benefits include escalation of urgent cases to
appropriate care, the diversion of nonurgent cases to self-care,
the deterrence of antibiotic overprescribing, reducing physician
burden, less need for tel ephone triage services[4], saving money
for the health system, and saving the patient’s money and time
(an average of 3 hours per visit) [5,18].

Patients seem ready to embrace such approaches given the
preponderance of technology in their daily lives[19]. A recent
survey of over 1000 L ondon residents conducted by Healthwatch
Enfield [20] suggested that most patients (63%) would welcome
use of a trusted symptom checker, though there were much
higher degrees of willingness reported by those under the age
of 40 (71%-74% agreed) than over the age of 70 (just 34%
agreed). Among the reasons why those surveyed would not
want to use a symptom checker, concerns were raised over
misdiagnosis, health anxiety, digita illiteracy, ease of use, and
wanting to see adoctor or nurse face-to-face. Although similar
ratesof interest were expressed for the use of video consultations
(eg, Skype) or email, these would have much higher burdens
on professional time than fully digital symptom checkers. This
survey hasbeen influential in UK health policy circles, receiving
press attention and prompting responses from NHS England
and NHSX, a UK government policy unit with responsibility
for developing best practice and national policy for technology
in health [21].

Aim

A recent review of patient-facing digital symptom checkers
proposed a series of next stepsthat should be undertaken by the
field to evaluate such tools [22]. In this study we used one of
the proposed approaches, that is, “Early observational studies
in clinical settings’ to “test symptom checkers in a safe,
observational manner, where patients continue to receive
standard care” We sought to ascertain the usability,
acceptability, and utility of one such symptom assessment
technology, Ada, in a primary care setting. Our aim was to
assess the potential to more effectively meet patient needs and
to consider how the use of similar technology at home might
improve patient flow in abusy primary care setting. In response
to the Healthwatch Enfield report finding a significant factor
of age in driving acceptability of symptom checkers, we
explored thisissue as a secondary question of interest.

Methods

Recruitment

Potential participants were initially informed about the Ada
study by the clinic receptionist asthey were checking in. These
potential participantswere then approached by an Adamember
of staff and asked if they would be interested in testing a new
technol ogy, on the understanding that there would be no change

JMIR Hum Factors 2020 | vol. 7 | iss. 3 e19713 | p.4
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

totheir usual care, that participation was entirely voluntary, and
that there would be no compensation for taking part. Potential
participants were excluded if they were attending for a
nonclinical reason (eg, requesting a doctor’s letter), or if they
were attending for a routine chronic disease follow-up
appointment (without acute symptoms). If they agreed,
participants were given a study smartphone preloaded with a
special test version of Ada, completed an assessment, and
handed the smartphone back to the research team. A total of 3
study smartphones were in use simultaneously. The research
team then asked each participant to complete a paper
guestionnaireto gather feedback. They then attended their doctor
consultation as normal.

M easures

Participants were asked to complete a paper questionnaire
including their full name, date of birth, sex, and Likert-scale
multiple choice questions on how likely they would be to
recommend Ada, their ease of use, whether Adaprovided hel pful
advice, whether they would useit again, and whether using Ada
changed a decision about what to do. A copy of the
questionnaire is provided in Multimedia Appendix 1.

Statistical Analysis

As a descriptive usability and acceptability study, we had no
falsifiable hypotheses and so did not undertake aformal power
analysis. The sample gathered was based on a convenience
samplefor the resources available; 2 full-time medical students
embedded within the clinic for 5 weeks. Missing data were
described per analysis and participants were not excluded for
missing data. For comparison with a prior survey, the
Healthwatch Enfield report [20], user age was recategorized
into the same age groups used in that study, <17 years, 18-24,
25-39, 40-54, 55-69, and 70+. Because data from the <17-year
age group were not reported by Healthwatch Enfield [20], they
were excluded from usability analysis. A Student t test was used
for comparison of two group means in normaly distributed
continuous data. A chi-square test was used to compare
nonparametrically distributed or categorical variable differences
or both, with statistical significance set at P<.05, two-tailed.
Statistical analyses were conducted in SPSSversion 21 (IBM).

Ethics

Ethical standards associated with product testing and usability
research were applied to this research. To understand the

https://humanfactors.jmir.org/2020/3/€19713
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relevant ethical guidelines in the UK, we employed the NHS
Health Research Authority decision tool [23], which confirmed
this study would not be considered research by the NHS because
the study participants were not randomized, did not require a
change in standard care, and were not intended to provide
generalizable findings outside the setting of interest. All data
were securely collected by Ada in a manner compliant with
1SO27001 (quality standard for information security). In
addition, Ada has a Class | medical device CE mark, is EU
General Data Protection Regulation (GDPR) compliant, and is
certified by “Bundesverband der Internetmedizin,” the German
Federal Association of Internet Medicine.

Design and Setting

The observational study was conducted between November
2017 and January 2018 at Paxton Green Group Practice, alarge
primary care clinic in the South London borough of Lambeth
with 11 working GPs caring for around 20,000 registered
patients. The team is supported by 6 practice nurses, a primary
care assistant practitioner, aclinical pharmacist, and an associate
physician, alongside 19 administrative and reception staff.
Relative to national estimates in the UK, the practice's
population skews younger (aged 25-40 years), having a
higher-than-average degree of income deprivation, and with a
higher-than-average proportion of black and ethnic minority
groups (59% white vs UK population average of 80%) [24],
with about 1 in 4 patients identifying as black. A daily Walk &
Wait Clinic is available each morning for patients without an
appointment, from which participantsin this study weredrawn.

Description of the Ada Symptom Assessment Tool

The basic principles of the Ada medical intelligence are as
follows: In the assessment, the user inputs basic health
information (eg, age, sex, smoking status, diabetes status), and
is then asked for their most troubling current symptoms
(presenting complaint). The user is then asked a series of
questions by the app, with each question asked being
dynamically chosen by Ada’s reasoning engine based on the
probabilistically determined optimal question. This question is
determined by the reasoning engine, based on all previously
supplied basic health information and symptoms. The reasoning
engine has been designed to ask abalanced number of questions
that allow reasonabl e identification of conditions from medical
history without being overly burdensome to complete (Figure
1).
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Figure 1. Conceptual overview and screenshot of the Ada symptom checker. EHR: electronic health record.
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The reasoning engine infers disease probability estimations
based on a representation of medical knowledge. The medical
knowledge baseis used to define aBayesian network, onwhich
approximate inference is carried out, and following which
information-theoretical methods are used to decide which
questions to ask to the user. The knowledge base was built and
reviewed by medical doctorsin acurated process of knowledge
integration from medical literature. It is being expanded
continuously following this standardized process. It consists of
disease models of all common conditions and several hundred
rare diseases, including their corresponding symptoms and
clinical findings. The disease modelsand their related symptoms
are added to the knowledge base and modeled according to
evidence from  peer-reviewed medical literature.
Symptoms/clinical findings can be further refined with
additional attributes, for example, intensity or temporality and
epidemiological data are used to derive the prior probabilities
of diseasesto allow for correct disease probability estimations.
Ada’s medical intelligence (meaning the combination of Ada's
reasoning engine and medica knowledge) is continually
validated against a set of several thousand internal test cases,
which comprise diseases from different medical specialtiesand
include both common and rare diseases. The set includes cases
based on medical literature (eg, published case reports) aswell
astypical clinical case scenarios that reflect different levels of
diagnostic certainty. A team of Adamedical doctors constantly
reviews the system’s inherent medical knowledge based on
these quality assurance measures. Ada's medical intelligence
isfurther verified on acontinual basisthrough a second process,
inwhich averification tool is used to test each update of Ada’'s
medical intelligence, using hundreds of caseswritten by external
doctors. These cases are kept confidential from the Adamedical
doctors who curate the medical knowledge base and the set of
casesis regularly updated.

https://humanfactors.jmir.org/2020/3/€19713

RenderX

Sore throat

People with symptoms similar to yours can usually
manage their symptoms safely at home. You could

also seek advice by visiting or contacting your local
pharmacy. If your symptoms persist longer than

Triage

expected, if they get worse, or if you notice new
symptoms, you should consult a doctor for further
assessment and advice.

: Acute throat infection
Possible

causes

Viral sinusitis

At Ada, usability engineering isdirectly integrated in the product
development process. The usability process and respective
activities heavily overlap with general design and user research
activities, yet emphasize the importance of documentation and
transparency of product decisions. At the beginning of the
product development process, generative user research is
conducted (eg, user interviews, shadowing, expert interviews)
to gain a better understanding of the user and potential
opportunities. Insights generated from this phase are passed on
to design, where initial concepts, based on user requirements,
are crafted. These concepts are often made tangible via
prototypes which range from low to high fidelity, so that they
can be evaluated with representative end users. Nonetheless,
other methods such as heuristic evaluations or cognitive walk
throughs are used to gather feedback on the general usability
and user experience of theinterface. Findingssuch asuseerrors
or usability problems are then fed back into the next design
iteration until asuitable solution hasbeen found. Thisevaluative
work isusually referred to as formative evaluations. They take
place throughout the iterative product development until the
product reaches its final state to control for risk and ensure
safety by design. Prior to release, a summative evaluation (ie,
a final evaluation of the product) is conducted to ensure the
product is effective and safe to use. Furthermore, after product
release, user feedback is collected via surveys, contextual
interviews, and large-scal e research studies, whichispart of the
postmarket monitoring activities and can initiate design
iterations to improve user experience, usability, and safety of
the product. If usability problems or areas of potential usability
improvement areidentified in the postmarket phase, then design
improvements are introduced using the same process as
described above.
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Results

User Statistics

Over a 3-month period, 523 patients completed an Ada
assessment and the questionnaire. Although data on
nonconsenting patients were not gathered, we estimate that
around two-thirds of those approached agreed to participate.
Most participants were female (Table 1, n=325, 62.1%), with
about one-third male (n=185, 35.3%) and 13 cases with no sex
reported. Relative to 2011 UK Census data, and the practice’'s
own data for all registered patients, this represents a higher
proportion of females, although females are known to use health
care services more frequently [1].

Table 1. Participant sex distribution compared with practice population.

Miller et a

Mean age of patientswas 39.79 years (SD 17.7 years), with age
data missing for 17 participants (3.3%). Relative to 2011 UK
Census broad age group data, this population had a larger
proportion (81.6%) of working-age individuals (aged 15-64)
than the general population (66%), with smaller proportions of
children (aged 0-14, 7.9% vs 18% nationally) and smaller
proportions of older people (aged 65+, 10.5% vs 16%
nationally). There were no significant differencesin mean age
between males (39.05 years, SD 19.06) and females (40.27
years, SD 17.00) using the Student t test (t5o,=.739, P=.460).
Relative to the practice's registered population, the sample
included fewer parentsreporting on behalf of children and more
middle-aged adults (Figure 2).

Sex Sample, n (%)2 Practice, n (%)°
Female 325 (62.1) 10,331 (51.61)
Male 185 (35.3) 9687 (48.39)
Not reported 13(2.4) 0(0)

aN=523.

BN=20,018.

Figure 2. Agedistribution of registered patients at the Paxton Green practice compared with sample respondents.
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Usability and Acceptance Testing

Overdl, participants rated ease of use highly, with most
participants (348/522, 66.7%) reporting it was very easy to use
Ada; most of the remaining participants reported quite easy
(163/522, 31.2%), with just 11 reporting issues (9/522, 1.7%,
quite difficult; 2/522, 0.4%, very difficult; and with 1 participant
missing data). Asshown in Table 2, relative to the Healthwatch

https://humanfactors.,jmir.org/2020/3/€19713
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RenderX

Enfield study, we saw amuch higher degree of acceptancefrom
actual users who had interacted with Ada than from (an
admittedly different) group of survey respondents being asked
how likely they thought they would be to use a (unspecified)
symptom checker.

While we had no preplanned hypotheses to test statistically,
inspection of the means suggeststhat thereisatrend for higher

JMIR Hum Factors 2020 | vol. 7 | iss. 3|e19713 | p.7
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

levels of enthusiasm, utility, willingness to use again, potential
impact on clinical decisions, and potential diversion away from
clinic by age group. For example, while 22% (11/50) of those
aged 18-24 suggested that using Ada would have changed a
decision had they used it before attending the GP, no patients

Miller et al

over the age of 70 (0/28, 0%) agreed with this statement (though
numberswere small, 28/427 respondents or 6.6% of the sample).
Nonparametric chi-sgquare testing found no sex differences on
any of the usability metrics described in Table 2 (analysis not
shown).

Table 2. Usahility and acceptance responses stratified by Healthwatch Enfield [20] respondent age categories.?

Age category Healthwatch Extremely Like- Very/Quiteeasy Yes, AdaPro-  Yes, WouldUse Yes UsingAda Yes, Would
Enfield “would  ly/Likely torecom- to use Ada vided Helpful ~ AdaAgain Changed aDeci-  Still Have
useasymptom mend Adatoa (N=450) Advice (N=433) sion Cometo Clinic
checker before  friend or relative (N=437) (N=427) if Had Used
seeking advice  (N=447) Ada Before
from GP” (N=443)
(N=1071)°

18-24,n/N (%) 74 50/54 (92.60) 54/54 (100) 49/53 (92.45)  50/54 (92.59) 11/50 (22.00) 51/53 (96.23)

25-39,n/N (%) 71 125/147 (85.03) 146/147(99.32) 116/145(80.00) 129/145 (88.97) 17/140 (12.14) 132/145(91.03)

40-54, n/N (%) 69 121/141 (85.82) 137/143(95.80) 108/138(78.26) 120/133(90.23) 19/137 (13.87) 125/140(89.29)

55-69, /N (%) 51 64/72 (88.89) 72/73(98.63) 53/69(76.81)  59/70 (84.29) 11/72 (15.28) 66/72 (91.67)

70+, n/N (%) 34 25/33 (75.76) 32/33(96.97) 19/32(59.38)  22/31(70.97) 0/28 (0.00) 32/33 (96.97)

8N values vary due to missing data; n=17 did not provide age and n=56 participants under the age of 17 were excluded from this comparison.

bOnIy percentage is reported due to missing n/N value.

Urgency Advice Levels and Redirection

One am of a digital symptom assessment tool is to give
appropriate advice and, where appropriate, to encourage
self-care (eg, self-limiting illnesses such as upper respiratory

infections). Participants were asked to self-report whether using
the Ada assessment would have changed their decisions about
what to do next. Overall, most respondents (425/494, 86.0%)
said they would not have changed their decision, with other
responses shown in Table 3.

Table 3. Self-reported predicted change in care navigation as aresult of using a symptom checker.

Did using Ada change your decision about what to do next? n (%)a’b
No 425 (86.0)
Yes—Changed my mind from wanting to see a GP® to self-care at home 23(4.6)
Yes—Changed my mind from wanting to see a GP to visiting the pharmacy 20 (4.0)
Yes—Changed my mind from wanting a same-day appointment to delaying my appointment for a few days 20 (4.0)
Yes—Changed my mind from wanting to see a GP to visiting A& = 6(12)

8Mlissing data: 29.

bTotal valid entries: 494.

CGP: general practitioner.
9A&E: accident & emergency.

Discussion

Principal Results

Inthisreal-world usability study, participantsin a South London
primary care setting endorsed Ada's ease of use, with the
majority saying they would use Ada again. These data from
peopl e given the opportunity to use areal product contrast with
the Healthwatch Enfield report survey collected in a similar
time range in the same city where respondents asked by survey
whether they would, in theory, be willing to use a briefly
described symptom checker were less enthusiastic, particularly
those in older age groups [20].

https://humanfactors.jmir.org/2020/3/€19713

Given the product’s intent of providing improved access to
health care to everyone, it was reassuring to find no sex
differences in perceived usability or utility of the symptom
checker app. However, we did find age differences on severa
key factors including willingness to use again, perceived
usefulness, and likelihood of changing a health decision. Prior
research in the field has identified age-related differences in
willingness to use technology [20], but thisis aso confounded
by the nature of the health problems presented by different age
groups. For example, a number of apps have reported a much
younger user base than the general population, and younger
users may aso reflect more engaged users.

Although speculative, the fact that older people found the app
just as easy to use but reported less engagement might suggest
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that the issue is not one of usability or familiarity with
technology. Rather, future research could explore whether older
potential users might have more interest in face-to-face
interaction with a clinician, want to discuss chronic conditions
or issues of multimorbidity, or that, having had more experience
with the health system, they might see potential risksinadigital
approach that younger people may not perceive.

Limitations

As a small feasibility study, our approach had a number of
limitationswhich wewill seek to addresswith hypothesis-driven
research in the near future. Asking patients already in a GP's
waiting room what they might have done in aquestionnaire may
have poor predictive validity compared with other markers such
as their prior behavior [25]. Unmeasured factors in this study
such asthe quality of a patient’s relationship with the GP have
been shown to be an important driver of health-seeking behavior
and should be taken into account [26]. While most respondents
said using the symptom checker would not have changed their
decision to see the GP, it is worth noting that at the point of
enrollment they were on the cusp of seeing their doctor
face-to-face, and were therefore quite committed to their current
path. Our sample contained a higher proportion of femalesthan
either the practice' sdatasuggest are registered or the UK census
data; this may be explained by females being more frequent
users of health care services [1]. Future studies should study
real-world patient behavior before they have a clinic
appointment booked.

Comparison With Prior Work: Usability

This study suggested a high degree of usability, with nearly all
respondents (511/522, 97.8%) reporting a high degree of ease
of use. Similarly, an independent study by an external academic
group unrelated to Ada sought to understand the applicability
of amultidimensional short form User Engagement Scale [27]
in mobile health apps, using the Ada symptom checker as an
example[28]. In aconvenience sample of 73 German-speaking
Swiss participants (49% female; mean age 39 years, SD 15.4
years, range 18-73), they reported ratings were high for
perceived usability and aesthetic appeal [28]. Studies of other
symptom checkers also report ahigh degree of perceived utility.
In aconvenience sample of 304 USusersof the | sabel symptom
checker, 90.1% (274/304) agreed or strongly agreed that it gave
them useful information, and a similar proportion said they
would use the tool again [29].

Comparison With Prior Work: Redirection

In terms of reducing the burden on primary care, some 12.8%
(63/494) of respondentsin this study predicted that they would
have used a less urgent care option such as a pharmacist or
self-care had they used Adabefore visiting the doctor. It remains
to be seen how many patients would actually follow advice on
where to go next, but in the survey of US Isabel symptom
checker users, about half (14/26, 54%) of those advised to go
to the emergency department reported that they did so [29].
Another recent paper reported broadly similar findings from
over 150,000 encounters with the Buoy Health symptom
checker: 18.8% of patients who had planned to visit primary
care reduced the urgency of care they would seek, and 2.6%
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increased the urgency of their intended level of care [30]. The
differences in findings between the studies are not large, and
likely primarily reflect the major design difference between the
studies: our study explored those patients who have already
chosen to attend the primary care practice, whereas the Buoy
study explored intentions expressed at home. Both approaches
have advantages and disadvantages: this study excluded those
patients who would later change their mind about attendance
after app use, whereas patient intention may have changed after
being recorded in the Buoy study, even without changed
symptoms. Our study explores a patient population who made
a proactive decision to attend the surgery: likely a population
with more severe symptoms. Other likely less significant reasons
for differences in results between the two studies may be
associated with cultural differences (UK vs USA), differences
in the platform (maobile phone vs web based), and differences
in the presentation of advice levels between the two symptom
assessment apps.

Iterative Product | mprovementsin Response to User
Feedback

One limitation of the Ada version used in this study was
difficulty interpreting many of the phrasesthat patients used to
express their initial symptoms as free text. We have sought to
address this poststudy by developing a more sophisticated
approach to recognizing the free text phrases patients are using
to describe their symptoms. This approach leverages machine
learning, which is applied if the user query does not match any
results in an internal library of recognized terms and phrases.
The machine learning approach then suggests entities from
Ada's medical knowledge database, using algorithmsthat have
been trained on previous user queries. The net effect of thisfor
the user is that Ada now recognizes a variety of different
phrases, and links these back to specific symptoms in the
database. Thisapproach a so meansthat Adacan now recognize
new phrases after they have been entered afew times by users.
It also became clear that patients often misspelled. We worked
with our product team to address this issue, and Ada is how
able to recognize and automatically correct a wide range of
incorrectly spelt terms. Another piece of feedback received was
Adashould have been made available on the primary careclinic
websiteto facilitate at-home usage. We devel oped aweb embed
version deployed at scaleto Sutter Health, alarge health system
in the United States. Several patients in the study made
commentson how we could improvethe treatment advice given
to individuals at the end of an assessment, especially when
self-careissuggested. The app now features condition-specific,
high-level treatment advice for a range of minor conditions
where self-careistypically appropriate.

Future Research

Currently, the Ada symptom assessment tool is intended to be
used at home. This study adds information on how patients
intention for aprimary care practice visit may change based on
home use of an app. The study aso provides data on the
potential for symptom checkers to be used as a waiting room
tool. Here, the combined ability to collect, record, and assess
patients symptoms, and to provide advice about the most
appropriate care may find a role in practice; for example,
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perhaps based on a fast-track app-supported doctor triage, or
based on redirecting a patient to a hurse, pharmacist, or other
health care practitioner within the GP practice. Such approaches
will be investigated in further clinical evaluation, which will
address the absolute appropriateness and safety of changesin
patient intention after symptom checker use.

In addition to usability, novel digital approaches must undergo
rigorous eval uation of diagnostic coverage, accuracy, and safety.
Inapreprint from our group (currently undergoing peer review),
we evaluated the performance of 8 popular symptom checkers
against one another and 7 human GP raters, as well as a
gold-standard diagnostic suggestion using 200 clinical vignettes
[31]. There was a range of coverage from the apps, with up to
half of potential users being ineligible to use the symptom
checker because they were too young, too old, or were pregnant;
Ada offered 99.0% of users a suggested condition diagnosis.
When suggesting potential diagnoses, human GPs made correct
suggestions among their top 3 an average of 82.1% (SD 5.2%)
of the time; the symptom checkers ranged from a low top-3
condition diagnosis accuracy of 23.5%, to Ada stop-3 condition
diagnosisaccuracy of 70.5%, coming up on top of the symptom
checker range and therefore closest to the performance of human
GPs. In terms of safety, human GPs made a safe
recommendation of what a symptom checker user should do
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next an average of 97.0% (SD 2.5%) of the time; Ada's
performance was identical at 97.0%.

Symptom checkers that undergo rigorous testing and
certification have the potential to become useful toolsto deploy
alongside human medical staff to reduce diagnostic errors,
prioritize sparse health resources, and improve documentation
and efficiency of history taking. Diagnostic errors are all too
common in our existing primary health care systems, with a
systematic review commissioned by the World Health
Organization suggesting around 2-3 safety incidents per 100
consultations in primary care, with many of these relating to
incomplete or incorrect documentation and insufficient
communication between patients and providers [3]. Another
analysis from a large US population suggests a misdiagnosis
rate by physicians of about 5% [22]. While software can be
systematically updated, upgraded, and patched at scale, the same
is not true for the existing medical system. The idea situation
would be scalable digital systems that can help the time of
physicians be more appropriately alocated to the many skills
that are beyond the current reach of digital technologies.

Conclusions

Digital symptom checkers such as Ada could have auseful role
to play in more appropriately directing patientsto theright care
in the right place at the right time.
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Abstract

Background: Overcrowding in the emergency departments has become an increasingly significant problem. Patient triage
strategies are acknowl edged to help clinicians manage patient flow and reduce patients' waiting time. However, el ectronic patient
triage systems are not developed so that they comply with clinicians’ workflow.

Objective: Thiscase study presentsthe development of apatient prioritization tool (PPT) and of the related patient prioritization
algorithm (PPA) for a pediatric emergency department (PED), relying on a human-centered design process.

Methods: Wefollowed a human-centered design process, wherein we (1) performed awork system analysisthrough observations
and interviews in an academic hospital’s PED; (2) deduced design specifications; (3) designed amock PPT and the related PPA;
and (4) performed user testing to assess the intuitiveness of the icons, the effectiveness in communicating patient priority, the fit
between the prioritization model implemented and the participants’ prioritization rules, and the participants’ satisfaction.

Results: The workflow analysis identified that the PPT interface should meet the needs of physicians and nurses, represent the
stages of patient care, and contain patient information such as waiting time, test status (eg, prescribed, in progress), age, and a
suggestion for prioritization. The mock-up developed gives the status of patients progressing through the PED; a strip represents
the patient and the patient’s characteristics, including a delay indicator that compares the patient’s waiting time to the average
waiting time of patients with a comparable reason for emergency. User tests revealed issues with icon intuitiveness, information
gaps, and possible refinements in the prioritization algorithm.

Conclusions: The results of the user tests have led to modifications to improve the usability and usefulness of the PPT and its
PPA. We discuss the value of integrating human factors into the design process for a PPT for PED. The PPT/PPA has been
developed and installed in Lille University Hospital's PED. Studies are carried out to evaluate the use and impact of thistool on
clinicians' situation awareness and prioritization-related cognitive load, prioritization of patients, waiting time, and patients
experience.

(JMIR Hum Factors 2020;7(3):€18427) doi:10.2196/18427
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Introduction

Background

Emergency department (ED) overcrowding occurswhen demand
for emergency services exceeds the capacities to provide care
[1-4]. Overcrowding has been shown to increase waiting times
and, as a consequence, delay time-sensitive treatments and
proceduresfor serious conditions, which in turn increases patient
mortality and morbidity [5,6]. In 2004, the United Kingdom’s
National Health Serviceintroduced indicatorsto ensure patients
are seen, admitted, and discharged within 4 hours of presentation
to the ED [7]. Those indicators led to the development of
specidized call centers, dedicated emergency units, mobile
emergency medical teams[8], acute medical units[9], and new
organizational protocols[10]. In the meantime, other strategies
have been shown to improve patient flow and reduce waiting
time[11,12], for example, having hospitalists manage beds[13],
having nurses support patient movement [14], having physicians
conduct early evaluation and manage patient flow [15], or
performing patient registration at the bedside [16].

Triage of patients at their arrival is along-established strategy
to identify patients with critical conditions [17]. As soon as
patients arrive in the ED, the severity of their condition is
assessed and their treatments are prioritized accordingly [18,19].
This task is usually performed by triage nurses but is more
efficient when performed by a senior physician [20] or by a
physician and a nurse [21]. In this task, clinicians may use
paper-based [22] or electronic triage systems[23-25].

Despite the weak evidence supporting the effectiveness of triage,
this strategy is acknowledged to decrease waiting time[12] and
to be a determinant of health care system performance [26].
However, the data used by today’s electronic patient triage
systems must often be entered manually by clinicians; thisis
problematic when the ED is overcrowded and therefore limits
the system’s usage and potential positive impact. Moreover,
sorting algorithmsimplemented in the electronic triage systems
are not based on actual strategies employed by the clinicians
[24,25]. Therefore, there is arisk that those systems conflict
with clinicians' workflow and disturb their work.

Study Context

The pediatric emergency department (PED) of Lille University
Hospital has a capacity of approximately 30,000 patients per
year. A total of 10 doctors and 8 nurses (plus residents and
trainees) work in the department to take care of the patients.
The department is currently equipped with ResUrgences
(Berger-Levrault), a patient management software that tracks
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patients from their arrival in the PED through discharge.
ResUrgences is independent of the hospital's el ectronic health
records but is interconnected with the laboratory information
system and the picture-archiving and communication system
from which it receives notifications when results are avail able.

The PED'’s clinicians enter the patient's data (eg, name, age,
reason for admission, triage decision) and their own observations
in ResUrgences. The patient record is progressively completed
as the patient moves through the care process. However,
ResUrgences does not prioritize the patients or organize their
care accordingly, so clinicians must mentally compare the status
of different patients and determine which one should be
managed first. The Optimum project aimsto develop and install
in the PED a patient prioritization tool (PPT) as an extension
to ResUrgences that does not require clinicians to enter
additional information, but which enables them to have an
accurate awareness of the waiting situation of patients and
suggests to them which patient they should see next based on
their current prioritization strategies. Theinformation provided
by the PPT should assist clinicians in prioritizing patients,
thereby helping to decrease their cognitive load and optimize
patient management in real time. Ultimately, using this tool
could contribute to reduced waiting time, especially thewaiting
time for critical patients and for time-sensitive treatments and
procedures.

Poor design of health technologies can ruin their expected
benefits [27,28]. In addition, design problems are a serious
problem for hospital s around the world, contributing to clinician
burnout and impacting patient care [29,30]. Methods of the
human-centered design process, a design process in which
usability and users of the technology are the focus of attention
at all design stages[31], contribute to the development of health
technologies that correspond to the real needs of end users,
respect users’ workflow, and reduce risk of use errors [32-36].
Thus, applying these methods to design a technology helps to
reduce the risk of technology rejection on the one hand and to
ensurethat systems are more effective and efficient on the other
[37-39].

For the developed PPT to align with clinicians’ workflow and
needs, the PPT was devel oped using a human-centered design
process [31]. A work system analysis was performed and
specifications were defined; then a mock tool was devel oped
and underwent ausability evaluation (Figure 1). Thiscase study
presents the development of a PPT and of the patient
prioritization algorithm (PPA) it relies on to show how to apply
human-centered design methods to the design of triaging
systems.
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Figure 1. Representation of the human-centered design process applied during the study. First, a work system analysis was performed through
observations and interviews. Then specifications were devel oped using modeling and a focus group session. A mock PPT/PPA was designed and then
evaluated by user testing. Results from the evaluation helped improve the usability of the PPT/PPA prototype before implementation. PPA: patient

prioritization algorithm; PPT: patient prioritization tool.
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Methods

Work System Analysisand the Tool’s Functional
Specifications and Design

The work system analysis had two main objectives. Firgt, it
aimed to identify the needs of cliniciansand the constraintsthat
shape their work. This required an in-depth understanding of
the organization of the PED and how clinicians manage the
flow of patients and prioritize them in overcrowded conditions.
Second, it aimed to learn to what extent it was possible to use
the dataentered in ResUrgencesto feed the PPT and PPA. This
required knowing whether the data entered in the software
accurately represented the actual state of patient care (ie,
verifying that the data were entered quickly enough to track
each patient’s progress through the various steps in care).

The data were first collected by structured observations
performed by a human factors specialist using an observation
grid built with iCoda (Studiocode). The observation unit
consisted of the actions taken and the prioritization decisions
made by the clinicians so that we could map the care process
in detail and understand the prioritization decisions in depth.
Onavoluntary basis, 4 physicians and 4 registered nurses from
the PED were individually shadowed during busy periods of
the day (10 AM to 2 PM and 4 PM to 8 PM) over a 3-week
period in February 2014 until the observations no longer
provided new information.

Each action taken by clinicians was characterized in the
observation grid as a communication with other clinicians,
patients, or relatives; an interaction with documents or

http://humanfactors.jmir.org/2020/3/€18427/
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Design

a. Mock PPT/PPA

b. PPT/PPA prototype

technol ogies (including ResUrgences); amove; an examination;
a care; or an intervention. For each action observed, the grid
madeit possibleto collect the step concerned in the care process,
the action sequence in which the action took place; the profile
of the clinician (eg, physician, registered nurse); the location;
thetype of information gathered, exchanged, or entered/written
down (particularly prescriptions for care or procedures); etc.
The data collected were time stamped so that the time interval
between occurrence and data entry could be measured to know
whether events were documented in ResUrgences in a timely
manner.

In addition, clinicianswereinterviewed whenever the workload
eased. They were asked to state and explain their reasons for
patient prioritization, define the information on which their
decisions were based, and state how and where they had
collected this information. Furthermore, the same clinicians
were formally interviewed at the end of their work shift with a
focus on the data used to determine which patient should be
taken care of first and how patients are prioritized. These
interviews were audiorecorded and transcribed.

Data collected from the work system analysis were modeled
through Unified Modeling L anguage diagrams [40] in order to
highlight, for each step of the care process, interactions between
clinicians, their usage of ResUrgences (eg, data consulted, data
entered), and the data used to advance the process.

Clinicians explanations of how they prioritize patients were
analyzed qualitatively to extract common implicit and explicit
patient-sorting rulesthat clinicians apply, the contextsin which
these rules are applied, and the information used to make these
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prioritization decisions. Sorting rules were modeled using
decision trees. Patient-sorting rules were combined and
integrated into a PPA. All models and decision trees were
validated by the clinicians observed and interviewed.

Theinformation needsto be met by the PPT were deduced from
thework model and the prioritization rules applied by clinicians.
These needs mainly concerned the information to be presented,
as well as to whom, when, for what type of patient, and how
the information would be presented. The list of these needsled
to the formulation of specifications for the PPT graphical user
interface (GUI).

Early mock-ups based on these specifications were devel oped
by a human factors specialist using Axure (Axure). These
mock-ups represented stati c screenshots of the whole PPT GUI
and used interface components and mock but realistic patient
data to look as much like a real interface as possible and to
present arealistic occupancy of the PED.

Schiro et al

The mock-ups were presented to a focus group comprising 3
physicians, 2 registered nurses, 2 human factors specialists, and
2 software engineers. The final set of functional specifications
as revised by the focus group was used to improve the mock
PPT.

Evaluation of the PPT’s Usability and Sorting Rules

The usability of the mock PPT and the relevance of the sorting
rules integrated into the PPA were tested during a user testing
session with 12 volunteers, in accordance with the
recommendationsfor formative evaluations[41,42] (7 registered
nurses and 5 physicians, none of whom took part to the work
system analysis). User testing is a method for evaluating a
product by directly observing the way users use the product. It
makes it possible to identify the difficulties encountered by the
users and the origin of the problemsin the product [43].

A test session was divided into 4 phases alternating testing and
training sessions (Figure 2).

Figure 2. Rollout of the user testing. Testing sessions are presented in the straight-lined boxes and training sessions are presented in italic font. PPA:
patient prioritization algorithm; PPT: patient prioritization tool.
Presentation of the project and of
the user testing’s objectives

\ 4

Phase 1: Evaluation of the icons’

intuitiveness

Training session to ensure that all the
users had a sufficient understanding of

the icons
Phase 2: Evaluation of the
effectiveness in communicating
priority

. 2

Presentation of the software’s behavior
(ie, the PPA) via the mock PPT

) 2

Phase 3: Evaluation of the fit
between the prioritization model
implemented and the participants’
prioritization rules

v

Phase 4:
satisfaction of use

Evaluation

of the

Phase 1 tested the intuitiveness of theicons used to characterize
the status of each patient. Participants were shown a mock-up
of thetool that displayed 10 patients and were asked to explain
how they interpreted each icon and each patient’s status. At the
end, participants were given atraining session on the icons so
that they could perform phase 2.

Phase 2 tested the effectiveness in communicating priority.
Participants were shown the same mock-up, in which 2
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screenshots differed regarding the presence or absence of new
patients and the current level of overcrowding. For each
screenshot, participants were asked to identify the patient to
whom they should first attend and to justify this decision. At
the end, participants were shown a presentation of the system’s
behavior to ensure that they had enough knowledge to perform
phase 3.
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Phase 3 tested the fit between the prioritization model
implemented (the PPA) and the participants' prioritization rules.
This phase was inspired by the model-in-the-loop testing
paradigm, a technique that simulates a model using an
abstraction (eg, illustrations, text) to evaluate the behavior of
that model [44,45]. Thisallowsthe model to be evaluated earlier
in the design process with end users who are not experts in
modeling and programming. For this phase, we created a
simulator based on successive PPT screenshots to emulate the
patient’s progress through the PED. This simulator presented
5 different patient scenarios covering all sorting rulesintegrated
into the PPA. At certain points, the simulator was paused, and
the participant was asked (1) to state what the next step in the
PED processwould befor the patient and (2) to place the patient
at the corresponding location on the GUI.

In phase 4, we assessed the satisfaction of use and the perceived
utility of the PPT. Participants were asked to fill out a
French-language version of the System Usability Scale (SUS)
[46] and to give their opinion of the PPT and on the
prioritization rules implemented.

Data collected during the 4 phases were analyzed as follows.

In phase 1, to evaluate the intuitiveness of the icons, we
calculated the proportion of participantsthat correctly interpreted
each icon. In the event of misinterpretation, we sought to
understand the reasons for poor intuitiveness of the design by
qualitatively analyzing participants verbal statements.

In phase 2, effectiveness in communicating priority was
analyzed. For each screenshot, we compared the participants
choice of the top-priority patient with the patient indicated as
such by the PPA. We sought to understand problems by
analyzing participants verbal statements. If clinicians
prioritization and their justification for this decision were
consistent with the organization proposed by the GUI, we
presumed that the organization matched their work habits.

In phase 3, thefit between the prioritization model implemented
(the PPA) and the participants’ prioritization rules was assessed
by rating participants’ decisions on the patient’s position on the
GUI ascorrect or incorrect compared with the patient’s position
according to the PPA. In the event of discrepancies between
participants' choices and the application of the PPA, we
analyzed verbal statements.

http://humanfactors.jmir.org/2020/3/€18427/
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In phase 4, to assess satisfaction of use and perceived utility,
the SUS score of all participants was averaged and compared
with the standard established by Bangor et a [47]. A content
analysis of the participants verbalizations was carried out to
identify the perceived advantages, drawbacks, and limitations
of the PPT and PPA by the participants.

Compliance With Ethical Standards

All procedures performed in studies involving human
participantswerein accordance with the French ethica standards
and with the 1964 Declaration of Helsinki and its later
amendments, or comparabl e ethical standards. Informed consent
was obtained from al individual participants included in the
study.

Results

Work System Analysis and the Tool’s Functional
Specifications and Design

Work System Analysis

A total of 1264 actions and 43 prioritization decisions were
observed during the shadowing sessions (total of 27 hours). The
care process is organized into 4 main steps regardless of the
PED’sworkload (Figure 3). Upon arrival in the PED, the patient
is evaluated by aregistered nurse (step 1), who determines the
corresponding triage status. The patient then enters the care
process. First, the patient sees a physician (step 2), who makes
an initial diagnosis and prescribes the necessary lab tests,
imaging, or nursing care. Next, the patient undergoes the
prescribed lab tests or radiological examinations (step 3a) or
nursing care (step 3b). When the lab test and imaging results
are available or nursing care has been completed, the patient
sees the physician again (step 4); the physician may prescribe
further treatment or authorize the patient’s discharge.
Throughout the patient flow process, physicians enter datainto
ResUrgences and complete the patient’s records (patient status,
prescriptions, lab test results, notes, etc).

To streamline patient flow through the PED, registered nurses
and physicians apply various rules to prioritize patients to be
attended. The main data used by cliniciansto apply those rules
are depicted in Textbox 1. Figure 4 provides an example of the
sorting rules applied by registered nurses (Multimedia A ppendix
1 for physicians).
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Figure 3. Schematic description of patients’ progression through the pediatric emergency department. Panel A describesthe main tasksto be performed
by the registered nurses and the physician at each step in the care processfor asingle patient. Panel B highlightsthat the pediatric emergency department

care process is the same for all patients. RN: registered nurse.
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Textbox 1. Main data used by the clinicians to manage patient flow during busy periods.

Patient’s information

« Name

« Age

« Reason for admission

o Triage number

Patient’s current position in the care process
«  Treatment by aregistered nurse or physician
«  Waiting time for further examinations

« Patient’'soverall length of stay in the pediatric emergency department

Patient tests
o  Testsprescribed
«  Teststo be completed
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Figure4. Example of RNs' sorting rules. Actions are presented in the rectangular boxes and conditions for decision in the diamond-shaped boxes. RN:

registered nurse.
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Our aobservations of the timeliness of ResUrgences data entry
showed that the data were representative of PED activity, even
during busy periods. The median time between the receipt of
data by the physicians and their data entry into ResUrgences
was 136 seconds (IQR 67-345 seconds). During busy periods,
even data that were first collected on paper were entered into
ResUrgences no more than 2 minutes later (for details, see
Schiro et a [48]). These results showed that ResUrgences data
could be used to automatically feed the PPT and the PPA and
inform clinicians on the progress of the patient through the care
process.

Requirements and Specifications

The work system analysis enabled us to identify requirements
for the PPT; it must (1) meet the needs of both physicians and
registered nurses, (2) show physicians and registered nurses
how the patients are distributed across the steps in the care
process, and (3) display the current caseload and the
corresponding priority levels.

Discussions during the focus group provided a consensus on
more detailed specifications. First, patientsin alife-threatening
situation must not be affected by the algorithm because they

http://humanfactors.jmir.org/2020/3/€18427/

are always treated with the highest level of priority. Second,
the PPT should sort waiting patients according to whether they
must see a nurse, see a physician, or undergo lab tests or
imaging. Third, the PPT should prioritize patients to be seen by
the registered nurses and the physicians. Patients waiting for
lab tests or imaging results should be sorted as a function of
their waiting time. Fourth, the tool should be fed directly with
ResUrgences data so that clinicians do not have to enter the
same data twice.

Design of the Mock PPT

To meet the requirements, the mock PPT gives the status of
patients progressing through the PED, along with an overview
of all the patients in the PED (Figure 5). Each strip represents
the patient, aswell asthe patient’s age, waiting time, reason for
emergency (represented in the mock PPT by “pathology”),
in-progress and pending cares/acts, triage number, and adelay
indicator that compares the patient's waiting time with the
average waiting time of Lille University Hospital’s patients
with a comparable reason for emergency (green ribbon when
the patient's waiting time isless than the average waiting time,
orange or red otherwise).
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Figure 5. Mock-up patient prioritization tool’s main screen, which gives an overview of the patients and information on each patient. RN: registered

nurse.
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Based on the staff’s strategies to prioritize patients, a set of
sorting rules was devel oped for the registered nurses (Figure 6)
and the physicians (Multimedia Appendix 2) and then
aggregated into aPPA. Thisalgorithm isautomatically fed with
data from ResUrgences. It calculates the status of each patient
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Figure6. Sorting rulesfor theregistered nurses, asintegrated into the patient prioritization algorithm. Patientswith life-threatening medical emergencies
are dways considered the highest priority and therefore do not appear in these sorting rules. RN: registered nurse.
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Evaluation of the PPT’s Usability and Sorting Rules:
User Testing

Phase 1: I ntuitiveness of the | cons

Most of the icons were interpreted correctly (Figure 7). Only
icons depicting adoctor’s bag were not well interpreted, asonly
2 of the 7 registered nurses and 1 of the 5 physiciansinterpreted
them correctly. An analysis of the verbal statements showed
that the participants either did not understand theicon’s meaning
at al or thought it represented the patient’s records or a
consultation with a specialist. Furthermore, the color coding

Schiro et al

(gray for “to do” and a color for “done”) was more easily
understood for lab tests or imaging (5/7 registered nurses and
4/5 physicians) than for care provision (2/7 registered nurses
and 1/5 physicians). The delay indicator was properly
understood by all physicians but only by 3 of the 7 registered
nurses. Infact, the registered nursestended to interpret the delay
indicator solely as a measure of the time elapsed since the
patient'sarrival inthe PED (Table 1, quote 3). Physiciansvalued
the delay indicator because it removed the need to schedule a
dischargetime, which would have constituted asource of stress
(Table 1, quote 1).

Figure 7. Results of phase 1 of the user testing: proportion of correct interpretation for each icon according to the profile of the participant. RN:

registered nurse.
Icons Meaning of the icons Proportion of correct
answers
Registered Physicians
nurses
D New patient 5/7 4/5
n a " Triage number 5/7 5/5
Lab results available and 4/7 4/5
imaging in progress
Lab and imaging results 6/7 4/5
available
;_ A Prescription of laboratory | 5/7 4/5
! tests
Patient awaiting lab test
Provided RN care 2/7 1/5
== Patient awaiting RN care 1/7 1/5
+ .
and discharge letter
available
f} Provided RN care and 1/7 1/5
= awaiting the discharge
letter
I| Good delay indicator 3/7 5/5
. Medium delay indicator
— Poor delay indicator
— Bad delay indicator
Critical delay indicator

Table 1. Quotes from registered nurses and physicians during phase 1 of the user testing.

Participant Quote

Physician No. 1 “1t's good not to have an estimated discharge time, which iswhat | feared with this project. With the color
coding, it's easier to understand.”

Physician No. 2 “The‘lab’ icon is easy to recognize, and the color change to indicate that the result is availableis clear. But

what happenswhen the result has been read and interpreted by the doctor, doesit change? because thisisanother

step in the care process.”

Registered nurse No. 3
who to seefirst.”

Registered nurse No. 5

“1 did not understand the delay indicator immediately, but actually it's not bad — it's important to help us know

“The delay indicator is very interesting. You have to bear in mind that it's not just the time.”

Phase 2: Effectivenessin Communicating Priority

For the view with new patients, 6 of the 7 registered nurses and
al physicians understood that the high-priority patients were
those at the top of their respective column. However, 2
registered nurses considered that the choice aso depended on
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the patient’s health status (Table 2, quote 4). For the view with
no new patients, all registered nurses and 4 out of 5 physicians
agreed with the GUI's organizational structure. The only
inconsistent answer was related to the application of adifferent
strategy by a physician (Table 2, quote 1).
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Table 2. Quotes from registered nurses and physicians during phase 2 of the user testing.

Participant Quote
Physician No. 4 “I'dfirst seethe nurseand tell her to take care of the patients at the top of thelist, so that they can get discharged.”
Physician No. 5 “Sometimes there are patients who are still under our responsibility but for whom thereis no longer anything

urgent because they are just waiting to be discharged; it is not the same as waiting to see the doctor for a diag-

nosis.”
Registered nurse No. 1
Registered nurse No. 2

“For some decisions, it's going to depend on how busy the ward is, how many patients there are.”

“It depends on the severity of the new patients’ status. If | seethat anew arrival hasaminor injury, I'll do a

blood test for another patient first because | know that it'll take awhile to get the results.”

Overdll, our analysis of the participants verbal statements did
not identify any difficulties in understanding how the
information was organized or how the patients were located in
the GUI. A nurse did indicate that it was necessary to provide
aview of the department's occupancy to help him make certain
care decisions (Table 2, quote 3). A doctor pointed out that, in
the doctor column, two types of patients were mixed: those
waiting for an auscultation or a diagnosis and those waiting to
be discharged. However, the urgency is not the same for these
two types (Table 2, quote 2).

Phase 3: Fit Between the Prioritization Model
I mplemented (the PPA) and the Participants
Prioritization Rules

Overdl, participants tended to agree with the PPA's
decisions—they placed the patientsin the expected column with
the expected priority. Proportions of correct decisionswere 87%
(61/70) for registered nurses and 98% (49/50) for physicians
(Table 3). Overall, the PPA was validated by most of the users.

Table 3. Results of phase 3 of the user testing: proportion of correct prediction according to the patient case and the profile of the participant, along
with explanationsin case of erroneous prediction.

Scenarios Physicians answers Registered nurses answers
Patient case  Rule Column, /N Block/line, /N Explanation Column, n/N Block/line, n/N Explanation
Casel Rule 5/5 4/5 Patientsdo not always  7/7 47 Peatient not priori-
No. Ph3 progress to the next tized (no block or
step when lab results line) (n=2) or with-
are available (n=1) out the expected
icon (n=1)
Case2 Rule 5/5 5/5 N/A2 7 6/7 Patient not priori-
No. Phl tized because the
RNP needs to know
the type of patholo-
gy to place the pa-
tient (n=1)
Case3 Rule 5/5 5/5 N/A 6/7 6/7 One RN failed to
No. N3 understand that, af-
ter discharge, the pa-
tient had to be
moved outside the
interface (n=1)
Case4 Rule 5/5 5/5 N/A 6/7 5/7 One RN did not
No. N2 move the patient to
Rule another column
No. Ph4 (n=1)
Rule Another relied exclu-
No. Ph5 sively on the delay
indicator and opted
Rule for the wrong block
No. Ph6 (n=1)
Case5 Rule 5/5 5/5 N/A 77 77 N/A
No. N1

3N/A: not applicable.
bRN: registered nurse.

Because of the use of the term “ pathology” instead of an actual
reason for emergency on the mock-up, some clinicians found

http://humanfactors.jmir.org/2020/3/€18427/

it difficult to place the patients as presented in the patient strip.
They aso pointed out alimitation concerning the time elapsed
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between the availability of test/imaging results and the moment
of their interpretation. In fact, lab results seldom arrive
simultaneoudly; in some situations, the physician checks that
all theresults are available before seeing the patient or deciding
about discharge (Table 4, quote 1). However, the PPA only
accesses the availability of the lab and imaging results to

Schiro et al

calculate the new position of the patient. This may lead to
discrepancies between the actual step in the care process that
the patient isin and the displayed step.

A few participants also criticized that the PPA did not include
subjective elements that may enter into clinicians’ decision for
prioritizing patients (Table 4, quote 3).

Table 4. Quotes from registered nurses and physicians during phases 3 and 4 of the user testing.

Participant Quote

Physician No. 2

“There'samissing step here: the physician might read the lab results but not do anything [because some lab

resultsare still missing]; the‘ R’ [indicating that the lab results are avail able] disappearsfrom ResUrgences because
the results have been accepted and the patient has been seen by the physician, but nothing happens and she
does not move through to the next step.”

Physician No. 3

Physician No. 5

Registered nurse No. 1

“This appears to be quite useful. It would be good to have screensin the [emergency department]. We'll need
access to the computer, as with ResUrgences. Then, | can help out even if I'm not caring for a patient...because
sometimes ResUrgences shows you that there are lots of people waiting but that’s not the reason why the
[emergency department] is disorganized.”

“1"m not sure whether we need to base our actions on that or not, because we use subjective criteriathat cannot
be taken into account. However, the system has already done ahuge amount of work in organizing the patients!”

“I think it'sagood idea. | will go see patients at the top of the list in ResUrgences. That will help me to avoid

consulting them one by one..”

Registered nurse No. 7

“I'll place more trust in what I’'m told [by my colleagues] than in atool but thisis agood add-on.”

Phase 4: Satisfaction of Use and Perceived Utility

The average SUS score was 70 (on a scale ranging from 0 to
100), which highlighted a good satisfaction [47]. Overdl, the
PPT was perceived as being helpful for prioritizing patients (eg,
Table 4, quote 2). However, participants said that they would
continue to consult ResUrgences in addition to the PPT to
organize their work (Table 4, quote 4). Physicians found the
PPT very useful as an overview of the department’s activity
and, at the same time, an indication of work that they must do
immediately (Table 4, quote 2). Registered nursesfound it useful
too and stated that it would save time when compared with using
ResUrgences alone (Table 4, quote 4).

Discussion

Principal Results

This case study aimed to present the human-centered design of
a PPT and of the PPA it relies on to show how to apply
human-centered design methodsto the design of aprioritization
system. Representative end users were involved early in the
design process. We performed a work system analysis and,
based on the specifications ensuing from it, we designed a PPT
along with a PPA. Finaly, we performed user testing on
mock-ups simulating how the PPT and PPA work.

http://humanfactors.jmir.org/2020/3/€18427/

Results of the work system analysis underpinned the entire
design process, from specification of the users needs to the
development of the PPA. The work system analysis enabled us
to understand how the PED was organized and how clinicians
managed the patient flow. This analysis also showed a short
dataentry timein ResUrgences, which would indicate that these
data represent the patient's management in real time and
therefore can be used to automatically populate the PPA and
PPT. Furthermore, thisanalysis provided specifications needed
to design the tool. Lastly, the work system analysis enabled us
to build scenarios for designing the PPA and the PPT’s GUI
and helped us design the evaluation plan.

In the user testing, we simulated how the PPT and the PPA
would work by animating successive screens of the mock-up,
populated with fake but realistic sets of ResUrgences data.
Applying an adapted model-in-the-loop testing paradigm [44,45]
during the early steps of the design process enabled usto obtain
feedback on the GUI before devel oping the prototype PPT and
to ensurethat health care professional s understood the PPA they
evaluated. The results of the user testing were used to make
decisionsto improve the PPT and the PPA. Figure 8 represents
the new version of the PPT.
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Figure 8. Screenshot of the prototype patient prioritization tool after re-engineering (blue rectangles hide patient identity).
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Most of the changes concern the icons and the GUI’'s
organization. For example, the doctor’s bag icon had several
meanings depending on its color and its combination with
another symbol (“nursing care” or “dischargeletter available™).
It was either not understood or was mistaken for arepresentation
of the patient’s records or a consultation with a specialist. In
order to avoid this polysemy, it is no longer associated with the
discharge letter and represents only the realization of nursing
care. In addition, the delay indicator was misinterpreted by
nurses because thistype of indicator isnot usual and not present
in other software. Explanations of the calculation of this
indicator and its meaning were given to users during training
sessions, aswell asin posters displayed next to the PPT screen
in the department. In regard to the GUI, the time of patient
presencein theward was integrated in the center of the progress
indicator (instead of to the left) to show that it was associated
with the calculation of theindicator. Another issue was that the
mock-up presented only patients present in the emergency
department care and consultation sector and excluded the
emergency department short-stay hospitalization sector.
However, for some decisions, clinicians need to know the
occupancy rate of the entire department. To provide clinicians
with access to thisinformation, abox summarizing the number
of patients in the hospitalization sector was added. Finally,
patients waiting for a doctor to sign their discharge letter were
previously mixed in with patients waiting for a consultation.
However, from a physician work organization point of view,
having alot of patients waiting for their discharge letter does
not have the same consequences as having a lot of patients
waiting for a diagnosis. The doctor can quickly release severa
patients by signing the discharge letters one after the other.
Therefore, a fourth block, “Discharge,” was added to the GUI
for patients who are waiting for their discharge letter to leave
the PED. The addition of thisblock allowed usto eliminate the
icons representing that a patient is waiting for discharge letter.

A number of sorting rules in the PPA were also modified or
created. For instance, ruleswere changed to enable adistinction
between the test and imaging results that were available in
ResUrgences and those that had been interpreted by the doctor,
because these represent different steps of patient care.

Overall, this human-centered design methodology was useful
to design a PPT that complies with clinicians' workflow and
that automatically retrieves data from the patient management
software,

http://humanfactors.jmir.org/2020/3/€18427/
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Taking account of end users feedback early in the design
process helped deliver solid specifications to the developers
and enabled us to devel op the prototype PPT very quickly (10
person-months, including integration with ResUrgences). The
PPT prototype has been deployed in Lille University Hospital’s
PED. Four PPT screenswereimplemented, 2 inthe physicians
rooms (main office and residents' office) and 2 in nursing rooms,
each timeright next to the ResUrgences screen that summarizes
the PED’s patient information but that does not prioritize the
patients or organize their care accordingly.

This way, when watching ResUrgences, clinicians can quickly
access patient prioritization suggestions on the adjacent screen
without having to reenter data. Until now, clinicians had to
search for information about patients, such as their reason for
entry and their waiting time, and then compare them to decide
who to take care of first. Now this cognitive effort should be
alleviated by the PPT's prioritization suggestions, which are
based on decision treesthat clinicianswereimplementing. Using
the PPT may help physicians and nurses have abetter awareness
of the PED crowding and help them improve the management
of the department’s resources and beds. Consequently, thistool
can help reduce patients' waiting time, especially for critical
patients and before time-sensitive treatments and procedures.

Limitations

Thiscase study presentsthefirst iterations of ahuman-centered
design of aPPT and PPA. A formative evaluation by user testing
was conducted and the results were used to modify the GUI and
the PPA.. In aconventional human-centered design, asummative
evauation would have been conducted to ensure that the
usability of the PPT and PPA had been improved and that there
were no residual issues that could impede use or generate
adverse events. However, clinicians expressed a desire to see
thetool installed quickly in the PED. With respect to the intent
of use of thetool (to help prioritize patients, excluding patients
in a lifethreatening situation, without imposing this
prioritization), the potential risks arising from usability issues
would be misinterpretations of the information provided, with
theworst consequence being apossibleincreasein waiting times
for some patients and arejection of thetool by clinicians. These
risks were deemed acceptable and, in agreement with the
department head, thetool wasinstalled while ensuring a support
and monitoring program to continuously evaluate its use and
usability. During presentations of the tool and observations
about its use at the time of its installation and during ongoing
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studies, the impressions and comments of clinicians were
collected and analyzed. This feedback did not identify any
usability issues that hindered users; they helped us clarify the
interface further (eg, with the addition of a“pending decision”
icon to inform users that the patient iswaiting for a specialist's
opinion or of a “homecoming” icon to distinguish between
patients who are discharged and returned home and patients
who are discharged but waiting for hospitalization). Even after
the installation of the PPT prototype, end users remain at the
heart of the design and evaluation process to ensure the PPT
fits their needs and is useful.

A second limit relatesto the designed tool. Its design was based
on data that could be retrieved from ResUrgences and used by
cliniciansto prioritize patients. However, some marginally used
elements are not entered into ResUrgences. For example,
emoational elements such ascrying infants can sometimes prompt
clinicians to see a patient more quickly when thisis not to the
detriment of other patients. Because they are not entered into
ResUrgences, these emotional factors cannot be taken into
account when suggesting the next patients to see. Despite this
technical limitation, the tool is useful because it provides all
the other information clinicians need to get an idea of the next
patients to see and suggestions for prioritization on the same
interface. Clinicians are then free to consider other contextual
elements when making their prioritization decision.

Future Research

This study was the first step of the Optimum project. Now that
the PPT and PPA have been developed and installed in Lille
University Hospital's PED, studies are being carried out to
evaluate the use and impact of this tool. A first study was
conducted to ensure that the information displayed on the PPT
screen correctly reflected the stage of care of the patient.
Although there were a few discrepancies due to late entry of
information, the distribution of patients in the different stages
of care on the screen accurately reflected the actual distribution
of patients [48]. Another research study is running to assess
how clinicians are appropriating and using the PPT, how the
tool is integrating their activity, and how it is satisfying their
needs. This study is a prerequisite for investigating the impact
of the usage of thistool on clinicians work, and it raises future
research questions. Has the use of the PPT changed their
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situation awareness and their cognitive load when choosing a
patient? What is the impact of the use of the PPT on the
prioritization of patients and ultimately on time-sensitive
treatments and procedures for serious conditions?

Finaly, the PPT and PPA were designed following a
human-centered design, in which end users were the doctors
and nurses of the PED of Lille University Hospital in France.
Thetool therefore integrates a work model as well as decision
trees that correspond to those applied in the hospital's PED.
Before this prioritization tool can be deployed in other EDs of
Lille University Hospital (eg, general, ophthalmological,
psychiatric, etc), it will be necessary to ensure that the workflow
and prioritization rules are the same there; if not, then the PPT
and PPA will have to be adapted to these new contexts.
Similarly, transposing the PPT and PPA to other hospitals or
other countries would first require analyzing future work
contexts and adapting the PPT and PPA accordingly.

Conclusion

This study details the integration of human factors into the
design processfor aPPT and PPA for aPED. A human-centered
design allowed the needs of end users and their work constraints
to be considered early in the design cycle. Workflow analysis
allowed usto (1) identify the information needed for clinicians
to prioritize patients, (2) model prioritization decisionsin order
to implement them as an agorithm in the PPT, and (3) verify
that the information entered in the patient management software
was entered quickly enough to represent the progression of
patient management. A mock-up was developed based on the
results of the workflow analysis. It was tested by user testing.
Although some usability issues wereidentified, the majority of
clinicians understood the GUI and the prioritization algorithm
and felt that the tool could help them in their task. The results
of the tests led to minor modifications to some elements of the
GUI and the prioritization algorithm in order to improve the
usability and usefulness of the PPT. A prototype version of the
PPT has been developed and implemented in the PED.

Including end users throughout the design process through
user-centered design helps guide the design and evaluation of
health technologies so that they align as closely as possible to
the reality of users' needs and activities.
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Example of physicians’ sorting rules. Actions are presented in the rectangle boxes, conditions for decision in the diamond-shaped
boxes.
[PNG File, 66 KB - humanfactors v7i3e18427 appl.png ]

Multimedia Appendix 2

Sorting rulesfor the physicians asintegrated into the PPA. Patientswith alife-threatening medical emergency are aways considered
with the highest priority and therefore do not appear in those sorting rules.
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Abstract

Background: Thereis a paucity of quantitative evidence in the current literature on the incidence of wrong medication and
wrong dose administration of intravenous medications by clinicians. The difficulties of obtaining reliable data are related to the
fact that at this stage of the medication administration chain, detection of errorsis extremely difficult. Smart pump medication
library logs and their reporting software record medication and dose sel ections made by users, aswell as cancellations of selections
and the time between these actions. Analysis of these data adds quantitative data to the detection of these kinds of errors.

Objective: We aimed to establish, in a reproducible and reliable study, baseline data to show how metrics in the set-up and
programming phase of intravenous medication administration can be produced from medication library near-miss error reports
from infusion pumps.

Methods: We performed a 12-month retrospective review of medication library reports from infusion pumps from across a
facility to obtain metrics on the set-up phase of intravenous medication administration. Cancelled infusions and resolutions of
al infusion aerts by users were analyzed. Decision times of clinicians were calculated from the time-date stamps of the pumps’
logs.

Results: Incorrect medication selections represented 3.45% (10,017/290,807) of all medication library aerts and 22.40%
(10,017/44,721) of all cancelled infusions. Of these cancelled medications, all high-risk medications, oncology medications, and
all intravenous medications delivered to pediatric patients and neonates required a two-nurse check according to the local policy.
Wrong dose sel ection was responsiblefor 2.93% (8533/290,807) of all alarmsand 19.08% (8533/44,721) of infusion cancellations.
Average error recognition to cancellation and correction timeswere 27.00 s (SD 22.25) for medication error correction and 26.52
S(SD 24.71) for dose correction. The mean character count of medications corrected from initial |ookalike-soundalike selection
errors was 13.04, with a heavier distribution toward higher character counts. The position of the word/phrase error was spread
among name beginning (6991/10,017, 69.79%), middle (2144/10,017, 21.40%), and end (882/10,017, 8.80%).

Conclusions: The study identified a high number of lookalike-soundalike near miss errors, with cancellation of one medication
being rapidly followed by the programming of a second. This phenomenon was largely centered on initial misreadings of the
beginning of the medication name, with someincidences of misreading in the middle and end portions of medication nomenclature.
The value of an infusion pump showing the entire medication name complete with TALL man lettering on the interface matching
that of medication labeling is supported by these findings. The study provides a quantitative appraisal of an area that has been
resistant to study and measurement, which is the number of intravenous medication administration errors of wrong medication
and wrong dose that occur in clinical settings.
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Introduction

Background

Infusion programming is afar more complex process than oral
medication administration, and it frequently involves the
administration of medications from the highest risk groups[1],
including heparin, insulin, sedatives, opiates, and critical short
half-1ife medi cations such as norepinephrine and dopamine[2].
While some work has been done on the role of smart pumps
that are capable of reporting their status to centralized
monitoring systemsto help ensure maintenance of critical short
half-life infusion [3] and on the role of medication library hard
and soft dose limits during set-up and during titrations of
medications [4], it has been generally accepted that even with
aggressively managed medication libraries, extensive and
ongoing training, and compliance monitoring, only 28% of
intravenous (IV) medication errors can be averted with dose
error reduction software (DERS) aone [5], as DERS cannot
detect errors of right patient, right medication, right order, right
documentation, right therapy, and right time [5].

The current paper challenges this assumption to some degree.
Our first hypothesisisthat many potential |ookalike-soundalike
(LASA) errors made during medication selection from the
pump’'s medication library may be prevented by the presence
of full names, large characters, and TALLman medication
displays on the pump during programming, that wrong dose
selection may also be reduced by the presence of standardized
concentrations, and that concentration limits built into the
pump’'s DERS will also catch a high number of “death by
decimal point” errors[6].

In one observational study [7], in a high-fidelity simulation
laboratory designed to assess the impact of infusion pump
technologies (comparing a traditional pump, smart pump, and
smart pump with a barcode reader) on nurses' ability to safely
administer intravenous medications, nurses remedied “wrong
patient” errors more often when using the barcode pump (88%)
than when using the traditional pump (46%) or the smart pump
(58%). The barcode pumps were not integrated into the
electronic medical record (EMR); therefore, the nurses' remedial
changeswereentirely based on avisua check between the pump
screen and the patient's ID wristband of what was either
manually entered as patient ID or populated on the pump via
scanning of the patient’s ID wristband. Essentialy, having to
undertake patient i dentification verification on the barcode pump
greatly increased the nurses' resolution of the “wrong patient”
error (the patient identification armband on the mannequin did
not correspond to the patient information on the physician
order). We suggest that clear and well-presented information
on a smart pump screen, which can be verified against other
identifiers (in the case of the study facility medication name
and dose are clearly printed on each medication in the pharmacy
[not handwritten]), may lead to “ good catches’ of errorsduring

http://humanfactors.jmir.org/2020/3/€20364/

programming of smart pumps for administration of 1V
medications.

We also recognize that among all of the parts of the medication
chain (from prescription to administration), intravenous
medication errors, which occur at the point of administration,
are the hardest to detect and that in terms of failure mode effect
analysis (FMEA), the process consistently scores as a high-risk
activity by virtue of the scorefor “likelihood of detection,” with
ahigh score commonly being applied by organizations utilizing
FMEA (scale: O [minimum] to 10 [maximum]) [8,9].

Our second hypothesisis that analysis of smart pumps DERS
logs for near-miss wrong medication or wrong dose selections
will help to further extend our understanding of the incidence
of these administration errors.

This is important as the existing methods of assaying 1V
medication administration error and genera medication
administration failure in any of the general “administration
rights’ (right patient, right medication, right order, right
documentation, right therapy, and right time) are limited and
cannot give an accurate idea of the extent of the problem. For
example, in one study, an extensive chart review found 398
adverse drug (medication) events (ADEs) at the administration
stage, while in the same time period, voluntary reports via the
hospital’s anonymous ADE and near-miss event reporting
system detected only 23 events [10].

This needs to be viewed against quantitative evidence from
what we can see of the iceberg. In a study of voluntary and
near-missreporting of errorsin pediatric patients and neonates,
which lasted for 1 year, it was found that of 989 reported
medical errors, 401 (40.5%) were related to medication.
Additionally, 88.0% (353/401) of these errors reached the patient
and 33.4% (118/353) of the dose-related errors were related to
administration. Moreover, 13.2% (53/401) of errors were of
omission [11].

In one well-constructed study of self-reporting by nurses and
physicians, the observed rate of parenteral medication
administration errors per 100 patient days was 74.5, with 12
patients (0.9% of the total study population) experiencing
permanent harm or death [12]. Of course, deriving metricsfrom
self-reporting will always underestimate the frequency and
consequences of errors, as many will be undetected by the user.
We suggest that adding quantitative data pertaining to
medication and dose sel ection by users, which are derived from
smart pump medication library logs, will help shed further light
on themurky areaof point of care |V medication administration.

Attempting a more accurate “count” of the 1V medication
administration error rate, owing to its impact on costs, length
of stay, and treatment of any sequelag, is, of course, central to
delivering value-based health care [13] and to cresating a
systematic approach for patient safety. It also speaks directly
to acentral issuein modern health care, that is, cost benefit, as
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systems employing interoperability between the patient’ SEMR
and bidirectional interoperable smart pumps for closed-loop
bidirectional 1V pump-EMR autopopulation utilizing barcode
medi cation administration require extensive investment, but are
capable of mitigating wrong time, omitted medication, wrong
patient, wrong medication, and wrong dose-type administration
errors [14]. Thus, while these systems have been shown to
reduce self-reported safety events related to infusion pump
programming by aratio of 3:1 [15] and it has been suggested
that “until barcode pumps are integrated with other systems
within the medication administration process, their role in
enhancing patient safety will be limited” [7], it would be of
great value to have a “harder” number for wrong medication
and wrong dosetype administration errors from
preimplementation datato more concretely prove the economic
vaue of the solution of bidirectiona 1V pump-EMR
autopopulation utilizing barcode medication administration.

Similarly, the documentation available in smart pump event
logs and DERS library records has not previousy been
extensively used as a comparative tool to routinely check the
veracity of the medication administration record and is
commonly only used in the case of sentinel events.
Autodocumentation of continuous infusion and intermittent
medications administered via smart pumps directly in the
patient’s record is certainly superior to manual completion of
the medication record, as manual infusion documentation may
be delayed or inaccurate because clinicians attend to emergent
situations or have distractions [16]. Once clinicians return to
their documentation after a patient care event, such as
medi cation administration, they often transcribe from memory.
It would be useful to have the ability to rapidly compare and
contrast information derived from the smart pump’slibrary data
to manual chart entries.

Objectives

The overall objective of this study was to establish, using an
easily reproducible and reliable methodology, baseline data to
show how metricsin the set-up and initial programming phase
of intravenous medi cation administration can be produced from
review of medication library “near-miss’ reportsfrom infusion
pumps used in varied disciplines and care areas across large
facilities with many thousands of 1V pumps.

Of particular interest were user-initiated corrections of the more
common “death by decimal point” errors of incorrect dose or
concentration selection and corrections of wrong medication
selection, which is often related to medication name LASA
issues. The study also focused on the time taken by clinicians
to correct these set-up errors.

Two hypotheses were decided upon at the outset of the study
asfollows:

1. We hypothesized that potential LASA errors during
medication selection in a smart pump’s medication library
may be greatly reduced by the presence of full names, large
characters, and TAL L man medication displays on the pump
during programming, that wrong dose selection may also
be reduced by the presence of standardized concentrations,
and that concentration limits built into the pump DERS will
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catch a high number of potential “ death by decimal point”
errors.

2. Wehypothesized that analysis of smart pumps DERSlogs
for near-miss wrong medication or wrong dose selections
will help to further extend our understanding of the
incidence of these administration errors and add quantitative
measurement to a process that has, up to now, only been
assayed with self-reporting of near-miss errors and
recognized errors, simulation laboratory studies, chart
reviews, and observational studies, all of which have
inherent weaknesses.

Methods

Study Design

We undertook a 12-month retrospective review of medication
library near-misserror report logs from 2044 wirel ess-connected
modular infusion pumps (846 syringe driver modules, 3662
large-volume pump modules, and 62 patient-controlled analgesia
modules [one modular infusion pump can accommodate a mix
of up to four syringe, large-volume, or patient-controlled
analgesia modules]) used in 15 disciplines/care areas across a
large facility with 1852 inpatient beds and 12,601 inpatient
admissions yearly, which serves the heart of metropolitan
Riyadh, in order to obtain metrics on the set-up phase of
intravenous medication administration. The DERS used in this
study records any attempt by the user to use a dose outside of
the accepted hospital formulary range for each medication. A
particular feature of the DERS used in thisstudy isthat it records
al cancelled infusions, medication concentration limit breaches,
and resolutions of infusion alerts by the user. Date-time stamps
are automatically applied to al of these alerts and actions by
the device.

Data are continually collected from the smart pump logsin our
facility, and all nursing and medical staff are aware of this
ongoing collection and analysis of near-miss events, as the
DERS library itself was created and is updated through a
multidisciplinary team feedback mechanism as part of our
facility-wide process of Joint Commission International (JCI)
quality improvement, Magnet accreditation, and zero-harm
targets. The smart pump DERS library data are constantly
available to the pharmacy department, and according to the
facility protocol, the pharmacy department owns the data and
is recognized as the lead department for medication safety.
While nursing and medical staff are aware that data are
constantly obtained on good catches in medication safety, they
were not informed that a particular period would undergo a
deeper analysis beyond standard quarterly reviews. This is
important as we wanted to get as close as possible to “normal
behavior” with our data. As with all observationa and
self-reporting studies, the Hawthorne effect isavery real danger,
and the advantage of “ passive” data collection, such ascollection
in this study, is that users will not alter their behavior as they
might during atime-limited study.

Thereisaregular process of engagement with nursing leadership
and clinical educators to provide feedback on good catches,
compliance levels, and the need for functional changes to the
DERS library as part of the hospital’s zero-harm program and
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ongoing Magnet and JCI accreditation processes. The
risk-management committee for IV medication therapy in the
facility will be appraised of the implications of the study with
regard to proposed movesto IV medication interoperability and
barcode medication administration.

An analysis was undertaken using patient anonymized data for
infusionsin all areas of thefacility. Decision times of clinicians
were cal culated from the time-date stamps of the pumps’ DERS
logs (the pump logs report in hh:mm:ss). The pumps are
wirelessly connected to acentral server that maintains universal
and accurate time keeping for al connected devices. The
wireless connectivity also alows for pumpsin all areas of the
facility to be updated regularly and rapidly with current
medication libraries and allows for continual download of
medication library and clinician performance, aswell aslibrary
compliance data.

The study waslimited to one pump brand (BD Alaris™ System

8015LS PC Units with Guardrails™ 9.33 DERS software).
These smart pumps are connected to a central server (BD

Alaris™ SystemsManager) that allows for wireless deployment
of medication librariesto the pumps and continuous medication
library performance data download from them to acentral SQL
database, which can be accessed via reporting software (BD

Alaris™ CQI Reporter 10.17). These pumps are modular, and
each PC unit can carry amix of up to four large-volume pumps,
syringe pumps, or patient-controlled analgesiapumps. All these
modular pumps share a common DERS. The DERS has
maximum hard limitsfor dose and duration/rate, above or below
which the clinician cannot titrate or set-up an incorrect delivery
dose (rate or concentration), and maximum and minimum soft
limits, which when breached give an alert to the clinician, who
must then decide whether to override the warning. Each distinct
group of events from thefirst alert to resolution is tied together
by a unigue sequence identification number.

Table 1. Examples of therapies.

Waterson et al

Within the Guardrails™ DERS, the pharmacist may create up
to 10,000 medication set-ups with 30 care areas or “profiles’
carrying medications and concentrations specific to the care
area. Medications may also be set up with freetext entry for the
clinician at the point of care for dose and volume. These free
text dose and volume entries can be limited with concentration
limits, which require that any entries are within the minimum
and maximum limits for dose/mL. Each profile can also have
hard limits placed for maximum patient weight and body surface
area

A DERS master library contains a standard list of medications
that can be added with new medications. The DERS master
library will accept free text entries for medication names. The
maximum character count for each medication entry is 20
characters.

The Guardrails™ software present in these devices allows for
the creation of “therapies’ that allow the clinician to select the
medication name and then select a specific usage for which the
dose limits, duration, or rate may differ according to specific
indications. For intermittent infusions, specific therapeutic
durations and individual weight-based dosing and body surface
area—based dosing can be added for each use of a specific
medication. Table 1 presents examples of continuous and
intermittent infusion therapies.

If the “therapy” option is utilized, each medication may be
identified in up to 20 characters, and the therapy listed below
the medication name can aso be identified by a further 20
characters. In this study, the therapy option was active in all
care areas and used extensively in the oncology department’s
profile.

Several treatment options for individual medications were also
present as separate entities in the libraries, and examples are
presented in Table 2.

Coremedication  Therapy title

Variations

Continuous and bolus dose limits
Continuous and bolus dose limits

Continuous and bolus dose limits

Dose by BSA? and by duration

(for different oncology regimens)

Dose by BSA and by duration

(for different oncology regimens)

Midazolam Short-term vent
Midazolam Conscious sedation
Midazolam Status epilepticus
Cisplatin Cisplatin 10 mg/m%/24 h
Cisplatin Cisplatin 100 mg/m%/2 h
Cisplatin Cisplatin 25 mg/m?/1 h

Dose by BSA and by duration

(for different oncology regimens)

3BSA: body surface area.

http://humanfactors.jmir.org/2020/3/€20364/
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Table 2. Examples of individual entities for medications.
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Core medication Treatment option

Variations

Amiodarone Amiodarone load Dose and rate/duration
Amiodarone Amiodarone maintenance Dose and rate/duration
Alteplase Alteplase loading Duration
Alteplase Alteplase 0.5 mg/mL Duration
Amphotericin Ampho B (liposomal) Dose and rate/duration
Amphotericin Amphotericin B Dose and rate/duration

Insulin (Actrapid)
Insulin (Actrapid) Insulin continuous
Heparin Heparin low dose

Heparin Heparin high dose

Insulin hyperkalemia

Dose total and rate/duration
Dosetotal and rate/duration
Maximum dose/hour

Maximum dose/hour

The DERS can aso present clinical advisories after the
medication selection has been made, giving specificinformation
about the medication to be administered, such as observations
to be made during administration, intravenous administration
line type, and specific precautions. Acknowledgement of a
clinical advisory must be made by the clinician before the pump
allows progress through the programming sequence. Textbox
1 presents examples of clinical advisories.

Textbox 1. Examples of clinical advisories.

The pumps are capable of bidirectional communication with
the EMR and have the capability to have orders sent directly
via wireless technology from the EMR to the pump, thus
reducing manual programming and allowing for bidirectional
IV pump-EMR autopopulation utilizing barcode medication
administration of the pump and autodocumentation of
medication delivery. No pumpsin this study were connected to
the EMR.

- 0.22 micron filter required
- Viacentral line only

- For patient 60 kg or less

- For hyperkalemia

- Loading dose

Clinical advisories requiring confirmation/acknowledgement by the clinician

Study Procedure

The datawere patient anonymized, and no personal information
items, such as hospital number, gender, name, date of birth,
diagnosis, and other identifiable material, were recorded for
analysis.

The BD medical affairs department was engaged for a deeper
analysis of the datathan isundertaken in our standard quarterly
reviews. The BD medical affairs department operates as a
digtinct arm outside of the commercial operations of the
company.

Inclusion Criteria

All infusions started from within the medication library (and
therefore identifiable in terms of medication name selection,
medication dose selection, and medication concentration
selection) over the 12-month period wereincluded in the study.
These included continuous and intermittent infusions,
weight-based and nonweight-based infusions, and body surface
area—based infusions.

http://humanfactors.jmir.org/2020/3/€20364/

Exclusion Criteria

Infusions started from outside of the medication library using
the “basic infusion” (mL/h) option, which does not record
medication name or dose datafor theinfusion, and medications
run through the pumps medication calculation option, which
also does not record medi cation name data, were excluded from
the study. The DERS and reporting software used in the study
allowed for arapid appraisal of compliance with the medication
library in percentage terms from all care aress in the study
facility. This metric was included in the study as a check for
the veracity of the dataincluded.

Results

Compliance with medication library usage was 74.29%
(1,050,531/1,414,191) of al infusions given in the 12-month
period across the facility, and this allowed for a high volume
of identifiableinfusionsto be entered into the study. Intravenous
medications (continuous and intermittent) and intravenousfluids
(plain and with additives) were present in the library.

Cancelled infusions represented 15.37% (44,721/290,807) of
all medication library alerts (Table 3), making them more
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common than hard-limit alerts that are designed to prevent
potentially lethal overdoses.

Within the cancelled infusion group, wrong medication selection
represented 22.40% (10,017/44,721) of the cancelled infusions.
Among these cancelled medications, all high-risk medications,
oncology medications, and all 1V medications delivered to
pediatric patients and neonates required a two-nurse check

Table 3. All medication library alerts by type.

Waterson et al

according to the local policy. Wrong dose selection was
responsiblefor 19.08% (8533/44,721) of infusion cancellations.
A total of 603 infusions were cancelled in response to a
concentration limit aert. These are always related to so-called
“wildcard” or custom concentrations [6]. In the medication
library used in this study, these aerts are captured under the
group “reprogram limit alert” (Table 4).

Alert type

Value (N=290,807), n (%)

Reprogram limit alert (hard limit)
Override limit aert (soft limit)
Cancelled infusion

All other alerts

40,184 (13.81)
141,474 (48.65)
44,721 (15.37)
64,428 (22.17)

Table 4. Incidences of the causes for cancellation of infusion.

Cause Percentageof cancelled Percentageof al medicaz  Value (N=44,721), Comments
infusions tion alerts n

Incorrect medication selected  22.40 345 10,017 See note on medication name and position
of the LASAZerror.

Wrong dose selected 19.08 293 8533 See note on factor of error.

Indeterminate cause 58.46 8.99 26,144 No evidence of doseerror or LASA medica-
tion selection error.
Possible causes:
- 1VP access failure
- Patient condition change
- Therapy discontinuation
- Infusion administration backlog with lim-
ited IV access

Wrong channel selected 0.04 _c 17 Medication for patient-controlled analgesia
initialy loaded in syringe driver.

Dose cancelled 0.02 — 10 Drug library exited and drug cal culator uti-
lized.

Concentration limit breached pjad 0.21 603 Captured in “reprogram limit alert”

3_ASA: lookalike-soundalike.
B1V: intravenous.
®Valueistoo small to report.
dN/A: not applicable.

In terms of the error factor for dose corrections, generaly, the
potential overdose was not substantial (median 1.5 times the
corrected dose); however, the mean (14.52, SD 57.89) was
skewed by somevery large outliers, astherewere 11 corrections
made with a dose error factor greater than 100 times the
corrected dose (maximum was 500 times the corrected dose).

The average error recognition to cancellation and correction
times were 27.00 s (SD 22.25 s, maximum 113 s, minimum 4
s, median 21 s) for medication error correction and 26.52 s (SD

http://humanfactors.jmir.org/2020/3/€20364/

24.71 s, maximum 116 s, minimum 6 s, median 19 s) for dose
correction.

It is notable among the results that the difference between the
second attempt (and presumably correct) drug selection and the
first selection was more prevalent for misidentification in the
beginning of the medication’s name, but there was aso a
substantial number of middle and end name errors being
corrected. Examples are provided in Tables 5 and 6.
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Table 5. Examples of cancelled infusion medication names and corrected medication names.
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Cancelled drug/fluid

Final drug/fluid

Key letter position

Sodium bicarbonate
Abatacept <60 kg
Acetylcysteine
Ceftazidime
Flucloxacillin
Calcium chloride
Cefazolin
Ceftazidime-Continuo
0.45% NS

Insulin high non-ICU

Sodium phosphate Name end (3)
Acetaminophen Name beginning (1)
Acyclovir Name middle (2)
Ceftriaxone Name middle (2)
FLUconazole Name middle (2)
Calcium gluconate Name middle (2)
Ceftazidime Name middle (2)
Ceftazidime-extended Name end (3)

0.9% Normal sdline Name beginning (1)

Insulin hyperkalemia

Name middle (2)

Table 6. Incidence by word/phrase error position.

Word/phrase error position

Incidence (N=10,017), n (%)

Name beginning (1) 6991 (69.79)
Name middle (2) 2144 (21.40)
Name end (3) 882 (8.81)
Discussion in the central pharmacy, as the medication is“in hand” during

Anextensive study of errorsin critical care concluded that “ most
serious medication errors in critical care occur during the
execution of treatment, with performance-level failures
outweighing rule-based or knowledge-based mistakes’ [17].
This conclusion is supported by our findings. Furthermore, it
isevident that smart pump libraries with dose limits can prevent
performance-level errorsin terms of serious set-up errors that
can lead to classic “ death by decimal point” errors, such asthe
11 near-misserrors of doses greater than 100 timesthe corrected
value. The study also indicates that thorough and scrupulous
attention to detail when creating the DERS library for smart
pumps can improve patient safety. By example, the number of
concentration limit breachesin our study was small and certainly
far smaller than that suggested in a 2018 United States survey
of the use and application of this DERS safety net, with only
50% of practitioners reporting understanding the value of ahard
stop for minimum concentration limits and almost half of all
respondents, including 29% with direct responsibility for DERS
libraries, being confused by the question or unsure whether their
pumps had a hard stop for minimum concentration limits for
custom concentrations [6]. This is probably related to the
extensive use of standardized concentrationsin the facility and
the avoidance of wildcard or custom concentrations through
alignment from the formulary and computerized prescription
order entry system to the smart pump DERS library.

In terms of the average error recognition to cancellation and
resolution times being relatively short, with 27 s(SD 22.25) for
medication nameerror correction and resolution and 26.5s(SD
24.71) for dose correction and resolution, the system in place
in the study facility may be an important factor herewith al IV
medi cations being prepared and labelled with large clear printing

http://humanfactors.jmir.org/2020/3/€20364/

programming. This makes it a more effective “independent
source of truth” as neither the administering nurse nor the second
checker has prepared or labelled the medication to be
administered.

What is clearly also important in terms of the recognition and
correction of wrong drug name errors at the bedside is that
corrections of medication name selection were spread among
differences in the beginning, middle, and end of each
medication’s name. Older studies on the psychology of reading
generally accepted that the beginning and end of wordsinfluence
readers and tend to make them “ guess” therest of theword, and
randomizing |ettersin the middle of words haslittle or no effect
on the ability of skilled readersto understand text [18]. Thisis
useful for reading at speed, but the del eterious implications of
“guessing” for medication safety are obvious as middle letter
identification proceeds largely independently of position, and
information that the reader gains from the middle letters may
operate via the reader using “probability” rather than absolute
reading in order to “recognize”’ the word.

It was chiefly for this reason that the TALLman system of
nomenclature was created for LASA medications, and it ensures
that “word shape” [19] is disruptive and distinctive for LASA
medications. More recent work in cognitive psychology has
indicated that when humans read, they use the letters within a
word to recognize aword [19]. It was stated that “word shape
is no longer a viable model of word recognition. The bulk of
scientific evidence says that we recognize aword’s component
letters, then use that visual information to recognize a word”
[19]. Given what we noted in the spread of the “beginning,
middle, and end” of medication names being corrected in this
study, it seems reasonable to conclude that more information
in terms of letters available to the reader is associated with a
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higher likelihood of an accurate choice, asthe presence of more
characters for review is associated with a greater possibility of
the reader’s initial instinctive reading (or guessing) being
overtaken by “new information” [20]. It is clear that LASA
medication errors and near-miss errors are relevant problems
for nurses administering IV medications, just as they are for
pharmacists dispensing medications, asindicated in aUK survey

Waterson et al

showing that LASA errorsrepresented 25.9% of total dispensing
errorsin the last quarter of 2019 [21].

The intravenous pumps used in this study carry a 20 character
maximum, and this maximum capacity was used in many of
the medication names in the library. The mean average was
13.04, with aheavier distribution toward higher character counts
(Figure 1).

Figure 1. Character count distribution for medication nomenclature in the study facility’s dose error reduction software library.

Mumber of medications

Character count

A general recommendation of this study is that intravenous
pumps should have character counts of at least 17 characters,
given that this was the mean average character count for
medications that were corrected by the user. Furthermore, it is
recommended that no pump should truncate entire medication
entity names during runtime, as this impedes the clarity of
information on current infusions required for effective nursing
hand-offs.

Given the growth in monoclonal antibody medications in the
last few years (518 are currently listed as active medications,

with amean character count of 12 [SD 3.74]) and the fact that
we can expect to see an increasing number of these medications,
it isworth noting that amost all of these medications end with
the suffix “-mab” and have a propensity for using the same or
similar name beginnings. Clearly, the need for full naming in
medication libraries is critical with these medications. Indeed,
in some of these medications, only the second part of their
nomenclature differs. Table 7 presents examples of monoclonal
antibody naming.

Table 7. Examples of monoclonal antibody medications currently in the market, with character counts.

Name

Character count

Cantuzumab mertansine
Cantuzumab ravtansine
Altumomab pentetate
Anatumomab mafenatox
Talizumab

Tanezumab
Trastuzumab
Vadastuximab talirine

Vandortuzumab vedotin

21
21
19
21
9

9

11
21
21

http://humanfactors.jmir.org/2020/3/€20364/
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In classic FMEA planning [9], for any high-risk activity,
particularly that with ahigh risk of “low chance or no chance”
of error detection, 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 aclinical advisory to known
high-risk LASA medications asan extrastep in the programming
process may therefore be of value. In this study, clinical
advisories were commonly used in the oncology profile, as
many of these drugs require specific line types. For example,
for taxols, the clinician is told via a pop-up advisory screen
“paclitaxel: use low-sorbing set with 0.2 micron filter.”

To select this drug, the eight steps for programming (six steps
may act to draw the clinician’s attention back to the medication

Waterson et al

being administered and alow a FMEA stop to be applied) are
according to the approach presented in Table 8.

In the adult oncology profile of the medication library, the
therapy option, which effectively doubles the character count
available to the pharmacist creating the medication library, was
used for approximately 60% of all the medicationsinthisprofile,
with medications, such as carboplatin, having eight distinct
therapies and those, such as cisplatin, having thirteen distinct
therapies. It was notable that despite the large volume of
infusionsadministered by oncology nurses, the number of wrong
medication name errors in the oncology profile was only 55
compared with 322 in the adult general profile and 139 in the
adult critical care profile.

Table 8. Example of programming a drug associated with atherapy and clinical advisory using failure mode effect analysis steps.

User action Pump response FMEA® + action if error detected
CHANNEL SELECT Presents: Drug library isthe first presented option
Drug library
Fluids library

Basic infusion
GUARDRAILSDRUGS A-Z in five groups
PACLitaxel Presents therapy options:
PACLitaxel 3 weekly

PACLitaxel weekly

PACLitaxel weekly
YES/NO

YES Clinical advisory pop up:

PACLitaxel: Use low-sorbing set with 0.2 micron filter

CONFIRM PACLitaxel weekly
User hasto complete:

mg___ mL

BsaP

PACLitaxel weekly
User verifies:

Dose

Volume

BSA

Duration

CONFIRM

PACLitaxel ___mgin___ ml was selected. Isthis correct?

Can cancel infusion if selection isincorrect

Can cancel infusion if selection isincorrect

NO and can cancel infusion if selection incorrect.

NOT CONFIRMED and can cancel infusion if selec-

tion isincorrect.

Can cancel infusion if selection isincorrect.

Can cancel infusion if selection isincorrect.

(NBC dose/mz) iscontrolled by library limitsfor thisdrug,
and BSA is controlled by maximum limits per profile.

Duration can be default set and controlled according to
minimum-maximum in the drug library per drug.

START Begin infusion

NO START and can cancdl infusion if selectionisin-
correct.

3FMEA: failure mode effect analysis.

bBSA: body surface area.

°NB: nota bene (note well).

General advice from this process would be to ensure that the
full name of the medication is given in every step and that it is

present inthe clinical advisory (thisshould beafree-text option
in smart pumps with this feature).

http://humanfactors.jmir.org/2020/3/€20364/

The JCI organization has noted that half of the cases of
preventable harm from medications are associated with the
following three categories of medications: opiates, insulin, and
heparin [22]. The commission aso recommends each facility
to create a list from its formulary of LASA medications
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alongside that of its high-risk medications. A regular review of
cancelled infusions and medication name corrections could
assist in designing and monitoring the effectiveness of such a
strategy. Risk management DERS strategies should aim for a
balance of clarity and ease of use, as well as measurement of
the usage of the library (compliance). Specialist uses of
medications need to be present in therapies, but too many similar
options can cause confusion at the bedside. Therapy titling
should clearly match the computerized provider order entry
system, and thistoo requires a high capacity character count to
be available.

Asdiscussed earlier, thetrue level of medication administration
error for both medication and dose is unknown, despite the best
efforts of researchers from every region. It is however clear
from the study and from existing literature that the problems of
wrong medication selection with LASA medications and wrong
dose selection are considerable. It is suggested that bidirectional
IV pump-EMR autopopulation utilizing barcode medication
administration processes would substantially reduce these two
risks to patient safety and also reduce the risk of wrong
patient-wrong medication errors. However, bidirectional 1V
pump-EMR autopopulation is not always deployable for every
patient event, as in the case of stat or verbal orders, and there
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Publication and analysis support was provided by the Eastern Europe, Middle East and Africa Medical Affairs Department of
Becton, Dickinson and Company (BD), amanufacturer of abroad portfolio of health care products, including automated dispensing
products. The company iscommitted to enhancing patient, clinician, and environmental safety through scholarly scientific research.

Conflictsof I nterest

RAJ certifies that she has no financial affiliations with or involvement in any organizations or entities with afinancial interest.
ASAJ certifies that he has no financial affiliations with or involvement in any organizations or entities with a financial interest.
JW certifies that he has no financial affiliations with or involvement in any organizations or entities with a financial interest,
beyond his employment in the Medical Affairs Department at Becton, Dickinson and Company (BD). TK certifies that he has
no financial affiliations with or involvement in any organizations or entities with a financial interest, beyond his employment in
the Medical Affairs Department at Becton, Dickinson and Company (BD).

References

1. BatesDW, Vanderveen TW, Seger DL, Yamaga C, Rothschild M. Variability in Intravenous Medication Practices:
Implications for Medication Safety. The Joint Commission Journal on Quality and Patient Safety 2005 Apr;31(4):203-210
[FREE Full text] [doi: 10.1016/S1553-7250(05)31026-9]

2. Eskew JA, Jacobi J, Buss WF, Warhurst HM, Debord CL. Using Innovative Technologiesto Set New Safety Standards for
the Infusion of Intravenous Medications. Hospital Pharmacy 2002;37(11):1179-1189. [doi: 10.1177/001857870203701112]

3. Waterson J, Bedner A. Types and Frequency of Infusion Pump Alarms and Infusion-Interruption to Infusion-Recovery
Timesfor Critical Short Half-Life Infusions: Retrospective Data Analysis. IMIR Hum Factors 2019 Aug 12;6(3):€14123
[FREE Full text] [doi: 10.2196/14123] [Medline: 31407667]

4.  Waterson J. Making smart pumps smarter, making IV therapy safer. British Journal of Nursing 2013 Jul;22(Sup13):22-27.

[doi: 10.12968/bjon.2013.22.5up13.22]

ECRI Institute. Infusion Pump Integration. In: Health Devices. Plymouth Meeting, PA: ECRI Ingtitute; 2013:210-221.

Smart Pump Custom Concentrations without Hard “Low Concentration” Alerts Can Lead to Patient Harm. Institute for

Safe Medication Practices. 2019. URL: https://www.ismp.org/resources/

Smart-pump-custom-concentrati ons-without-hard-1 ow-concentration-al erts-can-lead-patient [accessed 2020-02-01]

7.  Trbovich PL, Pinkney S, Cafazzo JA, Easty AC. The impact of traditional and smart pump infusion technology on nurse
medication administration performancein asimulated inpatient unit. Qual Saf Health Care 2010 Oct;19(5):430-434 [FREE
Full text] [doi: 10.1136/qgshc.2009.032839] [Medline: 20427310]

o u

http://humanfactors.jmir.org/2020/3/e20364/ JMIR Hum Factors 2020 | vol. 7 | iss. 3 [e20364 | p.38

(page number not for citation purposes)


https://www.npa.co.uk/news-and-events/news-item/npa-medication-safety-update-mso-report-quarter-4-2019-england/
http://dx.doi.org/10.1016/S1553-7250(05)31026-9
http://dx.doi.org/10.1177/001857870203701112
https://humanfactors.jmir.org/2019/3/e14123/
http://dx.doi.org/10.2196/14123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31407667&dopt=Abstract
http://dx.doi.org/10.12968/bjon.2013.22.sup13.22
https://www.ismp.org/resources/smart-pump-custom-concentrations-without-hard-low-concentration-alerts-can-lead-patient
https://www.ismp.org/resources/smart-pump-custom-concentrations-without-hard-low-concentration-alerts-can-lead-patient
http://qualitysafety.bmj.com/cgi/pmidlookup?view=long&pmid=20427310
http://qualitysafety.bmj.com/cgi/pmidlookup?view=long&pmid=20427310
http://dx.doi.org/10.1136/qshc.2009.032839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20427310&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Waterson et al

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Wetterneck T, Skibinski K, Roberts T, Kleppin S, Schroeder M, Enloe M, et al. Using failure mode and effects analysis to
plan implementation of smart i.v. pump technology. Am J Health Syst Pharm 2006 Aug 15;63(16):1528-1538. [doi:
10.2146/ajhp050515] [Medline: 16896081]

Stamatis D. Failure mode and effects analysis: FMEA from theory to execution. Milwaukee, WI: ASQC Quality Press;
1995.

Jha AK, Kuperman GJ, Teich M, Leape L, Shea B, Rittenberg E, et a. |dentifying adverse drug events: devel opment of
a computer-based monitor and comparison with chart review and stimulated voluntary report. JAm Med Inform Assoc
1998;5(3):305-314 [FREE Full text] [doi: 10.1136/jamia.1998.0050305] [Medline: 9609500]

Ceriani Cernadas JM, Bogado L, Espinola Rolén F, Galletti MF. Voluntary and anonymous reporting of medication errors
in patients admitted to the Department of Pediatrics. Arch Argent Pediatr 2019 Dec 01;117(6):€592-e597 [FREE Full text]
[doi: 10.5546/aap.2019.eng.e592] [Medline: 31758886]

Valentin A, Capuzzo M, Guidet B, Moreno R, Metnitz B, Bauer P, Research Group on Quality Improvement of the European
Society of Intensive Care Medicine (ESICM), Sentinel Events Evaluation (SEE) Study Investigators. Errorsin administration
of parenteral drugs in intensive care units; multinational prospective study. BMJ 2009 Mar 12;338:b814 [EREE Full text]
[doi: 10.1136/bmj.b814] [Medline: 19282436]

Hurst L, Mahtani K, Pluddemann A, Lewis S, Harvey K, Briggs A, et al. Defining Value-based Healthcare in the NHS:
The CEBM Report. Centre for Evidence-Based Medicine. 2019. URL : https.//www.cebm.net/2019/04/

defining-val ue-based-healthcare-in-the-nhs/ [accessed 2019-10-22]

Ubanyionwu S, Beyer J. Revolutionize Medication Safety with Smart Pump-Electronic Health Record Interoperability.
2019 Presented at: American Society of Health-System Pharmacists (ASHP) Summer Meetings & Exhibition; June 11,
2019; Boston, MA.

Biltoft J, Finneman L. Clinical and financial effects of smart pump-electronic medical record interoperability at a hospital
inaregiona health system. Am JHealth Syst Pharm 2018 Jul 15;75(14):1064-1068. [doi: 10.2146/ajhp161058] [Medline:
29987060]

Briggs B. Point of care can be anywhere. Health Data Manag 2003 Dec;11(12):22-26. [Medline: 14682252]

Rothschild M, Landrigan CP, Cronin JW, Kausha R, Lockley SW, Burdick, et al. The Critical Care Safety Study: The
incidence and nature of adverse eventsand serious medical errorsinintensive care. Crit Care Med 2005 Aug;33(8):1694-1700.
[doi: 10.1097/01.ccm.0000171609.91035.bd] [Medline: 16096443]

Rawlinson G. The Significance of Letter Position in Word Recognition. IEEE Aerosp. Electron. Syst. Mag 2007
Jan;22(1):26-27. [doi: 10.1109/maes.2007.327521]

Paap KR, Newsome SL, Noel RW. Word shape's in poor shape for the race to the lexicon. Journal of Experimental
Psychology: Human Perception and Performance 1984;10(3):413-428. [doi: 10.1037/0096-1523.10.3.413]

Larson K. The Science of Word Recognition. Eye 52. 2004. URL : http://www.eyemagazine.com/opinion/article/
the-science-of-word-recognition [accessed 2020-02-01]

NPA medication safety update (M SO report) Quarter 4 2019 (England). National Pharmacy Association. 2019. URL: https:/
/www.npa.co.uk/news-and-events/news-item/npa-medi cati on-saf ety-update-mso-report-quarter-4-2019-england/ [ accessed
2020-04-01]

No authors listed. Joint Commission IDs five high-alert meds. ED Manag 2000 Feb;12(2):21-22. [Medline: 11067326]

Abbreviations

ADE: adverse drug event

DERS: dose error reduction software
EMR: dectronic medical record
FMEA: failure mode effect analysis
IV: intravenous

JCI: Joint Commission International
LASA: lookalike-soundalike

http://humanfactors.jmir.org/2020/3/e20364/ JMIR Hum Factors 2020 | vol. 7 | iss. 3 [€20364 | p.39

(page number not for citation purposes)


http://dx.doi.org/10.2146/ajhp050515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16896081&dopt=Abstract
http://europepmc.org/abstract/MED/9609500
http://dx.doi.org/10.1136/jamia.1998.0050305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9609500&dopt=Abstract
https://doi.org/10.5546/aap.2019.eng.e592
http://dx.doi.org/10.5546/aap.2019.eng.e592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758886&dopt=Abstract
http://europepmc.org/abstract/MED/19282436
http://dx.doi.org/10.1136/bmj.b814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19282436&dopt=Abstract
https://www.cebm.net/2019/04/defining-value-based-healthcare-in-the-nhs/
https://www.cebm.net/2019/04/defining-value-based-healthcare-in-the-nhs/
http://dx.doi.org/10.2146/ajhp161058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29987060&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14682252&dopt=Abstract
http://dx.doi.org/10.1097/01.ccm.0000171609.91035.bd
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16096443&dopt=Abstract
http://dx.doi.org/10.1109/maes.2007.327521
http://dx.doi.org/10.1037/0096-1523.10.3.413
http://www.eyemagazine.com/opinion/article/the-science-of-word-recognition
http://www.eyemagazine.com/opinion/article/the-science-of-word-recognition
https://www.npa.co.uk/news-and-events/news-item/npa-medication-safety-update-mso-report-quarter-4-2019-england/
https://www.npa.co.uk/news-and-events/news-item/npa-medication-safety-update-mso-report-quarter-4-2019-england/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11067326&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Waterson et al

Edited by B Price, G Eysenbach; submitted 18.05.20; peer-reviewed by J Aarts, D Banks, A Kardos, comments to author 08.06.20;
revised version received 23.06.20; accepted 25.06.20; published 11.08.20.

Please cite as:

Waterson J, Al-Jaber R, Kassab T, Al-Jazairi AS

Twelve-Month Review of Infusion Pump Near-Miss Medication and Dose Selection Errorsand User-Initiated “ Good Save” Corrections:
Retrospective Sudy

JMIR Hum Factors 2020; 7(3): 20364

URL: http://humanfactors.jmir.org/2020/3/e20364/

doi: 10.2196/20364

PMID: 32667895

©James Waterson, Rania Al-Jaber, Tarek Kassab, Abdulrazag S Al-Jazairi. Originally published in JIMIR Human Factors
(http://humanfactors.jmir.org), 11.08.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on http://humanfactors.,jmir.org, as well as this copyright and license information
must be included.

http://humanfactors.jmir.org/2020/3/e20364/ JMIR Hum Factors 2020 | vol. 7 | iss. 3 [e20364 | p.40
(page number not for citation purposes)

RenderX


http://humanfactors.jmir.org/2020/3/e20364/
http://dx.doi.org/10.2196/20364
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32667895&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS McCarthy et al

Original Paper

Embedding the Pillars of Quality in Health Information Technology
Solutions Using “Integrated Patient Journey Mapping” (IPJM):
Case Study

Stephen McCarthy®, PhD; Paidi O'Raghallaigh’, PhD; Simon Woodworth®, PhD; Yoke Yin Lim? MD; Louise C
Kenny?®, PhD; Frédéric Adam™*, PhD

1Department of Business Information Systems, Cork University Business School, University College Cork, Cork, Ireland

2Cork University Maternity Hospital, Cork, Ireland

3Dept. of Women’s and Children’s Health, Institute of Life Course & Medical Sciences, University of Liverpool, Liverpool, United Kingdom
4 NFANT SFI Centre, University College Cork, Cork, Ireland

Corresponding Author:

Stephen McCarthy, PhD

Department of Business Information Systems
Cork University Business School

University College Cork

Western Road

Cork, T12 K8AF

Ireland

Phone: 353 21 490 ext 3214

Email: stephen.mccarthy@ucc.ie

Abstract

Background: Health information technology (HIT) and associated data analytics offer significant opportunities for tackling
some of the more complex challenges currently facing the health care sector. However, to deliver robust health care service
improvements, it is essential that HIT solutions be designed by parallelly considering the 3 core pillars of health care quality:
clinical effectiveness, patient safety, and patient experience. This requires multidisciplinary teams to design interventions that
both adhere to medical protocols and achieve the tripartite goal's of effectiveness, safety, and experience.

Objective: In this paper, we present a design tool called Integrated Patient Journey Mapping (IPJM) that was developed to
assist multidisciplinary teams in designing effective HIT solutions to address the 3 core pillars of health care quality. IPIM is
intended to support the analysis of requirements as well as to promote empathy and the emergence of shared commitment and
understanding among multidisciplinary teams.

Methods: A 6-month, in-depth case study was conducted to derive findings on the use of IPIM during Learning to Evaluate
Blood Pressure at Home (LEANBH), a connected health project that developed an HIT solution for the perinatal health context.
Data were collected from over 700 hours of participant observations and 10 semistructured interviews.

Results:  The findings indicate that 1PIM offered a constructive tool for multidisciplinary teams to work together in designing
an HIT solution, through mapping the physical and emotional journey of patients for both the current service and the proposed
connected health service. Thisallowed team membersto consider the goal s, tasks, constraints, and actorsinvolved in the delivery
of thisjourney and to capture requirements for the digital touchpoints of the connected health service.

Conclusions: Overdl, IPIM facilitates the design and implementation of complex HITsthat require multidisciplinary participation.

(IMIR Hum Factors 2020;7(3):€17416) doi:10.2196/17416
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Introduction

Prior Work

Significant investment continues to be directed toward service
reform strategiesto deal with the sizable challengesfacing hedlth
care sectors [1]. These challenges include, but are not limited
to, an increasing demand for chronic care, shortagesin skilled
medical labor, and an aging population [2,3]. In the United
Kingdom, the government pledged a £20.5 hillion (US $27
billion) increasein the National Health Service' sbudget between
2019 and 2024 to foster widespread performance improvements
across both primary and secondary care with theaim of tackling
these challenges [4]. This trend toward increased spending is
likely to continue into the future as nations across the globe
seek to deal with large-scal e economic and demographic changes
[1].

Health care service redesign through the adoption of health
information technology (HIT) is being proposed as a means of
increasing both the efficiency and effectiveness of health care
services, reducing waiting times, and improving the standards
of patient care[5,6]. In particular, connected health has emerged
as a promising area of research for addressing some of the
current challenges [7-9]. This blends the physical and digital
realms by capturing real-time data from numerous connected
HIT devices (eg, smartphone apps, weighing scales, blood
pressure monitors, etc) to ensure that health care stakeholders
(eg, patients, carers, clinicians, etc) are provided with timely,
accurate, and pertinent information regarding the patient’s status
[8,10]. Combined with advanced data anal ytics, connected health
platforms can also contribute to the improvement of health
outcomes through targeted and early interventions [11]. For
instance, data analytics can provide clinicianswith key insights
derived from patterns in large patient data sets, which can in
turn contribute to improved clinical decision making. This can
help reduce decision makers' reliance on gut feeling or intuition
by fostering a data-driven, evidence-based approach to clinical
decision making and decision support [ 12-14]. Connected health
platforms, combined with the use of smartphone apps, also offer
the possibility of deploying coaching on a broad scale to
improve adherence and outcomes for those affected by avariety
of conditions, such as diabetes [15-17].

However, Chen et al [18] noted that these targets can only be
achieved through appropriately designed interventions. This
requires inputs from all relevant stakeholders to design
connected health solutionsthat not only fit the needs of patients
[19] but also fit within the health care ecosystems and are viable
and sustainablein thelong term [18]. The mapping tool that we
present in this paper is amed specifically at eliciting and
channeling the opinions and preferences of a varied group of
stakeholders around the possible use of HIT across a medical
pathway.

According to Doyle et a [20], there are 3 core pillars of health
care quality, which health care reform strategies (including those
involving connected health) must cater to, clinical effectiveness,
patient safety, and patient experience. Their contention has been
broadly supported by other researchers (for instance, the study
by Anhang et al [21]), with their paper receiving over athousand
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citations and many researchers adopting their 3-pillar
framework. The core argument in this stream of research isthat
the relationship between patient experiences and other aspects
of careis symbiotic and critical. We agree with the view that
patient experiences are an integral aspect of care quality (even
if they may not be directly related to clinical processes and
outcomes [22]. We strongly agree that we need to understand
how patient experiences are associated with the effective use
of structures, the underlying health care processes, and the
occurrence of health outcomes. This knowledge ought to be
directed toward improving the efficiency and effectiveness of
care[21]. Thus, in this study, we adopted the 3 pillars of health
care quality by Doyle et a [20] as a guiding framework.

To date, health service reform initiatives have focused on
measures of clinical effectivenessand patient safety, with patient
experience receiving less attention [5,23]. It does not follow
that an efficient and compliant service will mean agood patient
experience. For instance, a patient might receive an appointment
quickly, but their overall experience may be poor if, for example,
they feel that their unique needs are not catered to. In most
cases, connected health solutions involve patients who directly
engage with apps, often in their homes or in the community.
Given the absence of direct supervision, it is critical that the
apps and devices are easy to use and that they promote
appropriate, accurate, and safe usage. Generally, connected
health solutions raise significant and new ethical concerns,
which need careful consideration [24]. Therefore, it is crucia
that their design considers all 3 central pillars of health care
quality (clinical effectiveness, patient safety, and patient
experience) in tandem [20,25]. Failure to consider these pillars
may mean that key requirements and constraints are overlooked,
leading to problems later—poor quality data, low utilization of
health care services, ineffective decisions by heath care
professionals, or unethical use of data[20,26].

Although methods are available for exploring each pillar of
health care quality in isolation, to the best of our knowledge,
thereisno single design tool currently in use that addresses all
3 pillars collectively, and more particularly in the context of
technology-intensive and multidisciplinary fields such as
connected health. This paper, goes some distance to address
this shortfall by presenting a design tool we developed called
Integrated Patient Journey Mapping (IPJM). This tool is
primarily aimed at supporting the analysis and design of
connected health apps. Inspired by the concept of journey
mapping, it allows researchers and practitioners to
simultaneously and explicitly consider the factors of clinical
effectiveness, patient safety, and patient experience in tandem.
Thetool has primarily been validated through itsusein a series
of projects. In this paper, we focus on its use in aproject called
Learning to Evaluate Blood Pressure at Home (LEANBH) that
involves the devel opment of a connected health app focused on
the investigation of preeclampsia, a disorder of pregnancy that
can lead to a variety of adverse outcomes.

Theremainder of the paper isstructured asfollows: Onthebasis
of areview of existing literature, the Introduction section offers
a background to the development of the mapping tool in the
context of connected health and describes IPIM. The Methods
section explainsthe methods, while the Results section provides
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results from the LEANBH project on the use of IPIM in a
perinatal context. A discussion of the findings as they pertain
to academic and practitioner communities is outlined in the
Discussion section.

Background

Connected Health and Data Analytics

Connected health has been defined asanovel, conceptual model
for health care management “where devices, services, or
interventions are designed around the patient's needs, and
health-related data is shared, in such away that the patient can
receive carein the most proactive and efficient manner possible”
[10]. Connected health aims to provide al actors involved in
the delivery of health care services with timely, accurate, and
pertinent information around the patient’s current state of
well-being [8,10,27,28]. This is made possible by the
development of information technology (IT) platforms that
seamlessly integrate numerous connected health devices, which
alow rea-time management and monitoring of patients
well-being across different settings[28-30]. This has been made
possible through the increasing availability of new wireless
networks (eg, Wi-Fi, Bluetooth, and 4G or 5G networks) that
enable high-speed seamless integration of connected health
devices and secure data repositories for storing health-related
data

Connected hedlth platforms also enable health care actors to
take effective measures for managing the patient’s state of
well-being by analyzing health datafrom these devices[10,30].
Collected data from connected devices can be continuously
analyzed and shared to provide actors with key insights that
allow them to take effective action. For instance, feedback can
be derived from an analysis of a patient’s home-based blood
pressure readings or blood glucose levels taken from wearable
body sensors or connected devices that record patients’ vitals
[31,32]. In addition, rule-based systems can be employed to act
asearly warning systemswhereby health care professionalsare
notified when a patient’s vitals pass certain thresholds, as
detailed in the relevant clinical guidelines[33].

Connected hedlth solutions and data analytics support a
proactive model of care in which all stakeholders are provided
with critical feedback at key touchpoints between the patient,
the connected health platform, and the health care service
[10,34]. At the same time, this provides a clear opportunity to
re-engineer rel evant pathwaysto boost their effectivenesswhile
also leveraging leading-edge technology to reduce the
transaction cost or increase the throughput of key health care
services. However, the mapping of these touchpoints can be a
challenging task, given the complexity of the pathways as well
asthe ubiquity and diversity of patient datain connected health
scenarios [35]. Existing modeling techniques often fail to
identify the ideal placement and configurations of connected
health solutions within the health care service network [35].

Central Pillars of Health Care Quality

Quality improvement is the primary goa of all modern health
care service organizations, which strive for better patient health
care outcomes, service performance, and professional
development in the delivery of health care services [36].

http://humanfactors.jmir.org/2020/3/e17416/

McCarthy et al

According to Doyle et a [20], there are 3 central pillars that
congtitute health care quality

Clinical Effectiveness

Clinical effectiveness concerns the improvement of the current
clinical practicesand their related health care service outcomes
[25]. Clinica effectiveness can be improved through the
identification of nonvalue adding steps that fail to directly
improvethe quality of patient care[37]. Workflow analysiscan
help improve the effectiveness, efficiency, and efficacy of
clinical servicesbased on an in-depth understanding of the status
guo [38,39]. For instance, workflow analysis can be undertaken
toinvestigate and identify potential variationsin service delivery
and to identify issues such as bottlenecks and resource
constraints.

Patient Safety

Patient safety aimsto safeguard different dimensions of patient
well-being through regulation and proactive measuresin practice
[25]. The health care sector is a highly regulated environment,
which demands that patient safety is taken into consideration
in service reform initiatives. Examples of the constraints that
ought to be considered when addressing patient safety include
medical protocols and clinical guidelines (eg, the National
Ingtitute for Health and Care Excellence guidelines), ethical
standards (eg, the Hippocratic Oath), medical device certification
(eg, Food Drug Administration approval in the United States
and Conformité Européene (CE) Marking in the European
Union), and data protection (eg, General Data Protection
Regulation). Thesefactors act asguide railsthat aim toimprove
patient safety [40].

Patient Experience

Patient experience centers on apatient’s* personal interpretation
of the service process and their interaction and involvement
with it during their journey or flow through a series of
touchpoints’ [41]. Zomerdijk and Voss [42] state that
experiences are constructed based on the interpretation of
encounters and interactions designed by the service provider.
Although providers cannot directly offer an experience, they
can create the foundational basis on which stakeholders (eg,
customers, patients, and employees) can derive their own
experiences. Although operational service quality looks at
whether a service is delivered to its predefined specification,
patient experienceis based on the patient’sfeelings, judgments,
and perceptions of the benefits derived from the service [41,43].
Patient experience is a key factor in ensuring compliance with
recommendations as patients are much more likely to disregard
or abandon tools and practices if they contribute to a poor
experience. Patient experience must also be considered from
an ethical viewpoint where patients must be fully aware* of the
nature, scope, and granularity of data collected and what
information they are actually consenting to provide”’ [24].

However, although some methods for improving clinical
effectiveness and managing patient safety are relatively well
established in the health care sector (eg, process mapping,
service blueprinting, etc), methods for enhancing patient
experience are less entrenched, particularly within connected
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health [5,23,35]. Thefollowing section looks at journey mapping
asapatient-centric tool for designing health care servicereform.

Journey Mapping

Journey maps have been used in several areasto offer pictorial
illustrations of complex processes or interactions that would
otherwise be difficult to apprehend. Howard [44] noted that
journey maps evolved from the field of service design when
designers sought to re-engineer or optimize the service delivery
of organizations or developed blueprints for new services (see
the study by Stickdorn and Schneider [45]).

In particular, journey maps can be used to depict the health care
service from the perspective of different actors, such as patients
[37,42,46]. Inthe case of the patient, they are based on mapping
consecutive touchpoints between the patient and the service,
the nexus of where patient experience is actively shaped
[23,42,47]. They see the relationship between the patient and
service organization as something emergent, dynamic, and
ubiquitous within the larger context and go beyond the more
static view provided by other service design methods [42].
Percival and McGregor [48], for instance, proposed a mapping
techniquethat includes anumber of layers: staff roles, processes,
information creation or movement, HIT solutions, IT
infrastructure, patient needs or practice guidelines or policies,
and metrics. Journey maps incorporate both physical and
emotional aspects of the patient’s journey with the aim of
capturing and shaping the patient's behavior, feelings,
motivations, and attitudes across the episodes of care, taking
into account such important factors as the environment or
context. They also help professionals to visually externalize
their disciplinary knowledge and collect multidisciplinary
insights. This promotes alignment but also empathy toward
patient groups by placing the patient at the heart of the modeling
process [49] and by creating avisually compelling story of the
patient’s experience [43].

User representations are devel oped to categorize and personify
different target groups through the description of fictional users,
that is, name, picture, persona background, and goals. User
personas involve creating representations of typical users to
help design teams to better understand and take account of the
mental models of these groups, that is, their expectations, prior
experience, and anticipated behavior [50]. LeRouge et a [50]
stated that user personas address the limitations of common
modeling tools such as Unified Modeling Language diagrams
by integrating the conceptual model of users, their cognitive
structures, and present behavior that drives health care thinking,
future behavior, and demand.

Journey maps can be combined with user personas in the
requirements gathering process to direct increased attention
toward patient experience. The added contribution of personas
to journey maps is that instead of being static representations
of demographic profiles, they offer dynamic views of customers
and users’ experiences in their interactions with current and
proposed products and services. The combined approach can
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then be employed to make design decisions and evaluate design
solutions according to the unique needs of each persona. This
stimulates creativity among team members when trying to
address user needs and usability across numerous different
real-life scenarios [51]. Critically, a small number of personas
have been found to support the consideration of large, diverse
populations, making the concept particularly useful for health
care scenarios [52].

Developing Complex Apps

The area of HIT development has received considerable
attention over the last 40 years. This time has seen the
emergence of increasingly sophisticated platforms and
development environments. Recently, the availability of
cloud-based solutions, smart interconnected devices, and mobile
apps has unleashed the potential for connected health apps.
Unfortunately, these benefits can often be offset by the
complexity and cost of developing connected health apps. The
set of required development skills is becoming increasingly
specialized, asis the complexity of the project management of
the multidisciplinary teams required when developing such
solutions. Mapping tools might be auseful approach for building
cohesion within such teams, but at the same time, they must be
understandabl e by diverse groups and professionsto ensure that
shared knowledge can be nurtured during the development
process.

In the following section, we describe IPJM, a visua tool
developed to help design teams to meet these challenges and to
understand how to best reconcile the sometimes divergent
requirements arising out of the need for clinical effectiveness,
patient safety, and pati ent experience when designing connected
health solutions. IPIM is also intended to promote harmonious
team performance by negotiating and finding the right balance
between the somewhat competing needs of different groups.
This requires collaboration between different competencieson
multidisciplinary teams. It also requires the management of
conflict, which is likely to emerge from a comprehensive
consideration of all viewpoints [53-55]. As a result of using
IPIM, we hope that robust and high-quality designswill emerge
for the solutions being considered.

IPIM

The IPIM tool was built using an ontology that conceptualizes
thejourney of apatient along amedical pathway. The ontology
ams to promote a common vocabulary [56] among
multidisciplinary design teams based on the 3 core pillars of
health care quality. It capturesthe key elements of the journey:
the structure of elements, relationships between elements, and
implicit rules that govern the behavior of elements [57]. The
ontology depicted in Figure 1 is provided in the literature. In
addition, it has been validated through qualitative feedback from
a number of projects that involve the use of IPIJM, including
the LEANBH project, which isdescribed in the M ethods section
of this paper.
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Figure 1. Integrated Patient Journey Map Ontology.
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The ontology issplitinto 3 main areas: the patient persona, the
medical timeline, and the medical pathway. First, the patient
persona provides a characterization of a user group under
consideration (eg, an expectant mother who is at risk of
hypertension) and is inextricably linked to al other elements
of the ontology. The medical timeline adds a temporal aspect
to the episode of care by dividing it across adefined time frame
(eg, the weeks of a pregnancy). The medical pathway centers

Textbox 1. Components of the medical pathway.

on the consecutive events or steps in the episode of care [46]
and consists of 7 subcomponentsthat are defined and described
in Textbox 1. In particular, the medical pathway describes the
physical journey, the emotional journey, and the device
touchpoints associated with an episode of care. The physical
journey isfurther divided into tasks, and these tasks are further
subdivided into goals, constraints, and actors.

appointments)

« Physical journey: maps the movement of the patient across an episode of care as she moves from one touchpoint to another in different settings
(eg, patient’shome, general practitioner clinic, or emergency room) where the health care serviceisdelivered and the patient experienceis derived

. Emotional journey: shows how the patient’s experience changes as she moves through the different touchpoints

«  Devicetouchpoints: liststhetechnological solutions utilized by the different actors (eg, doctor, general practitioner, and patient) at each touchpoint
« Actors: lists the stakeholders involved in the delivery of the health care service (eg, hospital doctors, general practitioners, and nurses)

«  Task: details the tasks undertaken by each actor in the health care service delivery (eg, measuring the patient’s blood pressure and registering

«  Goas: comprises the desired outcomes that actors aim to deliver when carrying out tasks (eg, clinical, operational, and administrative goals)

«  Constraints: outlines the constraints such as treatment guidelines based on medical protocols, governance, safety, and clinical guidelines

In this way, the ontology provides the foundational basis for
IPIM by outlining the context in which the patient journeys
transpire. Going back to the underpinnings of the concept of
journey maps, the mapping tool (through the use of the ontology)
visualizes the journey of a personafacing a scenario. This can
sensitize designers and devel opersto theintricacies of individual
personas and scenarios and minimize the risk of designing for
normative situations that do not reflect the real situations of
actual patients. Commercia firms and public sector agencies
have used such ontologies very successfully in seeking to
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develop interaction mechanisms with their customers and with
members of the public who need to access their services, such
asinthe case of disabled people who have special mobility and
cognition needs [58].

IPIM can be used to show the as is and the to be comparison
between the existing medical pathway and the intended modified
pathway enhanced with technology, devices, apps, and other
new components and interactions. This ensures the tool’s
usefulness for negotiation and communication of the design of
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the proposed connected health solution, especially between
clinical specialistsand designers or devel opers of the solutions.
In seeking to make a business case for new pathways, the map
can be used to demonstrate to relevant health care authorities
the potential impact of proposed changes.

IPIM Template

Building on this ontology, weiteratively designed and eval uated
the visual elements of ajourney mapping tool called IPIM. An

Figure 2. Base Integrated Patient Journey Map Template.
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example of a base template, constructed iteratively using the
ontological components, is shown in Figure 2. The patient
personais situated on the | eft side of the template, the medical
pathway and its subcomponents are positioned in the center,
and the medical timeline is displayed horizontally on the top of
the template. Tasks, goals, constraints, and actors are listed
within the safety and governance component.
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Each of these areas of the IPIM maps to the 3 core pillars of
health care quality previously outlined in the Background
section. For instance, the physical journey aims to provide
insightsinto the clinical effectiveness of the health care service
by plotting the sequence of steps involved in the delivery of
care. This, in turn, can be used to examine the steps to identify
those that do and do not add value to the health care service.
The emotional journey deals with patient experience. This is
based on the likely emotional response of the patient to
individual steps in the health care service. Finaly, safety and
governance maps the aspects of patient safety based on the
responsihilities of different actorsand their associated regulatory
constraints.

The device touchpoint area caters for the connected health
context and maps the different connected devices and data
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analytic solutions that are employed by actors when delivering
the service. For instance, one touchpoint between the patient
and the health care service could involve the use of asmartphone
app and a connected medical device for tracking and sharing
data on the patient’s state of well-being. Another touchpoint
could involve the use of data analytics by clinicians to gain
insights into the patient’s state of well-being, forecasting
potential health issues and intervening when required.

A design science approach was followed to ensure that there
was a rigorous basis for the construction of the tool [59]. A
description of the researchers’ approach to design science was
previously presented in a study by McCarthy et a [60].
Following O'Raghallaigh et a [56], the design science approach
consisted of 2 central activities: (1) identifying and generating
foundational abstract knowledge from academic and practitioner
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literature to guide, explain, and justify the design approach and
(2) using and refining abstract foundational knowledge in
devel oping and eval uating prototypes through engagement with
potential users of thetool. The approach thus sought to integrate
both design practices (construction of the artifact supported by
existing knowledge) with design science (generation of
knowledge through the construction and evaluation of the
artifact). For example, the initial version of the ontology was
developed from a scientific understanding of the academic
literature. On the other hand, the first version of the mapping
tool was largely developed through practice.

Prototypes of the IPIM tool were evaluated using different
techniques. Evaluation primarily focused on examining the use
of thetool by design teams during projectsfocused onincreasing
health care quality (clinical effectiveness, patient safety, and
patient experience). In addition, the general evaluation looked
a IPIM as an analytical tool to support the collection of
requirements for connected health apps. In the case of the

McCarthy et al

LEANBH project, evaluation invol ved amultidisciplinary team
of stakeholders working together to populate IPIM templates
for 8 personas across diverse scenarios (such as white-coat
hypertension, chronic hypertension, gestational hypertension,
and preeclampsia). A separate template was used to map the
journey for each persona facing a scenario. Post-it notes were
used to fill in the components of the journey, and these were
positioned across the 4 areas of the template. This approach
allowed the journey to be easily modified by iteratively adding,
moving, or removing the post-it notes. Different colored markers
were used to connect and codify post-it notes and to indicate
where changes needed to be made to the journeys based on
discussion among the team members. Table 1 provides a
summary of the eval uation techniques used during the LEANBH
project.

The following section outlines the in-depth case study of the
LEANBH project.

Table 1. Techniques used to evaluate the Integrated Patient Journey Mapping during the Learning to Evaluate Blood Pressure at Home project.

Data collection Brief description Purpose
Workgroup Four full-day workshops involving a multidisciplinary group of stakeholders. The  Exploratory design of the model-
workshops focused on deriving requirements for a connected health system that ing tool

would monitor the well-being of expectant mothers across different settings such as
the antenatal clinic, general practitioner’s practice, and an expectant mother’s home

Semistructured interviews

Semistructured interviews each lasting about 1 hour were conducted with the 10 in-
dividual team membersto gain further in-depthinsightsinto the |PIM2tool. Interviews

Individual stakeholder’s subjec-
tive evaluation of IPIM

were conducted with the principal investigator, project manager, 2 developers, a
funded investigator, data architect, clinical lead, clinical researcher, research nurse,

and the director of acommercia partner

Analysisof supporting docu-
ments

A range of sources were used to ensure that |PIM considered clinical effectiveness,
patient safety, and patient experience goals. This involved analyzing best practices
around managing the patient pathway using sources such asthe UK’sNational Insti-

Evaluation of the prototype's
ability to represent the current
best practices

tute for Health and Care Excellence guidelines for managing hypertension during
pregnancy. In addition, information requirements were investigated based on the
Health Service Executive's maternity health record in Ireland and Data Protection

Act guidelines around health care research

% PJIM: Integrated Patient Journey Mapping.

Methods

Case Study Approach

Anin-depth case study approach [61] was undertaken to explore
the use of visual tools for embedding health care quality in the
design of connected health solutions. The in-depth case study
in question followed the guidelines provided in studies by Yin
[62,63]. It centered around the LEANBH project, apilot research
project that provides remote health care monitoring for expectant
mothersto improve the detection and treatment of hypertension

during pregnancy.
The LEANBH Case Study

Hypertensive disorders in pregnancy (eg, preeclampsia and
gestational hypertension) are a major cause of maternal and
neonatal mortality and morbidity worldwide, accounting for
16% of maternal deaths in developed nations such as Ireland
and 25.7% of maternal deathsin the devel oping nationsof Latin
Americaand the Caribbean [64]. In particular, preeclampsiais
a hypertensive disorder of pregnancy characterized by high

http://humanfactors.jmir.org/2020/3/e17416/

blood pressure (>140/90 mm Hg), the presence of protein in
urine, and other associated symptoms such as headaches and
edema, which can lead to serious complications during
pregnancy [65].

The LEANBH project was a collaborative effort that involved
organizations from academia, the health care sector, and the
industry. The multidisciplinary project team consisted of a
principal investigator, a project manager, a full-time and
part-time developer, an analyst, and a data architect (which
made up the information systems [IS] subgroup) and a clinical
lead, a clinical researcher, and a research nurse (which made
up the clinical subgroup). The primary goals of the project were
to increase clinical effectiveness, patient safety, and patient
experience in a perinatal care context. The project team was
tasked with building aconnected health platform that integrates
severa IT artifacts, including a smartphone app, a home blood
pressure monitor, and a urine analyzer for use by expectant
mothers. An electronic health record was included to capture
vitals for use by clinicians. The project also aimed to develop
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novel forecasting algorithms for predicting the likelihood of
gestational hypertension and preeclampsia.

The project was an observational study in which each patient
followed the standard pathway and had access to both the
standard care and the connected health platform. Thissimplified
the ethical approval process, which was mostly concerned with
providing complete and precise information to participants and
in eliciting their consent on recruitment. This was achieved by
creating a comprehensive patient information leaflet and
assigning a dedicated research nurse to recruiting patients and
training them in the use of the smartphone app, blood pressure
monitor, and urine analyzer. Ethical approval was granted by
both the University Clinical Research Ethical Committee and
the Health Service Executive via the Hospital’s Loca
Information Governance Group Research and Audit Committee.
The authorization covered 2 rounds of recruitment of 50 patients
each: thefirst group wasaninitia low-risk group and the second
group was a more representative group of pregnant women,
including women with preeclampsia.

Data Gathering

Qualitative data were triangulated using 3 data gathering
techniques. participant observations, interviews, and project
documents. First, the lead author was granted exceptional access
to the live project setting, which allowed him to carry out over
700 hours of in-depth participatory observationsin thefield for
aperiod of 6 months (June 2015 to January 2016). Participant
observations allowed the lead author to gain rich insightsinto
peoples’ actions and directly observe events as they unfolded.
In addition, semistructured interviews, each lasting about 1
hour, were then conducted with the 10 individual team members
to gain further in-depth insightsinto the project. Theinterviews
provided rich accounts of the subjects’ own words. Finaly, the
lead author also had access to project documents throughout
the development phase, which included emails, reports, and
project management outputs. These documents offered a
concrete account of the phenomenon of interest.

Data Analysis

Content analysis [66] was used to organize data into common
themes and triangulate findings from interviews, project
documents, and participatory observations. The content analysis
centered on both reflection-in-action and reflection-on-action
[67], with clinicians and IT specialists asked to validate |PIM
and the individual journey maps. This hybrid approach wasin
keeping with our use of the case study method, in an intrinsic
rather than an instrumental mode [68].

The journey map was first evaluated through
reflection-in-action, with participant observations by the lead
author using vignettes. As noted by Denzin and Lincoln [69],
“itisimportant to keep in mind that when conducting qualitative
research, the researcher isthe main tool for analysis” Vignettes
provided “a focused description of a series of events taken to
be representative, typical, or emblematic in the case” [70].
Vignettes were used in the first instance as many parameters
were emergent in our data analysis, and we wanted to stay as

http://humanfactors.jmir.org/2020/3/e17416/

McCarthy et al

close to the data as we could. This technique alowed the
researcher to produce, reflect, and learn from data around key
moments in the everyday life of the project [70,71]. Gaining
familiarity with the data, although arguably time consuming,
was a positive aspect of the data analysis process and helped
deliver abetter artifact as well as a deeper understanding of its

efficacy.

The efficacy of the journey map was also validated through
reflection-on-action by analyzing interviews. To enhance the
rigor in our data analysis, we used the computerized software
provided by NVivo (QSR International) to analyzetheinterview
transcripts. The lead author identified the codes of interest,
including variables such as concepts and properties as well as
the relationship between these variables[ 70]. As part of the data
analysis and evaluation process, the researcher’s perception of
variables and relationships, otherwise referred to as theoretical
sensitivity, was influenced by a reading of literature. The lead
author continuously reread interview transcripts and used NVivo
to manage the coding inventory.

Results

During the project initiation phase, the project manager
organized 4-day-long participatory design workshopsthat aimed
to build a collective vision for the project and to gather
requirements for the connected health platform. These
workshops involved stakeholders from the IS and clinician
subgroups. During the workshops, the project manager
encouraged the groups to work together in utilizing IPIM to
map the physical and emotional journeys of pregnant women
across the touchpoints of the proposed connected health service.
In this way, IPIM provided a canvas for the groups to explore
an improved antenatal pathway, technical considerations of the
connected health platform, and the needs and capabilities of
different stakeholders (eg, expectant mothers, clinicians,
developers, nurses, midwives, and other health care
practitioners). The groups used markers and post-it notes to
dialogically work through potential challengesfaced by personas
in engaging with the proposed service. Owing to delaysin the
ethical approval process, theinterdisciplinary team did not have
direct contact with expectant mothers during this time.

The project team used IPIM during successive workshops to
superimpose the journeys of fictional personas of different
expectant motherswho would use the connected health service.
In total, 8 fictional personas were identified by the team to
represent the different hypertensive disorders that can occur
during pregnancy and the medical scenariosthat can occur. This
included Sheila, a 31-year-old first-time expectant mother at
risk of hypertension during pregnancy because of a family
history of preeclampsia (Figure 3). Her journey through the
standard antenatal pathway was now complemented with her
use of the proposed connected health solution. Other personas
included Denise, a25-year-old expectant mother who devel oped
preeclampsia, and Fiona, a 29-year-old expectant mother who
developed gestational hypertension.
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Figure 3. Snapshot of a Completed IPIM.
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The project manager viewed the use of fictional personas as
vital in that they acted as surrogates for real expectant mothers
in the participatory design phase. This gave a voice to
individuals who could not be physically present in the room.
As aresult, IPIM helped to build a bridge between multiple
voices both inside and outside the design process, including the
missing voi ces of expectant mothers. Interestingly, these missing
voices often acted as the arbitrator during group discussions.
For example, when individual s disagreed on apoint, they would
often revert to asking one another what the personas would
want. This challenged the siloed thinking of both the clinical
and 1S subgroups. Individuals would often speak out on behal f
of one of the personas and assert how certain decisions would
affect the physical and emotional journey of this expectant
mother. One powerful example of this emerged during
discussions around the journey of Brenda, an expectant mother
who (due to the white-coat syndrome) isincorrectly diagnosed
with gestational hypertension and admitted to the hospital. The
group discussed the emotional impact that this event would
have on Brenda and challenged itself to come up with waysin
which the connected health platform could be designed to avoid
the unnecessary hospitalization of Brenda.

IPIM proved useful in helping individuals to build a deeper
understanding of the challenges faced by different users of the
proposed connected health platform. An exampleisthe case of
an expectant mother, Denise, who had young children to care
for during her pregnancy. Denise’'s journey generated
discussions around the challenges she would face if the
smartphone app forced her to take blood pressure readings at
strict timeintervals, which could interfere with her childminding
obligations. This chalenged the group’s prior assumptions.
They ended up altering the service to provide flexibility when
blood pressure readings could be recorded.

IPIM enabled the group to devel op acommon language around
the antenatal pathway. It became a powerful means of building
a shared understanding. For example, the IS subgroup faced a
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steep learning curve to reach an understanding of the obstetrics
domain and the various health care settings in which the
connected health platform would be deployed. Similarly,
clinicians had limited knowledge of the technical aspects of the
connected health platform. IPIM challenged siloed knowledge
around the clinical and technology pathways and hel ped bridge
disciplinary boundaries. The synergies arising from this
confluence of disciplinary knowledge were essential for
highlighting IT and clinical challenges, both previously known
and unknown. As pointed out by the developer:

It was useful. It was only when | walked through the
journey map explaining how the [smartphone] app
would work that | realised that others had different
inter pretations.

It also emerged that the IPIM tool was equally a means of
generating shared commitment among the groups. Individuals
later noted how participatory design activities using 1PIM
allowed the group to leverage the full range of capabilities
possessed by theinterdisciplinary group. As stated by the project
manager, these activities represented a significant milestone
where:

Technical concerns and clinician concerns were
starting to be addressed asa unit as opposed to being
two separate entities... For the first time people
realised that the journey wasn't a clinical journey, it
wasn't a medical journey, but neither was it a
technological journey. It was all combined together.

Inusing IPIM, many individualswerelargely unaware that they
were generating requirements for the proposed platform.
However, the analyst was able to capture requirements for the
platform from the discussionstaking place asindividua sworked
together in filling out the journey maps. The resultant journey
maps became arecord of all relevant design knowledge. Owing
to the visual and ingtinctive nature of the journey maps,
individuals were able to handle the complexity of the medical
scenarios, whereas this would not have been possible if
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traditional modeling techniques had been used, astheserequire
alevel of familiarity that some individuals did not possess.

Discussion

Principal Findings

The findings suggest that 1PIM can support multidisciplinary
teamsin exploring connected health solutionsthat consider the
3 pillars of hedth care quality: patient experience, clinical
effectiveness, and patient safety [20]. It supports groups in
understanding and negotiating conflicting requirementsthat can
arise during transformational projects. This is achieved using
journey mapping and user personasfor graphically externalizing
key domain knowledge. IPIM aso promotes creative thinking
around service reform goals and fosters dialogue among
stakehol ders, potentially leading to better solutions overal [72].
In addition, the ontology behind IPIM places constraints on
groups, dthoughit aso alowsthe modeling to be easily adapted
to different specialties, such as cardiology. The accessibility of
the IPIJM tool means that it can become a valuable boundary
object [73,74], for discussions between multidisciplinary teams
of stakeholders. For instance, |PIM enables ideas to be shared,
interrogated, and visually externalized at both individual and
group levels [56]. The use of mediums such as post-it notes
means that the template is easy to use and modify as well.

Compared with other mapping tools, |PIM offersthe possibility
to focus on the comparison between the asisand to be versions
of the pathway under study—this is a significant advantage in

Textbox 2. Strengths of Integrated Peatient Journey Mapping.
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projects that pursue specific improvement targets. Its reliance
on a visual grammar that does not require pre-existing
knowledge (unlike other systems analysis and design
approaches, such as Data Flow Diagrams or Value Stream
M apping, which require substantial training before participants
can use them meaningfully) is also an advantage. The
comparison with other techniques, such as Patient Journey
Model architecture (PaJMa), the method proposed by Percival
and McGregor [48], for instance, shows that IPIM manages to
accumulate and represent asimilarly broad variety of knowledge
but with greater economy and without passing on the complexity
of tasks and process steps onto the participants in the design
process or, generally, onto the readers of the documentation.
Both PalMaand IPIM offer improvements over other mapping
tools by alowing analyststo consider a much broader range of
knowledge, but the use of personasin IPJM delivers a sharper
focus on human aspects, such as the human experience, of
patients, which is fundamental for connected health solutions
that entail a context of use where patients are alone when using
apps. In contrast to PalMa, IPIM is likely to be more user
friendly and moreflexiblein the case of first-time digitalization
of medical pathwaysthat involve mobile componentsthat either
patients or clinicians will use remotely.

IPIM can be used as a cornerstone for modeling health care
service reform where stakeholders collaborate to derive an
understanding of and commitment to requirements [75,76].
Textbox 2 summarizes the benefits inherent in the use of IPIM
identified in its use during the LEANBH project.

. Embeds pillars of quality: considersclinical effectiveness, patient safety, and patient experience in tandem

«  Externalizes knowledge: allows stakeholders to externalize their domain knowledge and build a shared understanding

. Stimulates creativity: facilitates dialog between different stakeholders around devel oping creative solutions

« Accessible: easy for multidisciplinary stakeholders to understand, use, and modify

« Adaptable: can be adapted to the requirements of different contexts and specialties

«  Emancipatory: facilitates the alteration of medical pathways and the development of solutions for addressing their shortcomings

«  Educational: acts as a platform for communicating proposed changes, their impacts, and the intentions and ambitions of the teams

Beyond the benefitsidentified in Textbox 2, we argue that | PIM
can boost team cohesion during the execution of novel design
projects. Existing literature suggests that team cohesion is
essentia to the performance of teams consisting of individuals
from diverse organi zational and geographical backgrounds[77].
Team cohesion can be defined as the extent to which team
membersare aligned in their shared understanding of and shared
commitment to project tasks, for example, the actions that
individuals and groups seek to perform based on agreed plans
[78,79]. Shared understanding involvesasocia processwhereby
the divergent knowledge of individuas is transformed to
generate collaborative knowledge building [75,80]. Shared
understanding isrequired to explore design spaces and overcome
siloed thinking through the combination of existing knowledge
in new ways. Meanwhile, shared commitment goes beyond
shared understanding alone and requires team members to
commit time, effort, and resources in line with proposals that
have gained shared understanding [76,81].
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Shared understanding and shared commitment are crucial to the
success of projects involving stakeholders from different
organizational and disciplinary backgrounds[54]. In the absence
of both shared understanding and shared commitment, the
perspectives and intentions of team members can become
increasingly fragmented, asindividuals may not even be aware
of theintricacies of the issues around which they disagree[76].
IPIM providesteam memberswith the opportunity to challenge
assumptions embedded in prebaked project proposals and
contribute diverse knowledge around the design of I T solutions.
This helps ensure that design efforts promote both a shared
understanding of users diverse needs and capabilities and a
shared commitment to the delivery of solutions that cater to
these needs. However, during the LEANBH project, not al
group memberswere equally committed to leveraging thetools
and to journey maps for modeling the problem domain and
gathering requirements. This is a key concern as there is a
possibility of alink between the involvement of stakeholders
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during the modeling process and their understanding of and
engagement with the project overall. Therefore, future versions
of the modeling tool need to consider how best to engage
practitionersfrom different backgrounds so that the entire team
rally around the journey maps and their validation.

Conclusions

The health care sector is currently facing the monumental
challenge of minimizing the costs associated with health care
delivery while simultaneously improving quality. Connected
health solutions can play a significant role in meeting this
challenge by transferring health care delivery to the least
expensive setting (ie, a patient’s home) in away that does not
compromise quality. However, the successful design of
connected health solutions is far from a straightforward task,
and the success hinges on a quality-centric approach being
embodied during every step of the development lifecycle. At
this point in time, health care systems around the world are
seriously affected by their reliance on a one-to-one mode of
care delivery, where patients often wait for weeks and months
to see overstretched specialists. Crucially, connected health
apps can allow clinicians to better care for more patients by
giving them more frequent attention in a remote fashion and
without the need for face-to-face visitsfar more effectively [8].

It is here that the use of design tools such as IPIM can offer
significant value. This paper contributestheoretical and practical
insights into how visualization tools can be used to embed the
pillars of health care quality in the design of connected health
solutions. For instance, case study findings suggest that |PIM
can provide multidisciplinary teamswith acanvasfor designing
connected health solutions tripartite goals of clinical
effectiveness, patient safety, and patient experience. In
particular, IPIM can help ensure that patient experienceisgiven
ample consideration when designing health care services, in
tandem with more traditional concerns such as resource
efficiency, waiting times, financial costs, and treatment efficacy.
In particular, IPIM can help bridge the gap, which is often
identified too late between the intended use of apps and the
observed system-in-use postimplementation. Such gaps often
lead to the occurrence of silent errors and require the compl ete
rethinking of apps and devices at considerable expensein time
and money, both of which arein short supply in the health care
sector [82].

Limitations and Future Research

However, IPIM is not without some limitations. For instance,
IPIM does not make explicit reference to key performance
indicators, such as throughput and waiting times, or other
metrics, such as productivity and cost-efficiency, although these
may be essential elements of the performance and success of
the services being designed. This clearly appliesto the scenario
of a connected health solution being implemented to increase
the throughput of a medical pathway, to deliver cost savings,
and to improve visibility on patients' conditions. Although
incorporating this element in the tool would be useful, thereis
also arisk that increasing the level of detail may compromise
the overall accessibility and reliability of the maps. Asaresult,
it may be difficult to capture some of the inherent complexity
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in health care systems, that is, when apatient istransferred from
a hospital during treatment. On the other hand, the tool can be
adapted according to the unique context in which it isto be used
to address any key elements that are missing. Its use within the
context of specific pathologies and medical specialties has the
potential to rapidly bring medical teams up a steep learning
curve toward devel oping connected health care apps.

Specifically, in the case of our research, we encountered other
limitations, athough it may be unclear whether these were
circumstantia or if they werelikely to also occur in other cases
and settings. We found it difficult at timesto secure participation
from certain groupings in some meetings. For example,
clinicians sometimes found it difficult to commit time to use
IPJM, asthey felt they were too busy and that the journey maps
were for the development team rather than for themselves.
Resolving these misconceptionsis essential to producing maps
that are accurate and robust in the face of real-life scenarios.

Future research may also seek to develop a more interactive
version of IPIJM to provide a more accessible view of the
patient’s journey. IPIM currently requires a large physical
display to ensure that all components are visible and legible.
During the project, we experimented with different display
dimensions and orientations before deciding on an A2 portrait
format. However, it may be necessary to consider whether
certain elements need to be reorganized so that the tool can be
displayed more easily across a variety of media and spatial
dimensions. A software program that would allow usersto drill
down into subpathways and map components more effectively
could also be auseful extension.

Clearly, there are cognitive and presentational limitations that
apply to the mapping of macroservices, for instance, a national
or even transnational architecture for managing a certain
pathology or group of patients with dedicated needs. Although
the mapping of such a broad pathway might be desirable or
even essential as acommunication tool for reaching acommon
agreement, evidently difficulties will arise when attempting to
compile such a map where the need to be holistic and
comprehensive might be traded off against the necessity for
visual representationsto remain comprehensible by most people
and therefore useful. Setting some boundariesthat accommodate
both the need to capture the whole system as well as some of
its key components will be useful, although our research does
not provide clear avenues pertaining to how this may be
achieved. Weick [83] characterized the Bonini paradox (by
reference to Charles Bonini and his work on simulation,
publishedin 1963 [84]) asillustrative of situationswhere models
were proposed that were so complex in and of themselves that
it was no easier to understand them than it was to understand
thereal world asobservation could revesl it. We can hypothesize
that the Bonini paradox applies to journey maps and that die
hard attempts to capture a world without any ontological
boundaries would only yield theoreticaly excellent but
practically useless representations that would hamper design
efforts rather than help. The need for ontological boundaries,
such as those provided by the IPIM tool, is much needed and
isunderresearched. Future research on thistopic should explore
this new dimension.
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Abstract

Engaging patientsin their treatment and making them experts of their condition has been identified asahigh priority across many
medical disciplines. Patient empowerment claimsto improve compliance, patient safety, and disease outcome. Patient empowerment
may help the patient in shared decision making and in becoming an informed partner of the health care professional. We consider
patient empowerment to be in jeopardy if written medical information for patients is too complex and confusing. We introduce
document-engineering methodology (DEM) as a new tool for the health care industry. DEM tries to implement principles of
cognitive science and neuroscience-based concepts of reading and comprehension. It follows the most recent document design
techniques. DEM has been used in the aviation, mining, and oil industries. In these very industries, DEM wasintegrated toimprove
user performance, prevent harm, and increase safety. We postulate that DEM, applied to written documents in health care, will
help patients to quickly navigate through complex written information and thereby enable them to better comprehend the essence
of the medical information. DEM aims to empower the patient and help start an informed conversation with their health care
professional. The ultimate goals of DEM areto increase adherence and compliance, leading to improved outcomes. Our approach
isinnovative, aswe apply our learning from other industriesto health care; we call this cross-industry innovation. In this manuscript,
we provide illustrative examples of DEM in three frequent clinical scenarios. (1) explaining a complex diagnosis for the first
time, (2) understanding medical leaflet information, and (3) exploring cannabis-based medicine. There is an urgent need to test
DEM in larger clinical cohorts and for careful proof-of-concept studies, regarding patient and stakeholder engagement, to be
conducted.

(JMIR Hum Factors 2020;7(3):€19196) doi:10.2196/19196

KEYWORDS

document design; 1-pager; empowerment; patient engagement; cognitive science; health care; cross-industry thinking; malpractice
in health care; written information

: field. Leading the way are the vast resources of medical
Setting the Scene information available on the web, Paradoxically, the described
The only thing more expensive than education is scenario can be overwhelming for the individual patient who
ignorance. [Benjamin Franklin] finds it hard to navigate an increasingly complex health care
system and make the right choices. In this manuscript, we
postulate that there is a rea need for well-designed and
easy-to-understand written medical information to get patients

Fortunately, modern medicine in the second millennium
provides people in need of health care a constantly growing
range of options, both in the diagnostic field and in the trestment
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engaged, informed, and ultimately empowered to positively
impact their own disease outcomes.

Active engagement of patients and patient-centered care have
been recognized for decades as priorities [1,2]; it has been
suggested more specifically to enlist patients and families as
allies in designing, implementing, and evaluating health care
systems [1]. These concepts, driven by the vision to make the
patient the expert, resulted in shared decision making, improved
compliance, and improved adherence to medication [3].
Encouraging patient participation and self-management hel ped
patients to gain control over their medical conditions and
ultimately feel empowered [4,5]. How best to engage patients,
doctors, and other stakeholders in designing comparative
effectiveness studies has become an extensive field of research
[6-8]. There is an ongoing need to investigate the dividends of
engaged research and how to evaluate these effects[9].

Degspite all these efforts, medical mistakes and malpractice still
occur on alarge scale. In North America, the number of people
dying in hospitals as a result of malpractice and adverse drug
events exceeds the number of deaths asaresult of car accidents
[1Q]. In a semina paper almost 20 years ago—No Toyotas in
health care: Why medical care has not evolved to meet patients

Pohlmann-Eden & Eden

needs—the missing “business case of quality” in health care
wascriticized [11]. Meanwhile, many health care organizations
adopted the Toyota Production System as the performance
improvement approach, often called the LEAN health care
management system [12]. The LEAN improvement process
focuses on defining value from the patient point of view,
mapping value streams, and eliminating waste in an attempt to
create continuous flow [12]. These attempts arein line with the
extensive quality improvement movement, which aimsfor better
patient and population outcomes, better professional
devel opment, and better system performance[13]. Surprisingly,
the scope of insufficiently written documents for malpractice
in health care has never been systematically assessed in an
epidemiological study. This finding is an interim result of an
ongoing, not-yet-published, PhD research project at the
University of Heidelberg, Germany, under supervision of the
main author (BP). Thisis surprising, as written documents are
used routinely at multiple intersections of an individually
complex health care delivery process. These intersections
include referral letters, information brochures about diseases,
product information, consent forms, procedure guidelines, and
treatment protocols (see Figure 1).

Figure 1. There are multiple steps in the successful delivery of health care with critical phases, where clearly written and easy-to-understand

communication documents are key.
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Thisisalsoin contrast to thefact that health literacy—the ability
to read, write, and understand—has been recognized as an
important milestone of the empowerment learning process for
patients [14]. Health literacy allows the patients to perform
knowledge-based literacy tasksin order to acquire, understand,
and use health information for making their own health-related
decisions. It has been postulated that these skills—applied in
various environments, such as a home, community, or health
clinic setting—will help theinformed patient to prevent medical
mistakes and increase their safety [15].

Lack of health literacy with subsequent misinterpretation of
written material isstill acurrent concern. Inthe European Health
Literacy Survey, 1in 2 (47%) out of 8000 participantsin eight
different European countries had limited (ie, insufficient or
problematic) health literacy [16]. Several studies confirmed that
lack of health literacy has significant impact on safety,
specifically on desired patient health outcomes. These include
higher rates of medication errors asaresult of misinterpretations
of prescription drug label instructions [17], reduced patient
recollection and understanding of informed consent [18],
decreased cancer screening and immunization rates, and, finally,
more emergency department use [19]. Furthermore, avery recent
systematic review evaluated the readability of online health
information in the United States and Canada: based on 3743
references, 157 cross-sectional studies, and 13 different scales,
the mean readability grade level was by far too difficult to
comprehend for the targeted audience. It ranged from grades
10to 15, while agrade 6 reading level for the general publicis
recommended [20].

In the following section of this paper, we will introduce
document-engineering methodology (DEM) for designing
medical information. The idea of DEM comes from industries
such as aviation and oil, which proposed that DEM will help
usersto prevent errors, measurably reducerisk for injuries, and,
overal, increase safety by designing an easy-to-read document
[21]. In aninnovative approach, we introduce DEM for thefirst
time to the medical field.

Document-Engineering Methodology: A
Cognitive Science—Based Approach?

It has been well known for more than 100 years that the brain
isnot perfect at all; it naturally produces errors whilereceiving,
selecting, and processing information. We will provide two
famous examples from cognitive neuropsychology and
behavioral science.

In 1907, the Hungarian neurologist and psychiatrist Balint wrote,
“Itisawell-known phenomenon that we do not notice anything
happening in our surroundings while being absorbed in the
inspection of something; focusing our attention on a certain
object may happen to such an extent that we cannot perceive
other objects placed in the peripheral parts of our visual field,
although the light rays they emit arrive completely at the visual
sphere of the cerebral cortex” [22].

The natural limitation of the brain to process and identify all
visual information at the same time was further supported by
the behavioral experiment of Simons and Chabris[23]. In their
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Pohlmann-Eden & Eden

seminal paper, the authors describe an experiment in which a
dancing gorilla was entirely missed on a video by observers
when they were told to strictly focus on ball contacts of two
teams of basketball players playing in front of the dancing
gorilla. This phenomenon was subsequently called “inattentional
blindness.”

Document design as anew research field integrated these basic
insights of the brain processing visual information and added
several other components. Karen Schriver, an early scientist in
technical writing, pioneered this approach. Her groundbreaking,
extensiveresearch is summarized in the comprehensive textbook
Dynamicsin Document Design: Creating Text for Readers[24].
Her insights about writing, reading, and visualizing documents
defined the art of document design. The author emphasizes the
importance of typography and space to improve readability and
communication. Well-known principles of Gestalt psychology
(ie, closure, symmetry, asymmetry, proximity, similarity,
continuity, grouping, hierarchy, and balance) are implemented
in the framework of document design [24].

Document design, with the main question on how we process
and read written information, has been influenced by a
multidisciplinary field of research. It spans over four decades
and ranges from the classic psychological theory of reading by
Just and Carpenter [25] to studying neuronal networks and
circuits via advanced magnetic resonance imaging techniques
while reading. The focus of this research was on visualization
of subtle sequential processing steps within the brain while
reading [26,27]. Other studies addressed therole of eyetracking
for scanning and skimming written information, an issue that
gets even more important in a fast-paced modern world using
short messages for information dissemination on smartphones
and other portable devices[28].

More recent research focuses on the user perspectiveinindustry
and how the user processes and reads procedural instructions
[29]. The author suggests that the user consults a document in
an interactive way rather than reading it in alinear manner [29].
Document design factors based on cognitive neuropsychology
are introduced to allow reading with understanding, action
planning, carrying out specific actions, and executive control
activities [29]. These document design characteristics include
a chronological or modular organization of the text, clear and
precise headings, and using textual instructions where the word
order strictly corresponds with the required action, question, or
task to fulfil [29]. Design rules and design models based on
cognitive and perceptual science have been proposed to further
support engineering methods for interactive system design [30].

These approaches are in line with our recently proposed model
[31] that readers (of books) and users (of written information)
have different mindsets (see Figure 2 [31]). While the mindset
of readers is driven by curiosity (ie, seeks reading for
entertainment), users want to have immediate answers to their
guestions, often with a sense of urgency. Users need to be able
to quickly navigate written information and need to be enabled
to perform a specific action [31]. Recognizing the different
mindsets between areader and auser has enormousimplications
for designing a document.
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Figure 2. Two mindsets of processing and perceiving written information: readers reading versus users reading [31].
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The original term document engineering comes from the
software and hardware computer industry [32]. In its strictest
sense, it isadocument-centric synthesis of complementary ideas
from information and systems analysis, electronic publishing,
business process analysis, and businessinformatics. It attempts
to unify these different analysis and modeling perspectives and
helps to specify, design, and implement documents and the
processes that create and consume them [32].

The way we will use the term document engineering is quite
different from the original description. We define DEM as an
innovative  subspecialty methodology of  document
design-implementing principles of cognitive science and
neuroscience. The engineering part in our approach to DEM
refers to our process of putting parts together of the outlined
frameworks required to process written information in the most
effective way [24-29]. Applying this current scientific
knowledge, we hypothesize that DEM will enable the user, in
our case the patient, to easily read and understand written
information and to perform actions and tasks quickly, safely,
and efficiently.

Several industries outside of health care have used DEM in
order to improve user performance, prevent harm, and increase
safety. Proof-of-concept research studies are unfortunately
missing. The biggest lessons learned come from the aviation
industry, where safety is the number one priority and
difficult-to-read, user-unfriendly information has repeatedly
caused fatal and avoidable incidents [33].

Corporate psychology in the oil and gasindustry has also applied
this behavioral science—based methodology to help the brain
navigate more easily through complex document-based

http://humanfactors.jmir.org/2020/3/€19196/

information, such as procedura instructions. However, the
statement “ The user is enabled to take the right action fast and
efficiently with measurably reduced risk of harm, hereby
increasing safety” [21] still needs reconfirmation through
practical research-based trials.

DEM-1-Pager to Ease Communication in
Health Care

We suggest use of the DEM in health care. It is an opportunity
to further establish the methodology and to test its added value
in controlled trials. We provide three illustrative examples for
potential use of aDEM-1-pager. Inal three proposed examples,
we produced an easy-to-read, single-page document, following
DEM. The two authors of this paper pioneered and introduced
the concept of DEM-1-pagersto health care only recently [31].
We use this as our first example in this manuscript.

As our target group, we chose people with a complex brain
disease called psychogenic nonepileptic seizures (PNES). We
sensed the suffering and the confusion of the people affected
by PNES aswetalked with them. They expressed, in particular,
their frustration regarding insufficiently easy-to-understand
learning material about their condition when communicating
with their health care providers. People with PNES struggle
with several challenges [34]. They face the overwhelming
complexity of their disorder, they do not understand the
underlying causes and prognosis, they recognize the lack of
education around all stakeholders, they experience lots of
obstacles and barriers in the health care system, and, most
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importantly, they are ill- informed right from start of their
diagnosis of PNES [31,34].

Our way out of this dilemma was to produce a new
communication tool in close collaboration with PNES patients:
a DEM-1-pager. Our DEM-1-pager is content engineered for
users—it is not written for readers.

We used auser-friendly, promise-question-answer (PQA) format
asintroduced in the oil and mining industry through corporate
psychologists [21]; BP, one of the authors, is certified for this
methodology. The PQA table is a basic framework with a
heading and two columns; it consists of a promise presenting
as the heading of the document (ie, the overriding topic the
reader can expect). Organized on the left side of the document
in a separate column are the most relevant questions. On the
right side of the document are the answers strictly addressing
the questions in simple terms.

We controlled for easy comprehension and readability by using
a low Flesch-Kincaid reading level of seven [35]. The
Flesch-Kincaid grade level is calculated by using a statistical
program and the Flesch-Kincaid Grade Level Formula. The
complex formula considers the number of words and syllables
within a sentence. It measures the simplicity of writing and is
widely used by teachers, librarians, educators, and others to
assessthereadability level of written text. We further embedded
document design techniques from behavioral and Gestalt
psychology [24,30]. The most important oneswere limiting the
guestions to list to a maximum of seven items [36],
implementing cognitive linking (ie, questions and answers
containing similar wording) [29], and using behavioral enforcers
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[29]. We are aware that the “magic number of seven’ has
initiated a controversial discussion among neuropsychologists,
it is also an excellent illustration for a frequent dilemma in
cognitive science—based experimental findings. A rather low
amount of research has followed on the numerical limit of
capacity in working memory [37,38].

The outlined design techniques will enable the patients to
navigate fast and efficiently through this document and quickly
find answers to their pressing questions. Our tool provides the
patient with the most important, essential information about
PNES, including the relevant obstacles from the health care
system. Our DEM-1-pager is not meant to replace available
comprehensive and often time-consuming information either
published on paper or online [39]; rather, it is meant to be
complementary to these valuable resources. Idedlly, it can be
used in the initial communication between PNES patients and
health care professionals.

We engaged agroup of PNES patients and cocreated with them
the DEM-1-pager using a design-thinking process with many
iterations [31]. We subsequently tested our DEM-1-pager in a
small focus group of PNES patients; it was found to be
beneficial in several domains. It also empowered patients to
make their own decisions [31]. Figure 3 [31] shows the final
version of a DEM-1-pager for PNES. The result is a poignant
DEM-1-pager without overwhel ming and confusing information.

Textbox 1 lists a range of other, randomly chosen, frequently
occurring, complex medical conditionsin which aDEM-1-pager
can be helpful and contribute to early patient engagement.
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Figure 3. Document-engineering methodol ogy (DEM)-1-pager for psychogenic nonepileptic seizures (PNES) (version 4); atool for early communication
of PNES created in a design-thinking process with patient engagement [31].

Understanding PNES, A Patient Guide

What does PNES
stand for?

What causes PNES?

How is PNES
diagnosed?

How is PNES treated?

What is critical to
assure a successful
therapy?

What improves the
prognosis?

What are the
challenges?

http://humanfactors.jmir.org/2020/3/e19196/

PMES is a medical acronym which stands for Psychogenic Non-Epileptic Seizure

The causes of PNES are multifold including psychological, social and medical
causes. The causes vary from person to person and can be difficult to be
identified. The condition is real, and people with PNES are not faking.

PMES is usually diagnosed by neurologists with expertise in epilepsy. PNES is
diagnosed by corroborating that the clinical symptoms during a seizure are not
explained by electrophysiclogical abnormalities on Video-EEG. There are
“positive clinical signs” which are highly characteristic for PNES.

A PNES treatment approach consists of several steps which include:
= (Careful explanation of the diagnosis
= Exploration of medical & psychosocial factors that are
predisposing and precipitating
= |nitiating evidence- and skills-based psychotherapy
= Regular follow-ups for outcome control

= PNES therapy typically involves a team of specialist clinicians who
understand this disorder

Several key events are critical to a successful therapy. Amongst them are:
s Accept the diagnosis
= Access to a health care professional with expertise in PNES treatment
= Establish and maintain a trust relationship with your care team
s Educate yourself about PNES — become an expert.

The prognosis is much better when treatment starts early and worse if delayed.
Unfortunately, data from large studies is lacking, and long-term prognosis is
poorly understood at this time.

The challenges for people with PNES are:

= PNES occur in patients who also experience ar have experienced
epileptic seizures
® Health professionals are still learning about PNES

= Health care systems do not consistently offer the multidisciplinary &
integrated care needed in PNES

= The network of specialists needs to be developed
= There is insufficient public awareness.

Further reading http://www.nonepilepticseizures.com
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Textbox 1. Examples of complex diseases in which a document-engineering methodology (DEM)-1-pager of information could be useful.

«  Psychogenic nonepileptic seizures
«  Autism spectrum disorder

«  Bipolar disorder

o Posttraumatic stress disorder

« Attention deficit hyperactivity disorder
«  Diabetes mellitus

o Colon cancer

o Parkinson disease

« Fibromyagia

«  Chronic fatigue syndrome

e Alzheimer disease

. Many more diseases

As a second example, we chose patient information leaflets.
Information leaflets are purposefully exhaustive and detailed
in order to meet all medico-legal requirements. Patients often
feel overwhelmed with the extent of written medical
information, find it useless, and even tend to throw it away [40].
Patient information leaflets often are extremely wordy and not
well designed and patients find it hard to navigate them. The
leaflets almost never have a grade 6 readability level asabasic
requirement. They often do not meet patients needs and appear
ineffective [41]. Patients cannot find the information they seek
or may be confronted with nonessential material, affecting
patients perceptions of the leaflets and willingnessto read them
[42]. Applying DEM principles to information leaflets will
hopefully reduce redundant words, improve format and design,
and take health literacy (ie, grade 6 readability) into account.

As stated earlier, we do not suggest replacing patient
information leaflets—we do see the necessity to present

http://humanfactors.jmir.org/2020/3/€19196/

medico-legal information in the most complete and
comprehensive way. However, we believe a complementary,
easy-to-read DEM-1-pager will enhance the willingness of the
patient to consider their suggested medication, for example.

We provide anillustration of this approach. The lead author of
this paper (BP) isaseizure expert and subject matter expert. He
applied DEM to a comprehensive, 18-page, official US Food
and Drug Administration (FDA) patient information |eaflet for
brivaracetam, a newly licensed medication for seizure control
[43]. Theresult isa DEM-1-pager (see Figure 4) that contains
all essentia information. The DEM-1-pager can help to start
an initial communication about brivaracetam. Readability of a
document encourages the patient to be compliant and become
an informed partner. The 18-page FDA information lesflet isa
critical complementary resource at any time.
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Figure 4. User-friendly, document-engineered methodology (DEM)-1-pager for the antiepileptic drug brivaracetam.

Brivlera (Brivaracetam)

What is Brivlera ?

How does Brivlera
work?

How is Brivlera
taken?

What is the
recommended
dosage of Brivlera?

What are typical
side effects of
Brivlera?

What are serious
side effects of
Brivliera?

When should | be
cautious before
using Brivlera?

Product Information in a Nutshell

Brivlera is a new medication, which effectively treats epileptic seizures. It is
named after the molecule Brivaracetam. It is currently licensed in Canada to
treat partial-onset seizures in the adults in combination with other antiseizure
drugs. It is marketed by the pharmaceutical company UCB.

Brivlera works via a unique mechanism, which is not yet fully understood.
It's mode of action is likely very different from most of other available
antiseizure drugs. |t suppresses seizures by stopping the seizure spread.

Brivlera can be taken as tablets of 10, 25, 50,75, and 100 mg,
as oral solution (10 mg/mL), and as injection (10 mg/mL)

The recommended starting dosage is 50mg twice a day in adults. Some
patients may need a slow increase and a starting dosage of 25 twice a day
with an observation period of one week before further increase.

The maximum daily dosage is twice a day 100mg.

Typical side effects of Brivlera are:
* Dizziness, nausea & vomiting, headache
*  Feeling tired or fatigue, sleepiness & drowsiness
*  Poor coordination & irritability

These side effects are often transient & disappear within the first few weeks

Serious side effects of Brivlera are:

*  Worsened emotional problems, thoughts of suicide or hurting yourself
This side effect is uncommon — Needs immediate medical attention

*  Allergic Reaction with swelling in the mouth, tongue, face and throat,
itching, or rash, bronchospasm and angioedema, difficulty swallowing
or breathing, wheezing, hives and generalized itching, fever,
abdominal cramps, chest discomfort or tightness.

This side effect is rare — Needs immediate medical attention

* Severe allergic skin reactions: all described above symptoms plus
peeling of the skin, blisters, body aches, or swollen glands, fever, chills.
This side effect is extremely rare = Needs immediate medical attention

I should be cautious before using Brivlera, when | had the following conditions:
*  Rash or any other skin reaction with other medications in the past
* Allergic reaction to lactose (Brivlera tablets contain lactose)
*  Depression, mood problems, suicidal thoughts, behavioral problems.
* Impaired liver or kidney function

I should be cautious when planning pregnancy as of lack of data with this drug

The third example shows a DEM-1-pager that we purposely
developed for an extremely controversial uncharted territory:
the new field of medical cannabis-based medicine (CBM).
Though cannabis has been employed medicinally for morethan
two millennia, its recent legal prohibition, biochemical
complexity and variability, quality control issues, previous
dearth of appropriately powered randomized controlled trials,
and lack of pertinent education have conspired to leave clinicians
inthe dark asto how to advise patients pursuing such treatment

http://humanfactors.jmir.org/2020/3/€19196/

RenderX

[44]. The use of CBM is dtill stigmatized, and health care
providers are often reluctant to prescribe it. Thisisin contrast
with the promising potential of CBM for multipledisordersand
established clinical indications, such as epilepsy and pain [45].

The main author of this paper (BP) and other subject matter
expertsidentified CBM as an ideal application for the use of a
DEM-1-pager. Patients who seek treatment for chronic pain,
one of the most accepted and evidence-based indications for
CBM, want basic information about how CBM works. They
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are often desperate and seek knowledge through dialogue with
their health care providers. These patients often encounter
difficultiesin finding answers to their most burning questions.
They are confused and need navigation. Patients want to know
how CBM might help them, information about side effects, how
CBM can be consumed, how CBM is prescribed, which
challenges they may face in the health care system, and so on.

Pohlmann-Eden & Eden

Figure 5 shows a proposal of an easy-to-read DEM-1-pager
addressing this patient problem. This document was created in
adesign-thinking process together with subject matter experts.
It aims to help patients to easily find answers for their most
relevant above-mentioned questions. This DEM-1-pager is a
perfect start for afirst dialogue between health care providers
and patients on the topic of CBM. It is not meant to replace

other valuable comprehensive resources.

Figure5. Proposed document-engineering methodology (DEM)-1-pager for patients interested in medical cannabis.

Medical Cannabis First Introduction for Patients

Can cannabis ease my
symptoms?

Cannabis can ease your symptoms depending on a number of factors including
your underlying medical condition. Cannabis has been used successfully in
medicine since ancient times to treat a variety of symptoms. More recent studies
have shown that cannabis can ease spasticity related to multiple sclerosis,
chemotherapy-induced nausea and vomiting, chronic neuropathic pain and
seizures in rare forms of childhood epilepsy.

How does cannabis
work?

Cannabis works through multiple pathways. It has more than 500 compounds. The
best studied are the cannabinoids THC (tetrahydrocannabinol) & CBD
(cannabidiol). A chemical process via heating (decarboxylation) is needed to unfold
the therapeutic benefits. THC & CBD modulate a complex system in the body called
the “endocannabinoid system” (ECS). The ECS is found mainly in the brain and the
immune system. THC & CBD work through two main “receptors”, CB1 and CB2,
however impact many other functions and receptors.

Which common side
effects can | expect?

You can expect the following common side effects: drowsiness, dizziness, anxiety,
nausea, dry mouth, euphoria (THC only), and diarrhea if taking cannabis oil. Side
effects tend to be mild and dose dependent. The more you take the more likely
you are to experience a side effect. Side effects are usually reversible.

This is not a full list of all possible side effects. Very rarely, THC can lead to
psychosis in susceptible individuals.

How can |
consume medical

You can consume medical cannabis in a variety of ways. Taking cannabis orally via
an oil or a capsule has the highest dosing accuracy. You can choose between THC-
dominant and CBD-dominant, or balanced products with roughly equal amounts of
THC and CBD. Other, safer ways to consume cannabis include skin cream or
ointment and as a suppository.

cannabis?

How is the dosage? The dosage is dependent on you individually as well as the prescribed compound:
* THC starting with 2.5mg on day 1 to a maximum of 20mg/day
e  (BD starting with 3-5Smg on day 1 to a maximum of 200mg/day

e The rule of thumb is to start with a low dose and slowly increase it over
days and weeks to find your optimal dose.

How do | get
medical cannabis?

You get medical cannabis in a relatively straight forward two-step process.

*  You first need to get a Medical Document (like a prescription for cannabis)
from a physician or nurse practitioner

* Youthen need to register for an account with a Licensed Producer to be
enabled to order your medicine.

What are the The challenges of treatment with medical cannabis are:
challenges of .
treatment with

medical cannabis?

Health care professionals are still learning about medical cannabis
e Medical cannabis is still stigmatized and prescribers are often reluctant
e  Further clinical trials are needed to confirm the value of medical cannabis

http://humanfactors.jmir.org/2020/3/€19196/

XSL-FO

RenderX

JMIR Hum Factors 2020 | vol. 7 | iss. 3 [€19196 | p.64
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

There are several limitations of the three provided examples of
DEM-1-pagers. Only the first example, deaing with
psychogenic nonepileptic patients [31], actively involved
patients and health care professionals. This allowed a critical
design-thinking process with reiterative feedback from users.
The second and third exampleslacked this process and still have
to undergo testing in afocus group or in specific target groups.
Some of the written content could certainly be replaced by
colorful imagesto ease reading and understanding [29]. Active
involvement of patients in designing these images is another
intriguing opportunity for further templates.

We aso see potentia risks in using the presented
DEM-1-pagers. They will always be simplifications of complex
medical information. This goesaong with therisk of likely not
covering al individually highly relevant aspects. The patient
may not seek out the more detail ed complementary information,
even when encouraged. This could harm the patient. It is,
therefore, critical that the health care professional alwaysexplain
the limitations of thistool to the patient.

Conclusions

Our paper encourages the consideration of DEM-1-pagers in
severd health care delivery environmentswhere written medical
information is relevant, complex, and widely used (see Figure
1), such asreferral documents, consent forms, and instructions
for treatment procedures, to name afew.

We anticipate that DEM-1-pagers will help health care
professionals to initiate and strengthen the dialogue between
the health care professional and the patient, helping to build
trust. This can lead to empowerment on both ends. A
DEM-1-pager is conceptualized to be a first step to explain
essential information, followed by a more sophisticated and
detailed discussion on the subject later on. We hypothesize that

Conflictsof Interest
None declared.

References

Pohlmann-Eden & Eden

DEM-1-pagerswill help toimprove patient guidance, empower
the patient, and, ultimately, contribute to better outcomes.

We foresee awide range of potential applicationsin the health
careindustry. We are fully aware of the limitations of our pilot
data. Strong evidenceistill lacking. Larger test studieswill be
needed to further validate DEM-1-pagers in various clinical
scenarios. We, therefore, fully agree with arecent research paper
mapping hypothesized impacts to suggested and assessed
measures of patient, public, and stakehol der engagement. Their
careful assessment confirmed lack of evidence underlying much
of the impetus behind the practice of patient and stakeholder
engagement in research, based on anayzing peer-reviewed
literature using PubMed and Psycl NFO databases from January
2005 to May 2013 [9].

We are also aware that we could not address all aspects of the
impact of DEM in health care. It is, for example, beyond the
scope of this paper to outline the health-economic and
medico-legal aspectsof patient and user empowerment by means
of DEM-1-pager-designed documents. We also did not address
the health-rel ated preventive nature of well-written information;
for example, poorly written child safety seat installation
instructions have been found to be potentially harmful [46].

The main purpose of our paper is to encourage health care
professionals to think in new ways about written medical
documentsfor patients. Thelessonsfrom other industries about
the usability of documents are intriguing. Cross-industry
thinking carriesatreasure of opportunitiesand will also facilitate
breakthrough product innovation [47]. Safety is at stake if we
do not open up to accept well-recognized and researched
performance measures in these very industries. Health care is
certainly still far behind in producing well-designed and
user-friendly documents. DEM is a first step in this new
uncharted territory.
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Abstract

Background: Asaresult of an aging population, there has been an increasing incidence of hip fractures worldwide. In the
Netherlands, in order to improve the quality of carefor elderly patientswith hip fractures, the multidisciplinary Centrefor Geriatric
Traumatology was established in 2008 at the Department of Trauma Surgery at Ziekenhuisgroep Twente hospital (located in
Almelo and Hengelo in the Netherlands).

Objective:  Though the Dutch Hip Fracture audit is used to monitor the quality of care for patients with fractures of the hip,
only 30.7% of patients complete registration in the 3-month follow-up period. Mobile apps offer an opportunity for improvement
in this area. The aim of this study was to investigate the usability and acceptance of a mobile app for gathering indicators of
quality of care in a3-month follow-up period after postoperative trestment of hip fracture.

Methods: From July 2017 to December 2017, patients who underwent surgical treatment for hip fracture were recruited. Patients
and caregivers, who were collectively considered the participant cohort, were asked to downl oad the app and answer aquestionnaire.
Participants were divided into two groups—those who downloaded the app and those who did not download the app. A telephone
interview that was based upon the Unified Theory of Acceptance and Use of Technology was conducted with asubset of participants
from each group (1:1 ratio). This study was designated as not being subject to the Dutch Medical Research Involving Human
Subjects Act according to the appropriate medical research ethics committees.

Results:  Of the patients and caregivers who participated, 26.4% (29/110) downloaded the app, whereas 73.6% (81/110) did
not. Telephoneinterviewswith the subset of participants (n=24 per group) reveal ed that 54.0% (13/24) of the group of participants
who did not download the app had forgotten the study. Among the group who downl oaded the app, 95.8% (23/24) had theintention
of completing the questionnaire, but only 4.2% (1/24) did so. The reasonsfor not completing the questionnaire included technical
problems, cognitive disorders, or patient dependency on caregivers. Most participants in the group who downloaded the app
self-reported a high level of expertise in using a smartphone (22/24, 91.7%), and sufficient facilitating conditions for using a
smartphone were self-reported in both groups (downloaded the app: 23/24, 95.8%; did not download the app: 21/24, 87.5%),
suggesting that these factors were not barriers to completion.

Conclusions: Despite self-reported intention to use the app, smartphone expertise, and sufficient facilitating conditions for
smartphone use, implementation of the mobile app was infeasible for daily practice. This was due to a combination of technical
problems, factors related to theimplementation process, and the population of interest having cognitive disorders or adependency
on caregivers for mobile technology.

(IMIR Hum Factors 2020;7(3):€16989) doi:10.2196/16989
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Introduction

Asaresult of an aging population, the global incidence of hip
fractures has been increasing with an estimated 6.25 million
per year expected by 2050 [1,2]. In the Netherlands, 19,000
patientswith hip fracturesaretreated annually [3,4]. To improve
the quality of carefor elderly patients with fractures of the hip,
the multidisciplinary Centre for Geriatric Traumatology was
established in 2008 at the Department of Trauma Surgery at
Ziekenhuisgroep Twente hospital (located in Almelo and
Hengelo in the Netherlands). Approximately 300 hip fracture
patients are treated annually in this center [4]. To improve the
quality of care among patients with fractures of the hip
nationwide, the Dutch Hip Fracture Audit was established in
2016. The Dutch Hip Fracture Audit [5] monitors quality of
care using indicators for quality of hospital stay, 3-month
functional outcome, and 1-year mortality. Some of these quality
indicators have been formulated by the Health and Youth Care
Inspectorate and are mandatory; living situation of the patient,
prefracture mobility score, and the Katz Index of Independence
in Activitiesof Daily Living score are currently gathered during
scheduled 3-month follow-up visits to the outpatient clinic.

The proportion of patients who register to provide information
regarding functional recovery ispoor; only 30.7% of Dutch Hip
Fracture Audit registrations are completed [5]. Due to age or
health-related factors, patients do not visit the outpatient clinic
for their scheduled 3-month follow-up. Poor registration may
result in asuboptimal monitoring of quality of care. In contrast,
the 3-month registration was compl eted by 89.0% of the patients
inthe Centrefor Geriatric Traumatology. Thishigher percentage
was achieved by using an active telephone approach for patients
who missed or canceled their outpatient appointments; however,
the active approach was time consuming and inefficient. Mobile
apps may offer an opportunity for improvement. Mobile app
use to remotely monitor patients who have a low risk of
postoperative complications has been investigated in multiple
studies [6-10] which have concluded that mobile apps were
useful for following up with patients who had a low risk of
postoperative complication and with patients from 18 to 82
years of age who had undergone day-procedures. To our
knowledge, no studies have investigated the use of maobile apps
for the follow-up of patients with fractures of the hip.

There has been ongoing worldwide interest in home
telemonitoring to support the health and vitality of the
community-dwelling elderly population which has led to
promising strategies for improving heath care and health
management [11-13]. Despite interest in the use of home
telemonitoring, the literature mostly consists of pilot or
feasibility studies. Real-world use and acceptance of home
telemonitoring in daily care in older patient populations have
mainly been studied in patients with chronic heart failure and
have shown high acceptance of the technology using a12-month
survey [14,15]. In order to further optimize mobile app use

https://humanfactors.jmir.org/2020/3/€16989

among the elderly, asupportive theoretical framework has been
recommended for iterative design of app implementation and
evaluation [16]. These recommendations encompass
multidisciplinary approaches, focus on end-user ease of use,
and suggest starting with usability and feasibility testing in
simulation environments [16-18]. In addition, during
implementation, variation in levels of interest and technol ogical
literacy should be taken into consideration, especially among
older adults [16].

The primary goal of this study wasto investigate the real-world
use of a mobile app for monitoring postoperative functional
recovery after hip fracture. The secondary goalswereto analyze
mobile app usability and acceptance among elderly patientsand
their caregivers. Usability and acceptance were considered to
facilitate conditions for use, but were not presumed to lead
automatically to use.

Methods

App Development and | mplementation

The mobile app platform was developed by technical experts,
is currently used, and has previously been used in studies of
postoperative outcome with a high rate of use [1]. A
multidisciplinary team of health care professionals and technical
experts developed a proof-of-concept version of the app that
included specific adjustmentsfor an ol der population of patients.
A digital questionnaire consisting of indicators of quality of
care from the Dutch Hip Fracture Audit was developed to
remotely monitor postoperative functional outcome at 3 months.
This questionnaire was implemented in the mobile app, and the
technology was pretested with 2 patients with fractures of the
hip who had been chosen at random.

Participant Recruitment

Patients with a hip fracture who had undergone surgical
treatment between July 2017 and December 2017 at the Centre
for Geriatric Traumatology of the Department of Trauma
Surgery at Ziekenhuisgroep Twente hospital were recruited to
participate in the study and asked to download the app in
addition to their regular 3-month outpatient visit (the recruitment
process is summarized in Figure 1). The population of interest
consisted of older adults, among whom information and
communication technology literacy or low motivation to use
technology may be factors that hinder implementation of a
mobile app and which could suggest the need to focus on patient
spouses in addition to the patients themselves [19]. For the
purpose of this study, both patients and spouses who decided
to participate were considered participants. During admission
to the surgical ward of the Centre for Geriatric Traumatol ogy,
a nurse informed potential participants about the study, use of
the app, and how to download instructions for using the app.
After verbally providing informed consent, participants received
an information leaflet and provided their email address for
further information.
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Figure 1. Study design flowchart.

Hip fracture patients, surgically
treated at Centre for Geriatric
Traumatology (CvGT) at Ziekenhuis
Groep Twente [ZGT), between July
2017 and December 2017

Gegrds et d

Inclusion criteria

Dutch nationality
Patients or family

Caregiver are in posession
of a smartphone

phase

Exclusion criteria
- Maortality within the
follow-up pericd
- Pathological or
periprasthetic fractures

Study population (n=110)

Study information and
instructions:
- Dral information at

Application development and implementation

admission by nurse
- Information leaflet
- By mail

- 29 downloads

completad

Three months follow-up results:

- 1 application questionnaire

Download group (n=29)

Mo download group (n=E81)

UTAUT teleghone interview May
2018
- Download group (n=24)

phase

UTAUT telephone interdew May
2018
- Mo download group (n=24)

Application evaluation

One week |ater, participants received a code by mail to activate
the questionnaire in the downloaded app. Completion of the
guestionnaire was restricted to a period between 12 weeks and
18 weeks after their operation. A push notification with arequest
to complete the questionnaire was sent to the participant 12
weeks after they had been discharged from the hospital. A push
notification was al so sent to the health care provider at 17 weeks
for unfilled questionnaires.
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Completed questionnaireswere saved in OpenLine (aspecialized
health care hosting center) in accordance with Dutch legidlation
with respect to security standards. The local researcher applied
for the data from the hosting center. Participants were
anonymized and coded using a study number without any
reference to patient number or date of birth. Only the local
researcher had accessto the participant study numbers. All data
were treated confidentially and saved to the secured hospital
network with a password.
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Usability and Acceptance Questionnaire

Toinvestigate usability and participant acceptance of the mobile
app, an interview questionnaire was developed (Multimedia
Appendix 1) based upon the Unified Theory of Acceptanceand
Use of Technology [20]; the model investigates user intentions
and usage behavior in technology systems [20].

Two questions regarding participant recollection of theintended
purpose of the study and feedback on the use of the app were
added to theinterview. These questions were added because we
were interested in obtaining feedback on the app and on the
duration of the interval from when the information was given
(from July 2017 to December 2017) to when the telephone
interview took place (in May 2018). A single researcher
conducted all interviews. Participants were given the option to
stop the telephone interview at any time.

Data Collection

Datawere collected from the clinical charts of the patientswho
participated themsel ves or whose caregivers participated. Age,
gender, type of fracture, American Society of Anesthesiologists
physical classification status, Charlson Comorbidity Index [21],
dementia, prefracture Katz Index of Independencein Activities
of Daily Living score [22], prefracture mobility score, and
prefracture living situation were recorded as baseline
characteristics. In April 2018, the app usage data from the
hosting center were collected. Participants were divided into
two groups—those who downloaded the app (use group) and
those who did not download the app (nonuse group). Mobile
app usability and acceptance telephone interviews were
conducted with participantswho could be reached by telephone
within 3 attempts. The number of participants in both groups
was adjusted to the lowest number of participants accessible by
telephone of either group (use group, n=24); therefore, in the
nonuse group, 24 participants were selected randomly.
Participant answers were fully transcribed in individual and
anonymized Office Word (version 2007; Microsoft Inc)
documents and saved on a secure hospital server.

Data Analysis

Statistical analyses were performed using SPSS software
(version 22.0; IBM Corp). We used thematic analysis with a

https://humanfactors.jmir.org/2020/3/€16989

Gegrds et d

deductive theoretical approach to analyze the written answers
to therecalled purpose of the study and feedback questions[23].
Identification of patterns and themes within the data was
performed by one researcher, and a second researcher was
consulted to reach agreement; the data were then coded by
themes. Categorical data were analyzed using the chi-square
test or Fisher exact test when appropriate (ie, Fisher exact test
was used when frequency waslessthan 5). Functional outcomes
were analyzed using two-tailed paired t tests. Continuous data
were analyzed using two-tailed independent t tests. If significant
differenceswerefound in categorical variableswith two or more
subgroups, Pearson chi-square test was performed post hoc.
P<.05 was considered statistically significant.

Ethics

This study was been designated as an observational study not
subject to the Dutch Medica Research Involving Human
Subjects Act by the appropriate medical research ethics
committees.

Results

Patient Characteristics

Categorical variables are described as numbers with
corresponding percentages. Continuous variabl es are described
asthe mean with standard deviation, or for nonparametric data,
as the median with interquartile range.

Patient characteristics are shown in Table 1. Patients with
fractures of the hip (N=110) were amean age of 80.5 (SD 10.4)
years and were 71.8% (79/110) female and 28.2% (31/110)
male. No significant differenceswere found between those who
downloaded the app and those who did not download the app
for age (P=.21), gender (P>.999), type of fracture (P>.999),
American Society of Anesthesiologists physical classification
status (P>.999), Charlson Comorbidity Index (P>.999), dementia
(P=.05), prefracture Katz Index of Independence in Activities
of Daily Living score (P=.10), prefracture mobility score
(P=.10), and prefracture living situation (P=.73).
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Table 1. Baseline patient characteristics.
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Characteristics All (N=110) Downloaded app  Did not download Chi-square (df) or P value
(n=24) app (n=24) t test (df)
Age (years), mean (SD) 80.5(10.4) 82.0(8.7) 78.4(10.8) 1.28 (46) 21
Gender, n (%) 1.0(2) >.999
Male 31(282)  7(29.2) 7(29.2)
Female 79 (71.8) 17 (70.8) 17 (70.8)
Type of fracture, n (%) 0.595 (2) >.999
Neck of femur 64 (58.2) 13 (54.2) 14 (58.3)
Pertrochanteric 40 (36.4) 10(41.7) 10 (41.7)
Subtrochanteric 6 (5.5) 1(4.2 0(0.0)
ASA®physical status classification, n (%) 10 >.999
1-2 40 (36.4) 9(37.5) 9(37.5)
3-4 70 (63.6) 15 (62.5) 15 (62.5)
Charlson Comor bidity Index, n (%) 1.0(3) >.999
0-1 32(29.1) 7(29.2) 8(33.3)
2-3 13(11.8) 2(8.3) 3(12.5)
>4 6(5.4) 1(4.2) 0(0.0)
Unknown 59 (53.6) 14 (58.3) 13(54.2)
Dementia, n (%) 13(11.8) 0(0.0) 5(20.8) 0.06 (1) .05
Prefracture Katz ADLP score (out of 6), median (IQR) 10(2.0) 1.2(16) 22(23) - 10
Prefracture mobility score, n (%) 0.578 (4) .73
Freely mobile without aids 40 (36.4) 8(33.3) 6 (25.0)
Mobile outdoors with one aid 2(1.8) 1(4.2) 0(0.0)
Mobile outdoors with two aids or frame 30(27.3) 8(33.3) 7(29.2)
Some indoor mobility but never goes outside without 36 (32.7) 7(29.2) 10 (41.7)
help
No functional mobility (using lower limbs) 1(0.9) 0(0.0) 1(4.2)
Unknown 1(0.9) 0(0.0) 0(0.0)
Prefractureliving situation, n (%) 0.327 (2) .50
Independent 87 (79.1) 21(87.5) 19 (79.2)
Care home 7 (6.4) 2(8.3) 1(4.2
Nursing home 14 (12.7) 1(4.2) 4(16.7)
Protected housing 2(1.8) 0(0.0) 0(0.0)

8ASA: American Society of Anesthesiologists.
bKatz ADL: Katz Index of Independence in Activities of Daily Living.

App Use

Of the participants (29/110, 26.4%) who downloaded the mobile
app, only 1 (1/29, 3.4%) completed the app questionnaire.

Interviewed Participants

Characteristics

Participants characteristics of those who participated in the
telephone interviews are presented in Table 2. In the use group
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(the subset of the group who downloaded the app), 95.8%
(23/24) self-reported as expert level, and 87.5% (21/24)
participants in the nonuse group (the subset of the group who
did not download the app) self-reported as expert level. The
groups showed significantly differences for smartphone usage
of 5to 10 years (use: 0/24, 0.0%; nonuse: 8/24, 33.3%; P=.004)
and more than 10 years (use: 22/24, 91.7%; nonuse: 15/24,
62.5%; P=.02).
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Table 2. Comparison of baseline characteristics between the use (partici pants downloaded the app) and nonuse (participants did not download the app)

groups.
Variables Both groups (n=48)  Use (n=24) Nonuse (n=24) Chi-square (df) or t test (df) P value
Age (in years), mean (SD) 57.3(10.3) 56.9 (9.8) 57.8 (10.9) —0.279 (46) .78
Gender, n (%) 1.0(2) >.999
Male 14 (29.2) 7(29.2) 7(29.2)
Female 34(70.8) 17 (70.8) 17 (70.8)
Relation to patient, n (%) 0.133 (4) 14
Patient self 5(10.4) 3(12.5) 2(8.3)
Partner 5(10.4) 1(4.2) 4(16.7)
First-degree relative 34 (70.8) 20 (83.3) 14 (58.3)
Second-degree relative 3(6.3) 0(0.0) 3(125)
Other 1(2.1) 0(0.0) 1(4.2)
Smartphone experience (years), n (%) 0.008 (2) .004
<5 3(6.3) 2(8.3) 1(4.2) 0.551 (1) >.999
5-10 8(16.7) 0(0.0) 8(33.3) 0.002 (1) .004
>10 37(77.1) 22(91.7) 15 (62.5) 0.016 (1) 04
Use of apps on a smartphone, n (%) 48 (100) 24 (100) 24 (100) — >.999
Self-registered expert level, n (%) 44.(91.7) 23(95.8) 21(87.5) 0.296(1) 61
Questionnaire Results Discussion

Questionnaire results are presented in Multimedia Appendix 2.
Among the use group, 95.8% (23/24) of participants had the
intention of completing the app questionnaire; 41.7% (10/24)
of the nonuse group had theintention of downloading the mobile
app. In the nonuse group, 54.2% (13/24) stated that they were
not informed during admission at the hospital or by mail of the
app; 4% (1/24) had no intention of downloading the app.
Therefore, no difference in expectancy determinants were
cal culated between the groups, and no answerswere considered
as blank.

Thematic Analysis

A thematic analysis was conducted to evaluate patient
recollection of the study’s purpose. Participant responses
(transcribed excerpts are presented in Multimedia Appendix 3)
resulted in five themes: functional monitoring, replacement of
the outpatient appoi ntment, eval uation of participant satisfaction,
no idea or not sure, and other. Correct answers for patient
recollection of the study’s purpose were defined as those
classified within the themes of functional monitoring and future
replacement of the outpatient appointment.

The study purpose was correctly remembered by 62.5% (15/24)
of the use group participants compared to only 20.8% (5/24) in
the nonuse group; 50% (12/24) of the participants in the use
group said that they did not receive a smart phone notification
with the request to compl ete the questionnaire which suggested
a suboptimal implementation process.

https://humanfactors.jmir.org/2020/3/€16989

Principal Findings

Completion of 3-month mandatory functional monitoring is
poor among patients with fractures of the hip, which may result
in asuboptimal monitoring of quality of care. Thissingle-center
pilot study to investigate the use and to analyze the usability
and acceptance of a mobile app for monitoring postoperative
functional recovery after hip fracture revealed poor results for
actual use of the mobile app despite high self-reported intention
to use the mobile app, high self-reported expertise in using
mobile apps, and conditions that facilitated the use of mobile
apps. This suggests that participants had the goal of using the
mobile app, but that better support was needed to properly
implement the technology in health care.

For many years, apps have been regarded as an alternative to
paper questionnaires, but the use of apps may have difficulties
as well, especially when implemented in a population of
community-dwelling older patients [16]. This study
demonstrated implementation difficulties; only 26.4% (29/110)
participants downloaded the mobile app. This demonstrated
that implementation of the app may have required that sufficient
attention be given to education of the community-dwelling older
patient users.

The low percentage of app downloads could partially be
explained by an inability of the patients or caregiversto correctly
remember the information that was provided to them in the
hospital possibly asaresult of stress[24]. Receiving information
in a state of stress has been associated with suboptimal
information processing and reduced cognitive efficiency [25,26];
therefore, correct timing of information provision is essential.
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This study provided both oral and written information, but more
emphasis should be given to written information or video
instructions, asthis has been shown to lead to better information
retention [27]. Among participants who are elderly, an inverse
correlation has been reported between age and recall of medical
information which could also have influenced the findings of
this study [24,28]. The 3-month time period between when the
information was provided and when the questionnaire was to
be completed which also could have negatively affected
information recall and recollection of the study’s purpose.

One participant completed the app questionnaire after
downloading the app. This participant showed an active
approach by contacting the app developers and completed the
guestionnaire with assistance from the devel opers.

A high percentage of the participants (34/48, 70.8%) who were
interviewed were caregivers who were first-degree relatives of
the patient. Study information was provided independently of
whether a caregiver was present at the time of information
provision; therefore, it is possiblethat somefirst-degree relatives
werenot provided with the study information if they were absent
during recruitment.

The telephone interview findings demonstrated that many in
the use group had the intention of completing the questionnaire.
Thisindicatesthat those participants were motivated to compl ete
the app questionnaire. In the nonuse group (11/24, 45.8%),
participants remembered the study, and 10 out of the 11 intended
to download the app. Given thisresult, there seemsto be agood
level of intention in both groups. Facilitating conditions, such
as facilitated help, were high in both groups and were not a
restrictive factor for app usage [29]. Some participants in the
nonuse group (13/24, 54.2%) were unable to remember the
study, and they could not complete the interview. Difficulties
in patients or caregiver recollection of study information may
have been influenced by the previously noted patient-related
factors such as cognitive impairment, anxiety, or stress [24].
Approaching multiple caregivers when providing information
and conducting the telephone interview may also be a reason
for some participants reporting that they did not remember the
study. Respondents (18/48, 41.6%) also reported technical
problems. The app developers suggested the start-up phase of

Gegrds et d

the app as a possible explanation for the technical problems.
The developers aso suggested that a lack of received
notifications could have been as a result of participants not
enabling the appropriate permissions for notifications when
downloading the app. Providing help in the hospital with
downloading of the app could assist with this issue. Another
way to decrease the frequency of technical problemswhile also
optimizing usability and acceptance would be to frequently
evaluate the mobile app during the implementation process[16].

Recommendations

Findings reveal ed intention to use the mobile app, but very low
actual usage. The use of amobile app asit wasimplementedin
this study was not feasible, but the study findings suggested a
potential for useif implemented properly. First, technical issues
should be solved, and a helpdesk should be made available.
Second, it is recommended to involve participants in the
development and implementation phases—doing so can optimize
ease of use and acquiring feedback during implementationisa
feasiblegoal. Third, information provision needsto be optimized
in terms of timing and method of dissemination. It isimportant
to supply additional information after discharge in order to
prevent low download rates as a result of patient or caregiver
stress during admission [27]. Written information, video
instructions, or fact sheets are preferred to ora information
[2,3]. Fourth, in studies involving caregivers, a single contact
person is recommended.

Limitations

Selection bias in the downloading group represents a threat to
validity, as patients or caregivers aready intended to participate
in the study by downloading the app.

Conclusions

The use of a mobile app to monitor 3-month postoperative
functional outcome of hip fracture was low. Despite intention,
expertise, and sufficient facilitating conditions for using
smartphones, the implementation of the mobile app in this study
was demonstrated to be infeasible. Reasons for thisincluded a
technical problem, theimplementation process, and population
of interest having cognitive disorders or a dependency on
caregivers for mobile technology.
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Abstract

Background: eHealth can help reduce socia health inequalities (SHIs); at the same time, it also has the potential to increase
them. Several conversion factors can be integrated into the development of an eHealth tool to make it inclusive: (1) providing
physical, technical, and financial access to eHealth; (2) enabling the integration of people at risk of SHIs into the research and
development of digital projects targeting such populations (co-design or participatory research); (3) promoting consistency
between the digital health literacy level of future users (FUs) and the eHealth tool; (4) developing an eHealth tool that is consistent
with the technological skills of FUs; (5) ensuring that the eHealth tool is consistent with the help-seeking process of FUs; (6)
respecting the learning capacities of FUs; and (7) being sensitiveto FUS' cultural context. However, only little empirical evidence
pointing out how these conversion factors can be integrated into an effective eHealth tool is available.

Objective: On the basis of Amartya Sen’s theoretical framework of social justice, the objective of this study was to explore
how these 7 conversion factors can be integrated into an eHealth tool for caregivers of functionally dependent older persons.

Methods: This study was based on a socia justice design and participant observation as part of a large-scale research project
funded by the Ministére de laFamille through the Quebec Ami des Ainés Program. Datawere collected by recording the preparation
sessions, the co-design and advisory committee sessions, aswell asthe debriefing sessions. The resultswere analyzed using Miles
and Huberman's method.

Results: A total of 78 co-designers participated in 11 co-design sessions, 24 preparation sessions, and 11 debriefing sessions.
Of the 7 conversion factors, 5 could be explored in this experiment. The integration of conversion factors has been uneven. The
participation of FUs in the development of the tool supports other conversion factors. Respecting the eHealth literacy level of
FUs means that their learning abilities and technological skills are also respected because they are closely related to one another
and are therefore practically difficult to be distinguished.

Conclusions: Conversion factors can be integrated into the devel opment of eHealth tools that are intended to be inclusive and
contribute to curbing SHIs by integrating FU participation into the tool design process.

(IMIR Hum Factors 2020;7(3):€18120) doi:10.2196/18120
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Introduction

Background

Do you have accessto your digital health record? What mobile
apps do you use? eHealth, or any other digital tool used to take
care of our hedlth, is an integral part of our lives. However, a
segment of the population cannot use these means to take care
of their health, which leadsto socia health inequalities (SHIs).
SHIs represent, for groups of people, the difference in the
prevalence of disease and mortality rates due to unfair and
modifiable social factors[1]. eHealth can exacerbate SHIs due
to the digital divide [2]. The term digital divide evokes the
separation between those who have accessto technol ogies, such
as computers, mobile phones, or theinternet, and those with no
such access, especialy low-income individuals [3-5]. This
concept aso highlights the knowledge gap between users.
Furthermore, this term refers to the notion of significant (or
universal) access, which includes equipment, internet
connection, skills development, technical assistance, and
appropriate content, meaning health information that is
comprehensible and useful for disadvantaged populations. The
concept of digital divide aso includes geographical location,

Figure 1. Representation of the Capability Approach.
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behavior for searching information, confidence about private
lifeand institutional policies, language, incapacity, and thelack
of cultural sensitivity [3,5-7]. People who are in poor health
condition and hence at higher risk of SHIs are also more likely
to experience thisdigital divide[2]. eHealth makes a genuinely
positive contribution to reducing SHIs by providing effective
access to health services [8] anytime and anywhere while
reducing stigma [9], which hasled to a health justice issue.

Conceptual Framework

The capability approach proposed by Amartya Sen providesan
interesting theoretical framework for addressing SHIsin eHealth
[10]. His approach is different from the more classical school
of thought regarding the notion of equality (utilitarianism vs
egalitarianism), understood as an individual’sfreedom to choose
acourse of lifethat he or she has good reasonsto value (ie, their
capabilities) [11]. Itis, therefore, an opportunity for individuals
to perform an activity that makes sense to them. They must be
able to convert their resources and formal rights into effective
functioning. Subsequently, they can choose whether or not to
engagein activitiesthat are conducive to achieving thelifestyle
that they have chosen (capability). The capability approach is
illustrated in Figure 1.

Financial capital

Goods and services

Conversion factors

Personal
(characteristic of the individual)
Social

(socio-political and cultural context

of the individual)

Environmental

(institutional opportunities and
geographical location)

Effective functioning
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(effective functioning set that allows you to choose between possible lifestyles)

Resources that can be mobilized refer to personal, social, and
financial capital as well as goods and services [11]. However,
evenif al individuals had the same resources, human diversity,
recognized by Sen as being ubiquitous, means that the
mobilization of these resourceswould vary from oneindividual
to another and would not necessarily lead to effective
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functioning [10]. Conversion factors are the different personal,
social, and environmental characteristics of a person that
positively or negatively affect their ability to convert their
resources and formal rights into effective functioning [12].
Differencesin conversion factors lead to different (or unequal)
degrees of freedom in achieving capabilities [12]. In other
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words, conversion factors can be viewed asintervening variables
or categories of intervening variablesthat may support or hinder
effective functioning. Effective functioning represents the
accomplishments or achievements of an individual [13].

Thereisasignificant consistency between the concepts of SHIs
and the capability approach. SHIs can result in alimited ability
to take care of one's health. Although Sen refuses to establish
a list of capabilities, this was done by Nussbaum [14], who
identified alist of 10 basic human abilities, one of which, labeled
life, refers to being able to live a normal life and avoiding
premature death [15]. This is fully in line with the idea of
combating SHIs. In individuals at risk of SHIs, one or more
characteristics are associated with variations in resources such
as low income, living alone or in a single-parent situation,
precarious occupational status, bel onging to an ethnic minority,
and poor health literacy or education level [2]. Health services
and eHealth can also fall within the resources category that Sen
refers to. Although access to health services must be free and
universal (formal rights), many negative conversion factors can
hinder the mobilization of resources, already marked by
vulnerabilities. The digital divide potentially associated with
the use of eHealth isan exampl e of anegative conversion factor
that can be broken down into more detailed ones, namely,
difficulty in initiating and completing the process of
hel p-seeking, difficulty in accessing eHealth, limited ability to
use technology, limited ability to fully understand what is said
and written about hedlth, and learning difficulties [2,16].
Promising strategies for the development of an eHealth tool that
takesinto consideration SHIs are potentially positive conversion
factors.

Conversion Factors

Onthebasis of this conceptual framework of social justice[10],
the following 7 conversion factors conducive to curbing SHIs
in eHealth projects have been identified: (1) providing physical,
technical, and financial access to eHealth; (2) enabling the
involvement of people at risk of SHIs in the research and
development of digital projects that concern them (co-design
or participatory research); (3) promoting consistency between
the level of digital health literacy of future users (FUs) and the
eHealth tool; (4) developing an eHealth tool that is consistent
with the technological skills of FUs; (5) ensuring that the
eHealth tool isconsistent with the hel p-seeking process of FUs;
(6) respecting the learning capacities of FUs; and (7) being
sensitive to FUS' cultural context [2].

Providing Physical, Technical, and Financial Accessto
eHealth

In Quebec, in 2018, 95% of adults had at least one electronic
device (computer, smartphone, tablet, connected exercise
bracelet, or smartwatch) [17], and 92% of them had internet
accessat home[17]. In Canada, almost all Canadians aged under
45 years use the internet daily [18]. This decreases to 35% as
Canadians advance in age, that is, 75 years and above [18]. In
addition, education and income are important indicators of
internet use among older persons. Globally, North Americaand
Europe are the continents where the internet penetration rate
exceeds 85%, followed by Latin America, Australia, and the
Middle East with rates ranging from 65% to 70% [19]. Asia
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and Africahave apenetration rate of 54% and 40%, respectively
[19]. Although inequalities are present around the world, they
seemto belesswith regard to accessin Quebec. However, these
data should be used with caution. In a 2018 research project on
the use of the tablet computer to prepare for hospital discharge,
one patient was unable to participate in the research project
because the internet and a cellular network were not available
in her municipality (paper in preparation). A Quebec project
called Régions branchées aims to provide complete internet
access in Quebec [20]. However, this objective appears
ambitious considering the vastness of the province. In addition,
the costs associated with internet connection or technical
assistance, which may sometimes be necessary, can force
families and people experiencing poverty to make difficult
choices in their budget management. More and more public
establishments (shopping centers, hospitals, libraries, etc) offer
free internet access. However, this can lead to confidentiality
issues, especially when the search subject is related to health
[21]. A Canadian program called Connected Families attempts
to address this problem by providing Canadian families living
in poverty with accessto high-speed internet packages at acost
of Can $10 (US $7.47) per month [22]. It is not known at this
time whether low-income families are using this program.

Enabling the I nvolvement of People at Risk of SHIsin
the Development of Digital Projects That Concern Them
(Co-Design or Participatory Research)

Involving FUs and a diversity of perspectives, circumstances,
capacities, and experiences in the design process increases the
likelihood that the tool will meet their needs and preferences
[23]. Similar to many participatory methodologies, such as
participatory action research, patient-partner approach,
community-based research, or co-design, the objective of this
study wasto involve the people targeted by the research project
inthe processas early as possiblein the hope of obtaining better
results for them, including people at risk of SHIs. From Sen’s
perspective, any way of looking at a problem (and its solutions)
is a socia construction that implies the need to include the
people concerned [13].

Promoting Consistency Between the Level of Digital
Health Literacy of FUs and the eHealth Tool

eHealth literacy was defined as “the ability to seek, find,
understand, and appraise health information from electronic
sources and apply the knowledge gained to addressing or solving
a hedth problem” [24]. It is very important to present
information that can be understood by patients and users of
eHealth tools to help them make decisions about their health
and benefit from remote intervention programs [25]. People
with poor literacy skillsarelesslikely to use health information
technologies and have a poorer overal heath status and an
increased risk of death [26].

Developing an eHealth Tool That Values Technological
Skillsof FUs

Technological skills or ahilities refer to the use of various
software, digital platforms, and appsin educational, professional,
or everyday life activities[27]. Thismay also include activities
such as securing personal data and appropriating new
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technologies [27]. In Quebec, 19% of adults believe that they
have poor skills, or they do not use the internet [28]. Age also
seemsto affect the sense of competence [29]. However, in recent
years, internet use doubled from 32% to 68% among Canadians
aged 65 years and above [29]. Bowen et a [30] have argued
that low technological skills are as important a reason as the
cost for not adopting the internet.

Ensuring That the eHealth Tool is Consistent With the
Help-Seeking Process of FUs

The number of people who look for web-based information
about their health problems and avail able services hasincreased;
however, the need to interact with health professionals remains
important [31]. In their study, Lin et al [31] argued that people
seek information that was put out, among others, by people who
are in the same situation as them; in other words, perceived
similarity appears to be more influential than perceived
expertise. It isimportant for FUs to identify the eHealth tools
that not only can help them take care of their health but also
guide them through their process of seeking formal help.

Respecting the Learning Capacities of FUs

Many eHealth tools are intended to offer some form of health
education. However, studies show that some of them are less
effective because they were not designed on the basis of learning
theories [32]. eHealth tools would benefit from including key
principles related to effective learning environments to allow
FUsto get the most out of thetool to improvetheir health. These
include, among others, fostering positive emotions and
motivation by ensuring that FUs feel able to achieve what is
expected of them, that they are able to perceive a stable link
between their actions and results, that they have a clear vision
of the objective, that they feel positive emotions toward the
learning activities, and that they give relevance to the task [33].
In addition, it seems important to aim for easy knowledge
acquisition by focusing on understanding topics rather than
memorization, thereby allowing learners to understand when,
where, and why to use information. It also seems important to
enhance the adaptive skills of the learners, that is, the ability to
creatively use the topic mastered in contrast to simply applying
the subject matter effectively by supporting metacognition and
areflective view of learning [34]. More specifically, with regard
to the use of digital technology, active cognitive processing
must be supported without overloading the learner’s cognitive
abilities with computer technology [35].

Being Sensitive to the FUs Cultural Context

People may not feel attracted to the eHealth tool if it does not
match their beliefs, values, and habits. The use of photographs
representing FUs and a variety of testimonies can support the
cultural aspect of thetool [36,37].

Objectives

On the basis of Amartya Sen’s theoretical framework of social
justice, the objective of this paper was to explore how
conversion factors can beintegrated into an eHeal th tool through

a co-design project for caregivers of functionally dependent
ol der persons.
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Methods

Study Design

To attain this goal, the exploration of conversion factors will
be carried out through afield project titled “ Better meeting the
needs of caregivers in providing safe home care for the
functionally impaired older persons,” which the research team
informally refers to as the QADA project in recognition of the
fact that it is funded by the Ministry of Families as part of the
Age-Friendly Quebec Program (QADA). The project isled by
a group of researchers whose intention is to include the social
justice perspective in their project (see the protocol of this
project for moredetails) [38]. The purpose of the QADA project
is to develop an eHealth tool that facilitates the process of
help-seeking for caregivers of functionally dependent older
persons. The QADA project is based on a participatory design,
more specificaly, a co-design approach, and therefore meets
the conversion factor that involves the participation of FUsin
the development of the eHealth toal.

This study is qualitative in nature, with what can be described
asasocial justice design as the concept of social justice, based
on the capabilities approach, is involved in all phases of the
study [39]. It, therefore, aims to determine ways to integrate
conversion factors in the development of the eHealth tool to
make it inclusive for all caregivers of functionally impaired
ol der persons.

Epistemological Posture

The epistemology of this study concurs with that of Miles and
Huberman [40] in recognizing that social phenomena exist in
area world where regularities are observed and connections
between them are established. Some of these observations,
however, are based on human subjective experience. It also
relatesto the desirefor social justice and the restoration of power
among individuals. Finally, it supportsthe idea that knowledge
developsin action, and asthe purpose of thisstudy wasto obtain
asolution to the problem, any potentially useful methods have
their rightful place in it [41]. Thus, it could be said that this
study isrooted in the pragmatic paradigm [42].

Research Sites

This study was conducted in 11 Quebec regions (Cote-Nord,
Mauricie, Centre-du-Québec, Capitale-Nationale,
Chaudiére-Appal aches, Montérégie, Bas St-Laurent, Gaspésie,
Outaouais, Montréal, and Laval). The locations of co-design
sessions vary, depending on their availability (eg, municipal or
community). Thework sessions of the research team were held
at the research center, sometimes in person and sometimes via
Skype.

Population, Participants, and Selection Criteria

In this study, all QADA project co-designers were participants
and were divided into 4 categories. caregivers, community
workers, health and social service professionals (HSSPs), and
research team members.
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Caregivers

The population of caregivers of functionally impaired older
personsisparticularly interesting asitisavery diversified group
of people (ig, rich, poor, young, not so young, having avariety
of skills, etc) having in common the role of providing care to
another person. In this study, caregivers of a functionaly
impaired older person are those who provide regular, unpaid
assistance to a person aged 65 years and above and are a
population group at risk of SHIs. Owing to the nature of their
tasks, caregiversaremorelikely to devel op physical and mental
health problems [43-45]. Some of them are already at risk for
SHIs (eg, low income, mental health issues, immigrant status,
etc). Bucki [43] argued that caregivers with the lowest incomes
had poorer health (ie, psychological and physical functioning,
self-efficacy, lifestyle, family support, social capital, and
physical and financia security). In addition, lack of resources,
limited access to information, socia exclusion, and exposure
to harmful environments also affect both the caregivers and the
elderly person they support and represent factors that create
important SHIs [46]. Factors that increase the risk of burnout
among caregivers (ie, ethnicity, language, gender,
socioeconomic status, health literacy, age, poor education,
history of depression, and high time consumption for care) are
virtually the same factors that increase the risk of experiencing
SHIs[47-49]. Thismeansthat caregiversat risk of burnout who
need help are also those who are likely to experience SHIsand
to be excluded from eHedlth interventions. This has a double
impact on social justice by dint of the caregivers’ limited ability
to take care of their own health, on the one hand, and to take
care of thesick person, on the other hand. Thelatter is, therefore,
also in a situation of injustice. Bucki [15] highlighted, in her
study, the importance of continuing the fight against SHIs for
caregivers.

Community Workers and HSSPs

Given their proximity to caregivers, the possibility of obtaining
an additional perspective, and the desire that the tool devel oped
be complementary to what already exists, the choiceto integrate
community workersand health and social servicesprofessionals
as co-designers was relevant to the QADA project. Their
participation in this study alows us to understand how
professional s perceive conversion factors and wish to integrate
them into the co-design process.

Research Team

The members of the research team are participants, and thisis
of key importance in this study insofar as the integration of
conversion factors must rest on an epistemological and
methodological choice made by researchers or designers that
must be applied in arealistic and concrete way. Their point of
view, which will be largely experiential within the QADA
project, is therefore crucia for the implementation of the
recommendations resulting from this study.

Number of Participants and Selection Criteria

A total of 78 co-designers participated in this project and are
detailed as follows:

1. Caregivers: 30 caregivers participated in this project. In
the context of this project, any person providing unpaid
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assistance on a sustained (weekly) basis to a functionally
impaired older person was considered a caregiver.

2. Community workers: 26 community workers participated
in this project. They had to provide services or interact
directly with caregivers of functionally impaired older
persons.

3. HSSPs: 18 HSSPs participated in this project. Similar to
the community workers, the HSSPs had to provide services
or interact directly with the caregivers of functionally
impaired older persons. These professionalsincluded nurses,
nursing assistants, client care attendants, home care workers,
occupational therapists, physiotherapists, physicians, socia
workers, and psychologists.

4. Research team members: The research team of the QADA
project initialy consisted of 8 coresearchers, whose
participation varied based on their availability and their
expertise. The members of the research team wereinvolved
in al phases of the project, and they included the QADA
project director, an anthropologist and professional
researcher, a user experience designer, and the author of
this paper—adoctoral candidatein educational technology.

Inlinewith the epistemol ogical view of the author of this paper,
she was involved in the study as a participant-observer [50].
That is, the author took part in the preparation of the co-design
sessions by ensuring the participation of FUs and by exploring
different ways of integrating conversion factors, facilitating the
co-design sessions, debriefing co-design sessions, and
developing the prototype from the results of the co-design
ons. In addition, once the co-design phase was completed,
she listened to al the recordings of the preparation sessions,
co-design sessions, and debriefings; condensed the data; and
analyzed the results.

Recruitment

A secondary data analysis had been planned for and included
inthe QADA project protocol. Asdata collection for this study
was based on the research team’s work sessions and co-design
sessions, no additional recruitment was expected. The
researchers adopted a purposive sampling strategy. Community
workers were recruited directly. For HSSPs, an email was sent
to managers of the participating institutions, who put the team
in contact with interested professionals. Caregivers were
recruited through community workers and HSSPs. Seethe paper
on the results of the project for more details [51].

Data Collection

To achieve the targeted goal, the review of conversion factors
stretched over several stages of the QADA project:

1. Preparatory meetingsfor the co-design sessions (including
the advisory committee) by the research team (n=24). These
meetings provided information regarding the efforts made
to ensure optima mobilization of participants, obtain
consensual decision making, and choose the information
to be presented to take account of conversion factors. The
resulting documents (co-design session planning) and the
audio recording of these meetings were used as raw data
for the analysis.
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Table 1 presentsthe number of preparation sessionsrequired
for each of the co-design meetings.

Co-design sessions (n=8 co-design sessions and n=3
working sessions of the advisory committee). In these
sessions, information relating to conversion factors was
produced to support the effective utilization of the eHealth
tool. The sociodemographic data of the participants
(provided by them), the resulting documents (artifacts), the

Latulippe et al

of each of the co-design ons, also presented in a paper
on the QADA project [51], are summarized in Table 1.
Co-design postsession debriefing meetings (n=11). These
meetings helped usto quickly identify the perception of the
researchersregarding the process and the conversion factors.
Note-taking during debriefing and audio recordings also
served as raw data for the analysis. These meetings took
place immediately after each co-design session.

audio recordings (of subgroup activities), and the videos

of these mestings sarved as raw datafor the analysis. Details Figure 2 illustrates where this paper fitsinto the overall QADA

project process (in italics).

Table 1. Content covered in the co-design sessions and the number of preparation sessions required.

Working sessions - Number of preparation sessionsthat wererequired® (n=24) Content of the co-design or advisory committee session

coD1P 2 Identification of the needs that the tool must address

CoD2 1 Idem

AC1S 1 Final choice of needs and recommendations for further co-design

CoD3 1 Exploring existing functionalities that meet needs and identifying
gaps between what exists and previously identified needs

CoD4 2 Brainstorming on the functionalities to address the needs that former
attempts failed to meet

CoD5 3 Choice of functionalitiesto beintegrated into thetool and devel opment
of the site architecture

AC2 1 Choice of functionalities that failed to draw a consensus

CoD6 3 Functionalities and content devel opment

CoD7 5 Functionalities and content development

CoD8 3 Functionalities, content development, and pretest

AC3 2 Exploration of the prototype, choice of more or lessrealistic function-

alities, and discussion on the content

#The number of preparation sessions was not defined in advance, but rather defined on an as-needed basis depending on the evolution of the prototype
and the complexity of the analysis of the results.

bCoD: co-desi gn sessions.
CAC: advisory committee.

Figure 2. Design Phase of the overall project.

Identification of caregiver needs

v

Co-design of the electronic health tool for caregivers

Phase 2

CoD1| [CoD2| | ACT| [CoD3| |CoD4

h 4

CoD5| | AC2 | |CoD6| |CoD7| [CoD8| | AC3

Legend: CoD = Co-design session; AC = Advisory committee session

Usability study: User testing
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Data Analysis

The analysis plan followed the method proposed by Miles and
Huberman in 3 convergent analysis activities: data condensation,
data presentation, and conclusions development or verification
[52].

The purpose of data condensationisto “sort, distinguish, reject
and organize data so that final conclusions can be drawn and
verified” [52]. In this study, data condensation resulted in a
written summary of each document and audio or video recording
concerning the preparation of the co-design sessions, the
co-design sessionsthemselves, and the debriefing. Consequently,
an initial analysis was carried out to determine what will be
reported in the summary document. This choice was made on
the basis of the following question: Does what is said in the
recording provide relevant information about one of the
conversion factors? If so, then the extract was transcribed into
a Word document. The reflections emerging in the process of
drafting the summary were written in commentary mode. The
documents were then imported into MAXQDA software
(VERBI GmbH) [53]. MAXQDA is a qudlitative anaysis
software that alows to analyze written documents as well as
audio, photos, and videos. A deductive coding was performed
to associate the content of the summary documents with the 7
conversion factors. The same extract can be coded with 2
factors. These conversion factors, athough independently
presented, have several areas of convergence. They were
analyzed separately first to see how they will be operationally
integrated into the development of the tool and subsequently
for their co-occurrence.

Data presentation isan organized collection of information that
also aims to draw conclusions. It is presented in the form of
tables, cognitive maps, and matrices[52]. In thisstudy, cognitive
maps were used to understand how the conversion factors could
be considered in the tool as well as the relationships among
them. The datawere presented in atabular form to examinethe
flow of events, the importance given to the conversion factors
according to the moment, and progression of the prototype[52].

The development and verification of conclusions occurs when
the researcher makes sense of things [40]. These findings,
however, need to be rigorously verified by peer review
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(intersubjective consensus) or by replicating one result into
another set of data (triangulation) [40]. Asthelatter wasdifficult
to produce in this study, the summary documents, cognitive
maps, and tableswere presented and discussed with the author’s
two thesis supervisors. In addition, the accuracy of the summary
documents was verified by the other member of the research
team (an anthropologist and research professional) who
participated in the working sessions, co-design, and debriefing.
Considering the large amount of raw data, she checked the
accuracy of 10% (1/10) of the documents, at random. She aso
checked whether the content of the documents was consistent
with her perception of the sessions. This study is the subject of
athesis, and it is, therefore, supervised by a thesis committee
comprising 4 university researchers in the fields of education
and health.

Ethical Consider ations

This project was approved by the Comité d'éthique de la
recherche des Centres de santé et de services sociaux de la
Vieille-Capitale (Research Ethics Committee of the Health and
Social Service Centers of the Old Capital). A monetary
compensation of Can $20 (US $14.98) was given to each
co-designer through the QADA project. The informed consent
of each co-designer was obtained in writing.

Confidentiality of Data and Anonymity

The data were anonymized from the first level of analysis. All
the study materials, including information, consent forms, and
recordings, were kept in alocked filing cabinet in alocked room
at the research center. The digital data were saved in encrypted
files, on a secure server of Laval University, and access to it
was protected by the use of a password available only to the
members of the research team. Finaly, all the materials and
datawill be kept for 5 years and then destroyed.

Results

Co-Designer Characteristics

A total of 78 co-designers participated in co-design sessions or
advisory committee sessions. Table 2 presentsthe characteristics
of the people who contributed to this study.
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Table 2. Description of co-designers.

Latulippe et al

Sociodemographic characteristics  Caregivers (n=30)

Community workers(n=26) Health professionals (n=18)

Research team (n=4)

Sex, n (%)
Women 26 (87) 20 (77)
Men 4(13) (23)
Age (years), mean (SD)
42-88 77.9(11.0) N/A2
24-66 N/A 44.8 (12.3)
29-53 N/A N/A
33-45 N/A N/A
Education level, n
Elementary school 1 0
High school 10 1
College 4 4
Vocational studies 1 0
University 12 21
None 1 0
Not mentioned 1 0
Age of therelative (years), mean (SD)
61-96 78.2(9.9) N/A
Relationship with the person cared for, n
Children 8 N/A
Sibling 3 N/A
Spouse 17 N/A
Friend 2 N/A

18 (100) 4 (100)
0(0) 0(0)
N/A N/A
N/A N/A
39.6(7.9) N/A
N/A 407 (5.4)
0 0

0 0

6 0

3 0

9 4

0 0

0 0

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A

8N/A: not applicable.

Overview of the Presence of Conversion Factorsin the
Co-Design Phase

Theinitial segmentation generated 1257 analytical units. It can
be seen that the conversion factors did not have the same
occurrencein the development of thetool (Figure 3). Conversion
factors were also represented unevenly over time (Multimedia
Appendix 1).
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The conversion factors, that is, FU participation, eHealth
literacy, and the process of seeking help from the FU, were the
most discussed in the co-design sessions. Each of these will be
the subject of a full paper to reflect the wealth of knowledge
resulting from this project. However, wewill outline theimpact
of their integration into the eHealth tool.
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Figure 3. Codelist. FU: Future users.
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FU Participation

FU participation in the design of the tool was the conversion
factor that was present at all stagesin aprominent way. Thisis
partly explained by the team’s concern not only by optimizing
co-designers’ participation during session preparations but also
by respecting the choices they made during sessions. Decision
making was coded under this conversion factor. A reflection
on this participation and its effect was also the subject of
discussion during the debriefing sessions. Co-designers
(caregivers, HSSPs, and community workers) were offered the
choicetowork in large groups or small subgroupsand in mixed
groups or nonmixed groups (caregivers only, HSSP only, etc)
and thus given equal opportunities for expression:

Small groups encourage discussion. [Research team,
preparation of CoD1]

In small groups, all participants spoke; this was not
the case during the plenary session, where one
participant did not speak at all. [Research team,
debriefing CoD3]

Caregiver who did not speak at all during the plenary
session but who spoke +++ in small groupswith other
caregivers. [Research team, debriefing CoD4]

We limit the workshops to 60 minutes and we do a
plenary session to bring together what was covered
in the workshops. We don’t have to, but it’s valuable
to see the work of others. One person mentioned that
there is no point in a plenary session where no
decisions are made. e can hold a plenary session
to make group decisions such as choosing the angle
to use for the caregiver in the algorithm and let
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co-designers pick the workshop that most interests
them. This way, many people participate in making
choices on certain aspects and each person gets to
work on what they are most interested in. This is
valuable insofar as the groups are fairly balanced.
Wk can add a representativeness criterion (caregiver,
community wor ker, HSSP). We must therefore explain
the workshops beforehand. [Research team,
preparation of CoD6]

eHealth Literacy

eHealth literacy was addressed at all stages of the co-design
phase, but even more extensively in co-design sessions 6 to 8.
This is due to the fact that several content creations were
developed at these stages. The creation of content (including
word choice and sentence constructions) and also the use of
videos, what co-designers see when they look at the prototype,
and the concern to have as little text as possible in the tool are
manifestations of this conversion factor. There were aso
interesting discussions on the choice of common words (used
by caregivers) versus the new terminology desired for certain
diseases (eg, dementia vs neurodegenerative diseases):

The text is very heavy. The first thing | would do is
click on the video. [Caregiver CoD7]

| am insistent, but 1 would like “ neuro-cognitive
disorder” to appear (HSSP). Yes, but you're going to
bethe only onewho knowswhat it means (caregiver).
Caregiverswill not know what itis. [Can weput it in
parentheses? (HSSP) CoD5]

HSSP: what do you mean by category of
organization? Team member: it's a community
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organization, CLSC... Caregiver: you areacademics.
You haveto speak in layman’ sterms. [ Team member:
yes, it's literacy, the other group talks about that.
CoD7]

Everything on the right has been omitted. We're
talking about someone with technological skills. She
eliminated what was placed on the right. [Research
team, debriefing CoD8]
Help-Seeking Process
The conversion factor related to hel p-seeking was significantly
addressed in all co-design sessions. This is not surprising
considering the nature of the tool that directly addressed this
subject, the tool developed in the QADA project to support the
process of help-seeking from caregivers. The co-designers
provided input on this process at each phase during tool
development, especialy on the link between the process and
the tool. For example, it was discussed that caregivers often
sought formal services in a state of extreme emotional
exhaustion. The co-designers, therefore, established as a
guideline that the tool should provide targeted and complete
results (with a brief description and telephone number) in 2
clicks. Consequently, the QADA tool was centered around the
search box in the center of the home page:

| did a search on the X website. But sometimesit takes
too long. We do it in the evening, we're already tired,
it'stoo taxing. | think the project must ensure that we
can get to the information rapidly and that we can
take action rapidly. [Caregiver CoD7]

Access (physical, technical, and financial) to eHealth, learning
capabilities, technological skills, and cultural context were the
conversion factorsthat wereleast addressed during the co-design
phase of thetool. Theresultsrelated to these conversion factors
are presented in the following sections.

Providing Physical, Technical, and Financial Accessto
eHealth

Access to the tool, although less extensively addressed across
sessions compared with other themes, remained a concern
throughout the processfor both the research team membersand
the co-designers. The access problems mentioned were based
on the assumption that older persons may use technology less,
that some people may not have the required skills to use it, or
that people in vulnerable situations do not use the internet.
Therefore, co-designersfeel that the issue of accessislinked to
the eHealth literacy and technological skillsconversion factors.
Wewill return to the relationship between age and technol ogical
skills when we discuss this conversion factor:

Some people don't have access to the Internet. The
fact that some people are not comfortable with the
Inter net has nothing to do with age. Of course, making
a digital tool excludes people. We can't expect to
reach everyone with this. Older adults include three
generations. [Researcher AC1]

Challenge to create a tool that responds to different
peopl€e's skillsand isinteractive. [Caregiver AC1]

http://humanfactors.jmir.org/2020/3/€18120/
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Team member: You have to think of the isolated and
vulnerable person, it hasto be simple for them.

Community worker: Well, if you think of the isolated
and vulnerable person, well, they don't have the
Internet. This doesn’t make sense. [CoD6]

The majority of the co-designers mentioned that alternativesto
the eHealth tool should be provided for caregivers who do not
have access to the internet or technology. Bookmarks with
telephone numbers, adverti sements, announcements, and posters
were proposed to make the tool known to those who do not
spontaneously search theinternet or to contact someone directly
to obtain answers about services for caregivers. Third-party
intervention was also identified as a solution to accompany a
person who would have an access problem such as a friend,
neighbor, or pharmacist:

Caregiver 1: In the other advisory committee, it was
said that we need a paper version. Caregiver 2:
People can go to the library. Caregiver 1: People
who provide home care will not take the time to do
this. [AC2]

It reminds me of a client who never uses the Web. For
thisperson, it takesa third party, another personwho
will go online for him. [Community worker CoD1]

It takes someonefromhiscircle, afriend, for example,
to help himwith this. [Caregiver CoD1]

You need someone who's close to him to help with
this. The third party will use the tool. [Caregiver
CoD1]

In addition, co-designers mentioned that mobile technologies
may be more accessibletoday and that thetool must be available
for use with an electronic tablet and a smartphone:

It's useful. | did a lot of research on my tablet to find
a neurologist and find out how to get my husband
evaluated. It's useful because you group everything
together. | would like it to be adapted for tablets.
[Caregiver CoD8§|

To date, thereisno alternative to the digital tool simply because
it is not implemented yet and a transposition into a nondigital
format would be hasty. However, it was designed to be used
with an electronic tablet and a smartphone:

The alternative will depend on the type of tool
developed, so we should wait until we have this
information. [Research team CoD3]

Respecting the Learning Capacities of FUs

Learning capacitieswere not addressed much for 2 reasons. The
first reason isthat the tool developed inthe QADA project aims
to support caregivers in their help-seeking process by helping
them find services and by trying to establish contact with
organizations. In this sense, eHealth is more of a search help
tool than a learning process (even if it requires putting some
effort into learning how to browseit). Besides becoming familiar
with a new resource, few real-life learning situations are also
presented in the tool. The second reason is that tool usability
concerns have been further categorized into conversion factors
related to digital literacy or technological skills. The motivation
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and emotionsto be considered in the learning process may have
beenincluded in the conversion factor related to the hel p-seeking
process given the nature of the tool.

Being Sensitive to the FU’s Cultural Context

The conversion factor related to the cultural context of the tool
wasexplicitly expressed in oneway. All co-designers mentioned
theimportance of making thetool availablein severa languages:

There are Anglophones in Quebec. The site will also
bein English, right? [Caregiver CoD5]

WII the tool be trandated into several languages?
Being able to use on€'s language is important to
identify with the tool. [Community worker CoD6]

Several languages: English, Innu, French. It's
important. [Community worker CoD1]
Among other things, the importance of having atool in one's
primary language was observed in aco-designing onwhere
co-designerstended to reject sitesthat were in English because
they could not understand them:

As soon as we see that it's in English, bye! e drop
them right away. [ Community worker CoD3]

But in English, | won't read. | would just like some
French. [Community worker CoD3]

Developing an eHealth Tool that Valuesthe
Technological Skillsof FUs

Latulippe et al

| think most people will go on there and look for
information without creating a profile. I'm not
attracted to webinars. It's not something 1'd do
automatically. | am not part of this generation that
watches webinars. [Caregiver CoD5]

Wanting isnot enough. A personintheir fifties, who's
used to the Internet, won't be scared; they' |l be able
to answer the questionsand they'll get it. For someone
who doesn’t use computers, it must be as simple as
possible. [Community worker CoD5]

HSSP asked a caregiver if she would be comfortable
with writing Caregiver: No, | would call. HSSP:
Chatting and BOTS are excluded. [CoD5]

Other features were chosen specifically to accommodate users
with poorer technological skills:

| think of my elderly people who end up creating
plenty of profiles because they get all mixed up. The
tool must have a message that tellsthe user that their
email address is already in the database but the
password is incorrect, or that the email is not in the
database so they don't create a new profile every time.
[Team member preparation CoD7]

Make clickableimages and buttons obvious by putting
them in 3D effect because clickable images are not
used by older persons. [Team member preparation
CoD7]

According to a number of co-designers, age appearsto bethe  Some members of the research team wanted to make sure that
main factor explaining poorer technology skills: the tool would be useful both to people who feel at ease with

The homepage needs to be simplified because
caregivers who are seniors themselves are less
familiar with technol ogy and they may need to be able
to get the information without registering. Many of
them do not have an email address. [Community
worker CoD5]

Have you thought about the fact that older persons
are not familiar with technologies? This is very
important. | have met some people who are not at all
skilled with computers. [Caregiver CoD7]

Most caregivers are aged between 40 and 50. I'mmy
spouse’'s caregiver. Even people aged 65 and over
are comfortable with the Internet. We must not be
ageist. Yes, but there are caregiverswho are 80 years
old and who do not use the Internet at all. Yes, but
these people are supervised, they can go to the
library. There are numbers they can call to get help.
[Community worker CoD6]

The older persons we deal with are not tech-sawwy.
Forget social media such as Facebook, or email. We
haveto gototheir homes. Phoneisokay. [ Community
worker CoD3]

technologies and to people who do not. Till now, they had the
impression that participating co-designers had poor skills. Other
team members saw thisas an advantage because it allowed them
to choose features that increased the chances of designing an
inclusive tool:

It won't help us to have only caregivers who are not
familiar with technologies. But it helps usto simplify
as much as possible. [Team members Debriefing
CoD4]

To date, in our co-designs, it is still caregivers who
make little use of the technology and will not use it
inthe process of hel p-seeking. Thisisthereality right
now. This is the reality for the spouses, perhaps not
the children. [ Team member Debriefing CoD4]

This concern is all the more relevant given that the profile of
caregiverswho usetheinternet islikely to changein the coming
years:

[ Speaking of BOT] Fifteen years from now, people
will be more empowered and may be interested in
this feature. [HSSP CA2]

I don't know many caregivers who have iPads and
who manage well with them. There are a few, but not

Asthe participating caregivers of older personswerethemselves
seniors, there was a concern to make the tool as user-friendly
as possible. This appeared prominently in discussions of
co-design sessions 3 and 5, where the objective was to identify
and choose functionalities for the QADA project tool. Some
features have been discarded dueto their perceived complexity:
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20 years time will not be the same. [Community
worker CoD8]
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Convergenceand Linkage Between Conversion Factor s

Figure 4. Co-occurence between codes. FU: Future users.
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Several verbatim extracts support more than one conversion
factor. Figure 4 shows the co-occurrences between the themes.
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Asdiscussed earlier, lesstech-savvy people may have difficulty
using adigital tool. In this sense, several verbatim extracts have
been categorized into these 2 conversion factors. The same
appliesto the process of hel p-seeking, which may be hampered
by limited access to technology and poor technological skills.
eHealth literacy is defined as the degree to which individuals
have the capacity to obtain, process, and understand basic health
information and services needed to make appropriate health
decisions. Therefore, technological competence and the
hel p-seeking process should be considered as literacy skills, as
reflected in the categorization of verbatim extracts.

It should be noted that there isaco-occurrence of the conversion
factor related to FU participation with the other conversion
factors. It appears that understanding conversion factors such
as eHeadlth literacy, technological skills, and the help-seeking
process requires FU participation in the development of the
tool.

Discussion

Principal Findings
The objective of this study was to explore how 7 conversion
factors can be integrated into the design of an eHealth tool.

The results suggest that conversion factors can be integrated
into the development of an eHealth tool at different levels. The
technological skills of FUs can be taken into account when
choosing the functionalities to be integrated into the tool and
the format of the technology used (computer vs tablet).
However, these decisions are not easy to make. In this project,
the technological skills of caregivers ranged from poor to
advanced. Some co-designers did not use technol ogies because
they said they lacked the skills, whereas others indicated that
they mastered them very well. One might think that
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co-designers’ perception was biased by stereotypes related to
poor technological competence among older persons. However,
statistics show that 19% of adults believe that they have poor
skills and they do not use the internet, suggesting that 81% of
adults feel that they have moderate to good skills [28]. In
addition, individuals sense of competence tendsto declinewith
age [28]. As designers, we must, therefore, juggle with
heterogeneity in the FU’s skills, while the eHeadlth tool is
intended for the general public or, in this case, for caregivers.
This leads to a dilemma faced by the co-designers about the
exclusion of featuresthat might have been useful for experienced
users but prove to be too complex for neophytes, and aso the
expected evolution of individuals' technological skills in the
years to come. Indeed, internet use by older personsin Canada
has steadily increased between 2007 and 2016 [29]. The
presence of moretech-savvy caregiverswould have undoubtedly
allowed us to discuss this dilemma with them. It would have
been appropriate to evaluate the effect of the decisions made
on the caregivers perception regarding their technological skills
during usability tests. Would the complex functionalities that
were excluded in favor of more basic ones have alowed
caregivers who felt they had poor to moderate technological
skills to effectively use the tool? Could we have kept the tool
very simple and user-friendly and still included more advanced
features accessible to people willing to use them?

The conversion factor related to eHealth access was not
addressed by co-designers in terms of access to efficient
bandwidth, for example, in rural areas, or in financial terms,
but rather from the angle of technologica competence and
eHealth literacy level. Thismay reflect the fact that in Quebec,
financial or material access to eHealth is not perceived as a
major problem. Nevertheless, we must remain cautious and
vigilant to ensure that access to eHealth becomes universal
because there is concrete evidence that internet access is not
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globally available (especialy in rural areas). Discussions with
co-designers led to the exclusion of the use of technology for
the so-called less competent individuals rather than adapting
the eHealth tool or training them to useit. There seemsto be a
consensus among caregiversthat they are not interested in using
technology and that it will be necessary to supplement the tool
to support them in their help-seeking process. One of the
avenues discussed in this study isto have athird party use the
eHealth tool to search for services. This possibility is of
particular interest in the context of caregiving because one of
the triggers for seeking formal servicesis aso the intervention
of athird party (paper in preparation). The third party would
act asamobilizer both to identify the services available through
the eHealth tool and to encourage the use of formal services.
The inclusiveness of the tool would be further enhanced by its
availability to third parties, who can be friends, neighbors,
pharmacists, and so on. Instead of referring to access, this
conversion factor could be renamed third-party assistance.

The conversion factor related to the cultural context was
minimally integrated by explicitly addressing the language. The
integration of this factor goes further than simply making the
tool available in several languages. Can it be argued that this
conversion factor was implicitly integrated by involving the
FU? Can we assumethat the choi ces made by co-designerswere
necessarily in accordance with their beliefs, values, and habits?
In the case of this experiment, there waslittle cultural variation
among the co-designers as the majority were French Canadian,
although this was not what was initially desired. The only
variabilities present were related to the particularities of each
region, which were integrated by selecting services by sector
rather than by region, for example. However, as help-seeking
isaprocessthat variesfrom one cultural community to another,
caregivers from an ethnic minority may not feel concerned by
the tool [54]. Sen argued that the cultural dimension can only
be respected by allowing for debate between users because
individual cultural differences persist within the same cultural
community [10]. Only the mediation between individual and
collective preferences through debate can reconcile differences.
The participation of the FU appears to be the way to integrate
cultural context into the eHealth tool insofar as co-designers
represent cultural diversity.

Similar to the cultural context, knowledge of the caregivers
help-seeking process was also made possible through the
discourses of the co-designers, especially the caregivers
themselves. Unlike other design methodologies where the FU
is questioned punctually, co-design has allowed usto reflect on
the process of help-seeking, which we may not have thought to
addressin aninterview or questionnaire. Co-design allowed the
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tool to ensure that each of its devel opment stages was consistent
and adapted to the caregivers' help-seeking process.

For eHealth literacy, the team used literature to help devel opers
ensurethat their tool would require no more than basic literacy.
Elements include language, cognitive overload, and visua
exploration by people with low literacy skills, among others,
with cross-referencesto conversion factors such astechnological
skills and learning abilities. In concrete terms, it is through the
content of the site (the choice of words and sentences) that we
were able to keep the literacy level requirement to a specific
level. However, the simple and refined nature of the tool
intended by co-designers, especially in relation to the conversion
factor related to technological skills, isalso consistent with the
principles found in the reference documents related to literacy.

In summary, conversion factors, particularly compliance with
the desired eHealth literacy level, the hel p-seeking process, and
cultural context, were integrated into the eHealth tool by the
co-designers’ discourse and, moreimportantly, by the caregivers
themselves.

Infuture research on conversion factors, it does not seem useful
to continue to focus on the 7 factors. A range of
population-based measures are underway to ensure physical
and financial accessto technology, and anumber of alternatives
(eg, free accessin shopping malls), athough imperfect, are now
avalable. Efforts should be streamlined to pressuring
governmentsto guarantee accessto technologiesfor all citizens
in the same way that it ensures access to hydroelectricity, for
example. However, it seems essentia to continue to look for
solutions to the access problemsrelated to technological skills.
Nevertheless, thisissue can be addressed under the conversion
factor related to eHealth literacy. According to some authors,
eHealth literacy is composed of 2 types of skills: general skills
that includetraditional literacy (reading, writing, and numeracy),
medialiteracy (mediaanalysis skills), and information literacy
(information seeking and understanding) as well as specific
skills that include computer literacy (1T skills), health literacy
(health knowledge comprehension), and science literacy
(scientific processes and outcomes) [26,55]. Learning abilities,
eHedlth literacy level, and technol ogical skillsof FUsareclosely
related; it is, therefore, difficult to distinguish the respect of
each separate element. From an operational perspective, eHealth
literacy assessment could include technological skills as well
as, perhaps, learning abilities.

If we had to map the conversion factorsto be considered in the
development of an eHealth tool to date, here is what it would
look like (Figure 5).
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Figure5. Relationship between conversion factors.
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The participation of the FU would be the central conversion
factor that allowstheintegration of the other conversion factors.
Learning abilitieswould likely be anintegral part of the concept
of eHedlth literacy. However, the risk associated with this
integration would be to |eave out the findings generated by the
project from the perspective of education and cognitive science
about learning in the digital context. The interconnectedness of
access to technology, technological skills, and eHealth literacy
may raise questions about whether these conversion factors are
all necessary or whether they could be functionally grouped
under a single concept. However, similar to learning abilities,
therewould be arisk of losing all the knowledge related to these
concepts, each of which could be the subject of future research.

Scientific Quality of the Study

The rigorous approach of this study is based on the scientific
quality criteriaidentified by Gubaand Lincoln [56] for thefield
of qualitative studies.

Credibility and Dependability

To ensure the credibility and dependability of the study, data
collection was spread over aperiod of 1.5 yearsand it involved
a variety of participants (caregivers, community workers,
HSSPs, and research team members) having various profiles
(gender, age, comfort level with technology, etc). In addition,
various data were collected from the recordings of the
preparation, co-design, and debriefing sessions. The consistency
between data and results is supported by the supervision of 2
researchers (the author's thesis supervisors), one of whom was
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not involved with the project. The reader was invited to judge
the consistency between the verbatim excerpts and the results
presented. In addition, the links between the data (synthesis
documents) and the coding (deductive and inductive) were also
made available to the supervisors. Finadly, the synthesis
documents were verified by theoretical triangulation and by
researchers (KL and MC).

Transferability

Transferability was ensured by producing as complete a
description as possible of the contexts related to the research
process, including the profile of the participants. The reader
will, thus, be able to determine the degree of transferability of
the results of this research in other contexts.

Dependability and Confirmability

Thefirst author (KL) used areflective approach by highlighting
her preconceived ideas, participating in each debriefing meeting,
and adding comments to the documents.

Limitations

Thisstudy has somelimitations. Asaready mentioned, cultural
diversity could not be represented through co-designers, which
limited the possibility of studying the conversion factor in
relation to the cultural context. In addition, the caregivers who
participated as co-designerswere mostly retirees and hence not
representative of caregiversamong the active population. These
caregiverscould haveinfluenced the study of conversion factors
related to the help-seeking process, technological competence,
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and eHealth literacy. Similarly, most of the caregiversrecruited
were already service users. Caregivers at the beginning of the
help-seeking process could also have contributed to the study
of the process-related conversion factor. Although in line with
Quebec statistics, where the majority of caregivers are women
(approximately 58%) [57], asisthe casefor community workers
(approximately 80%) [58] and headth service providers
(approximately 64%) [59], there was no variability regarding
gender in our sample. It ispossible that greater gender diversity
could have influenced the occurrence of conversion factors.
Another limitation, and recommendation, for those who wish
to develop an eHedth tool with conversion factors is the
participation of information technol ogy resources, programmers,
and so on as co-designers and team members. Thiswould help
them to become familiar with the viewpoint of other
co-designerssuch ascaregivers. It would also allow co-designers
to better explore the various possibilities offered by
functionalities to meet the needs of the caregivers. However,
the sharing of decision-making power in such a context will
need to be rigorously monitored.

Finaly, the evolving nature of the project related to the
development of an eHealth tool and the inherent chronology
meant that data saturation was not obtained for each of the
conversion factors. However, this was anticipated given the
exploratory nature of this project.

Benefits of the Project

This project contributed to the empirical exploration of 7
conversion factors and to the modeling of the relationship among
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them. Bonvin and Farvaque [13] argued that the link between
resources (capital) and capabilities (ie, conversion factors and
free choice) is poorly developed by Sen and requires more
empirical exploration. Thus, athough the strength of the
capability approach is to capture social injustice, it provides
little evidence as to how to practically address social injustice
in communities [60]. This point is also supported by Lorgelly
[61], Bonvin [62], and Kleine [63], who pointed out the absence
of amodus operandi (planning, implementation, and evaluation).
Thus, this project has contributed to operationalizing Sen’s
theoretical framework of social justice in adigital context and
further devel oping the concept of conversion factors.

Conclusions

Conversion factors can be integrated into the development of
eHealth tools that are intended to be inclusive and contribute
to the reduction of SHIs by integrating the participation of FUs
into the design of the tool. However, there is currently no way
for the devel opers of the eHealth tool to rapidly and effectively
ascertain whether these conversion factors are well integrated
into the development of their tool. The growing development
of eHealth around the world, especiadly in this time of a
pandemic, and the governments commitment to combating
SHI's provide a unique opportunity to reflect on good practices
for an inclusive and healthy digital society. To pursue this
reflection, it will be important to identify empirical indicators
that can measure these integration factors during and after
eHealth tool development and guide devel opersin the designing
of inclusive eHealth tools and educational technology that
genuinely contribute to reducing SHIs.

The authors would like to thank Age-Well, FRQS-SRAP Support Unit, and the Centre de recherche en santé durable - VITAM
for their financial support during the principal author’sdoctoral studies. The authors also thank the Centre of Excellenceon Aging
in Quebec City for their financial support for the publication of this paper.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Conversion factors over time.
[PNG File, 121 KB - humanfactors v7i3e18120 appl.png ]

References

1.  Hyppolite S. Comprendre Et Agir Autrement Pour Viser L'équité en Santé Dans La Région De La Capitale-nationale,
Rapport Du Directeur Régional De Santé Publique Sur Lesinégalités Sociales De Santé. Ciusss De La Capitale-Nationale.

2012. URL: http://www.ciusss-capital enational e.gouv.gc.calsites/defaul t/fil es/rapportiss_versionintegrale.pdf [accessed

2020-02-04]

2. Latulippe K, Hamel C, Giroux D. Socia health inequalities and ehealth: aliterature review with qualitative synthesis of
theoretical and empirical studies. JMed Internet Res 2017 Apr 27;19(4):€136 [FREE Full text] [doi: 10.2196/jmir.6731]

[Medline: 28450271]

3. Reinwand DA, Schulz DN, Crutzen R, Kremers SP, de Vries H. Who follows ehealth interventions as recommended? A
study of participants personal characteristics from the experimental arm of arandomized controlled trial. JMed Internet
Res 2015 May 11;17(5):€115 [FREE Full text] [doi: 10.2196/jmir.3932] [Medline: 25963607]

http://humanfactors.jmir.org/2020/3/€18120/

JMIR Hum Factors 2020 | vol. 7 | iss. 318120 | p.91
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=humanfactors_v7i3e18120_app1.png&filename=6bd6ebe77f1ba0bb92de4068752970bb.png
https://jmir.org/api/download?alt_name=humanfactors_v7i3e18120_app1.png&filename=6bd6ebe77f1ba0bb92de4068752970bb.png
http://www.ciusss-capitalenationale.gouv.qc.ca/sites/default/files/rapportiss_versionintegrale.pdf
https://www.jmir.org/2017/4/e136/
http://dx.doi.org/10.2196/jmir.6731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28450271&dopt=Abstract
https://www.jmir.org/2015/5/e115/
http://dx.doi.org/10.2196/jmir.3932
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25963607&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Latulippe et al

4.  Viswanath K, McCloud R, Minsky S, Puleo E, Kontos E, Bigman-Galimore C, et al. Internet use, browsing, and the urban
poor: implications for cancer control. J Natl Cancer Inst Monogr 2013 Dec;2013(47):199-205 [FREE Full text] [doi:
10.1093/jncimonographs/Igt029] [Medline: 24395992]

5. McAuley A. Digita health interventions: widening access or widening inequalities? Public Health 2014
Dec;128(12):1118-1120. [doi: 10.1016/j.puhe.2014.10.008] [Medline: 25458115]

6. Bédl AV. 'l think about Oprah': social class differencesin sources of health information. Qual Health Res 2014
Apr;24(4):506-516. [doi: 10.1177/1049732314524637] [Medline: 24623661]

7. Feng, XieW. Digital divide 2.0: therole of socia networking sitesin seeking health information online from alongitudinal
perspective. J Health Commun 2015;20(1):60-68. [doi: 10.1080/10810730.2014.906522] [Medline: 25119019]

8.  Mufoz RF. Using evidence-based internet interventions to reduce health disparities worldwide. JMed Internet Res 2010
Dec 17;12(5):e60 [FREE Full text] [doi: 10.2196/jmir.1463] [Medline: 21169162]

9. Huxley CJ, Atherton H, Watkins JA, Griffiths F. Digital communication between clinician and patient and the impact on
marginalised groups: arealist review in general practice. Br J Gen Pract 2015 Dec;65(641):e813-e821 [FREE Full text]
[doi: 10.3399/bjgp15X687853] [Medline: 26622034]

10. Sen A. Repenser I'inégalité. Paris, France: Editions du Seuil; 2000.

11. Picard F, Pilote A, Turcotte M, Goastellec G, Olympio N. Opérationnaliser lathéorie de lajustice sociale d' Amartya Sen
au champ de I’ orientation scolaire : les apports d’ une étude multicas qualitative et comparative. Mesure et Evaluation en
Education 2016 May 13;37(3):5-37. [doi: 10.7202/1036326ar]

12. Chiappero-Martinetti E, Venkatapuram S. The capability approach: aframework for population studies. Afr Pop Stud 2014
Sep 2;28(2):708. [doi: 10.11564/28-2-604]

13. Borwin J, Farvague N. Amartya Sen: Une Politique de la Liberté. Paris, France: Michalon; 2008.

14. Nussbaum M. Capabilités : Comment Créer les Conditions d'un Monde Plus Juste. Paris, France: Climats; 2012.

15. Bucki B. LaCapahilité De Santé Des Aidants Familiaux: Analyses Du Paradigme Et Pistes D’ opérationnalisation. Université
deLorraine. 2014. URL: https://hal .univ-lorraine.fr/tel-01751197/document [accessed 2020-02-04]

16. ZhengY, Walsham G. Inequality of what? Social exclusion in the e - society as capability deprivation. Inf Technol People
2008 Aug 22;21(3):222-243. [doi: 10.1108/09593840810896000]

17. Portrait Numérique Des Foyers Québécois. Cefrio. 2018. URL.: https://cefrio.gc.ca/media/2015/
netendances?018-portraitnumeriquefoyersquebecois.pdf [accessed 2020-02-04]

18. Internet et les Technologies Numériques. Statistics Canada. 2017. URL: https://www150.statcan.gc.ca/nl/pub/11-627-m/
11-627-m2017032-fra.htm [accessed 2020-02-04]

19. Internet Usage Statistics: The Internet Big Picture - World Internet Users and 2020 Population Stats. Internet World Stats.
2019. URL: https://www.internetworldstats.com/stats.htm [accessed 2020-02-04]

20. Régions Branchées. Ministére de I'Economie et de L'Innovation - Québec. 2019. URL : https://www.economie.gouv.qc.ca/
bibli otheques/programmes/ai de-fi nanci ere/quebec-haut-debit/appel -de-proj ets-regions-branchees/ [accessed 2020-02-04]

21. Beacom AM, Newman SJ. Communicating health information to disadvantaged populations. Fam Community Health
2010;33(2):152-162. [doi: 10.1097/FCH.0b013e3181d59344] [Medline: 20216358]

22. Familles Branchées. Innovation, Science and Economic Development Canada. 2019. URL: https.//www.ic.gc.caleic/site/
111 .nsf/fralaccueil [accessed 2020-02-04]

23. Baur C. An analysis of factors underlying e-health disparities. Camb Q Healthc Ethics 2008;17(4):417-428. [doi:
10.1017/S0963180108080547] [Medline: 18724881]

24. Norman CD, Skinner HA. eHealth literacy: essential skillsfor consumer health in a networked world. J Med Internet Res
2006 Jun 16;8(2):€9 [FREE Full text] [doi: 10.2196/jmir.8.2.€9] [Medline: 16867972]

25. Bodie GD, Dutta MJ. Understanding health literacy for strategic health marketing: eHealth literacy, health disparities, and
the digital divide. Health Mark Q 2008;25(1-2):175-203. [doi: 10.1080/07359680802126301] [Medline: 18935884]

26. CollinsSA, CurrieLM, Bakken S, Vawdrey DK, Stone PW. Health literacy screening instruments for eHealth applications:
asystematic review. JBiomed Inform 2012 Jun;45(3):598-607 [ FREE Full text] [doi: 10.1016/j.jbi.2012.04.001] [Medline:
22521719]

27. Cadre De Référence De La Compétence Numérique. Ministére deI'Education et de I'Enseignement Supérieur. 2019. URL:
http://www.education.gouv.gc.calfileadmin/site web/documents/ministere/Cadre-reference-competence-num.pdf [accessed
2020-02-04]

28. Compétences Numériques Des Adultes Québécois. Cefrio. URL: https://cefrio.qc.ca/media/1213/
netendances 2016-competences-numeriques-des-adultes-quebecois.pdf [accessed 2020-02-04]

29. Davidson J, Schimmele C. Evolving Internet Use Among Canadian Seniors. Statistics Canada. 2019. URL: https://www2150.
statcan.gc.ca/nl/en/pub/11f0019m/11f0019m2019015-eng.pdf ?st=ek8eZm6H [accessed 2020-02-04]

30. Bowen D, Meischke H, Bush N, Wooldridge J, Robbins R, Ludwig A, et al. Predictors of women'sinternet access and
internet health seeking. Health Care Women Int 2003 Dec;24(10):940-951. [doi: 10.1080/07399330390244130] [Medline:
14742131]

31. LinW, Zhang X, Song H, Omori K. Corrigendum to ‘health information seeking in the web 2.0 age: trust in social media,
uncertainty reduction, and self-disclosure’. Comput Hum Behav 2016 Aug;61:690. [doi: 10.1016/j.chb.2016.01.040]

http://humanfactors.jmir.org/2020/3/e18120/ JMIR Hum Factors 2020 | vol. 7 | iss. 3 |e18120 | p.92

(page number not for citation purposes)


http://europepmc.org/abstract/MED/24395992
http://dx.doi.org/10.1093/jncimonographs/lgt029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24395992&dopt=Abstract
http://dx.doi.org/10.1016/j.puhe.2014.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25458115&dopt=Abstract
http://dx.doi.org/10.1177/1049732314524637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24623661&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2014.906522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25119019&dopt=Abstract
https://www.jmir.org/2010/5/e60/
http://dx.doi.org/10.2196/jmir.1463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21169162&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=26622034
http://dx.doi.org/10.3399/bjgp15X687853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26622034&dopt=Abstract
http://dx.doi.org/10.7202/1036326ar
http://dx.doi.org/10.11564/28-2-604
https://hal.univ-lorraine.fr/tel-01751197/document
http://dx.doi.org/10.1108/09593840810896000
https://cefrio.qc.ca/media/2015/netendances2018-portraitnumeriquefoyersquebecois.pdf
https://cefrio.qc.ca/media/2015/netendances2018-portraitnumeriquefoyersquebecois.pdf
https://www150.statcan.gc.ca/n1/pub/11-627-m/11-627-m2017032-fra.htm
https://www150.statcan.gc.ca/n1/pub/11-627-m/11-627-m2017032-fra.htm
https://www.internetworldstats.com/stats.htm
https://www.economie.gouv.qc.ca/bibliotheques/programmes/aide-financiere/quebec-haut-debit/appel-de-projets-regions-branchees/
https://www.economie.gouv.qc.ca/bibliotheques/programmes/aide-financiere/quebec-haut-debit/appel-de-projets-regions-branchees/
http://dx.doi.org/10.1097/FCH.0b013e3181d59344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20216358&dopt=Abstract
https://www.ic.gc.ca/eic/site/111.nsf/fra/accueil
https://www.ic.gc.ca/eic/site/111.nsf/fra/accueil
http://dx.doi.org/10.1017/S0963180108080547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18724881&dopt=Abstract
https://www.jmir.org/2006/2/e9/
http://dx.doi.org/10.2196/jmir.8.2.e9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16867972&dopt=Abstract
http://dx.doi.org/10.1080/07359680802126301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18935884&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(12)00054-8
http://dx.doi.org/10.1016/j.jbi.2012.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22521719&dopt=Abstract
http://www.education.gouv.qc.ca/fileadmin/site_web/documents/ministere/Cadre-reference-competence-num.pdf
https://cefrio.qc.ca/media/1213/netendances_2016-competences-numeriques-des-adultes-quebecois.pdf
https://cefrio.qc.ca/media/1213/netendances_2016-competences-numeriques-des-adultes-quebecois.pdf
https://www150.statcan.gc.ca/n1/en/pub/11f0019m/11f0019m2019015-eng.pdf?st=ek8eZm6H
https://www150.statcan.gc.ca/n1/en/pub/11f0019m/11f0019m2019015-eng.pdf?st=ek8eZm6H
http://dx.doi.org/10.1080/07399330390244130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14742131&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2016.01.040
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Latulippe et al

32. GrossA, Forget M, St GeorgeK, Fraser MM, Graham N, Perry L, et al. Patient education for neck pain. Cochrane Database
Syst Rev 2012 Mar 14(3):CD005106. [doi: 10.1002/14651858.CD005106.pub4] [Medline: 22419306]

33. Boekaerts M. Motivation et émotion: deux piliers de I'apprentissage en classe. In; Dumont H, Istance D, Benavides F,
editors. Comment Apprend-on? La Recherche Au Service De LaPratique. Paris, France: Centre Pour La Recherche; 2010.

34. Bransford J, Brown A, Cocking R. How People Learn. California State University, Northridge (CSUN). 2000. URL : http:/
/www.csun.edu/~SB4310/How%20Peopl €%20L earn.pdf [accessed 2020-02-04]

35. Mayer R. Apprentissage et technologie. In: Dumont H, Istance D, Benavides F, editors. Comment apprend-on? Larecherche
au service de la pratique. Paris, France: Centre pour larecherche et I'innovation dans I'enseignement de I'OCDE; 2010.

36. Bacigalupe G, Askari SF. E-health innovations, collaboration, and healthcare disparities: devel oping criteriafor culturally
competent evaluation. Fam Syst Health 2013 Sep;31(3):248-263. [doi: 10.1037/a0033386] [Medline: 24059273]

37. Bhandari N, Shi Y, Jung K. Seeking health information online: does limited healthcare access matter? JAm Med Inform
Assoc 2014;21(6):1113-1117 [FREE Full text] [doi: 10.1136/amiajnl-2013-002350] [Medline: 24948558]

38. LatulippeK, Guay M, Ethier S, Sévigny A, Dubé V, Provencher V, et al. Supporting the process of help-seeking by
caregivers of functionally dependent older persons through electronic health: protocol for a multicenter co-design. IMIR
Res Protoc 2019 Apr 26;8(4):€11634 [FREE Full text] [doi: 10.2196/11634] [Medline: 31025956]

39. Creswell J. A Concise Introduction to Mixed Methods Research. Thousand Oaks, CA: Sage Publications; 2015.

40. MilesM, Huberman A. Analyse Des Données Qualitatives. Paris, France: de Boeck Supérieur; 2003.

41. Fortin MF, Gagnon J. Fondements Et Etapes Du Processus De Recherche. Montréal: Cheneliére éducation; 2016.

42. Creswell J, Clark V. Designing and Conducting Mixed Methods Research. Thousand Oaks, CA: Sage Publications; 2007.

43. Bucki B, Spitz E, Etienne A, Le Bihan E, Baumann M. Health capability of family caregivers: how different factors
interrelate and their respective contributions using a Bayesian approach. BMC Public Health 2016 Apr 28;16:364 [FREE
Full text] [doi: 10.1186/s12889-016-3027-8] [Medline: 27125282]

44. Pinquart M, Sdrensen S. Differences between caregivers and noncaregivers in psychological health and physical health: a
meta-analysis. Psychol Aging 2003 Jun;18(2):250-267. [doi: 10.1037/0882-7974.18.2.250] [Medline: 12825775]

45. Vitaliano PP, Zhang J, Scanlan JM. Is caregiving hazardous to one's physical health? A meta-analysis. Psychol Bull 2003
Nov;129(6):946-972. [doi: 10.1037/0033-2909.129.6.946] [Medline: 14599289]

46. Cardina L, LangloisM, Gagné D, Tourigny A. Perspectives Pour Un Vieillissement en Santé : Proposition D'un Modéle
Conceptuel. Réseau Santécom. URL : http://www.santecom.qc.ca/bibliothequevirtuelle/hyperion/1169.pdf [accessed
2020-02-04]

47. Adelman RD, TmanovalL, Delgado D, Dion S, Lachs MS. Caregiver burden: aclinical review. JAm Med Assoc 2014
Mar 12;311(10):1052-1060. [doi: 10.1001/jama.2014.304] [Medline: 24618967]

48. Black BS, Johnston D, Rabins PV, Morrison A, Lyketsos C, Samus QM. Unmet needs of community-residing personswith
dementiaand their informal caregivers: findings from the maximizing independence at home study. J Am Geriatr Soc 2013
Dec;61(12):2087-2095 [ FREE Full text] [Medline: 24479141]

49. Robinson KM, Buckwalter K, Reed D. Differences between dementia caregiverswho are users and nonusers of community
services. Public Health Nurs 2013;30(6):501-510. [doi: 10.1111/phn.12041] [Medline: 24579710]

50. YinR. Qualitative Research from Start to Finish. New York, USA: Guilford Publications; 2016.

51. Giroux D, Tremblay M, Latulippe K, Provencher V, Poulin V, Giguere A, et al. Promoting identification and use of aid
resources by caregivers of seniors: co-design of an electronic health tool. IMIR Aging 2019 Aug 22;2(2):€12314 [FREE
Full text] [doi: 10.2196/12314] [Medline: 31518284]

52. MilesM, Huberman A, SaldanaJ. Qualitative DataAnalysis: A Methods Sourcebook. Thousand Oaks, CA: Sage Publications;
2013.

53. MAXQDA. URL: https://www.maxgda.com [accessed 2020-02-04]

54. Gilmore-Bykovskyi A, Johnson R, Walljasper L, Block L, Werner N. Underreporting of gender and race/ethnicity differences
in NIH-funded dementia caregiver support interventions. Am J Alzheimers Dis Other Demen 2018 May;33(3):145-152
[FREE Full text] [doi: 10.1177/1533317517749465] [Medline: 29281895]

55. Hernandez L. Health Literacy, EHealth, and Communication: Putting the Consumer First: Workshop Summary. New York,
USA: National Academic Press; 2009.

56. GubakE, Lincoln Y. Fourth Generation Evaluation. Thousand Oaks, CA: Sage Publications; 1989.

57. LesProches Aidantes Et Les Proches Aidants Au Québec. Conseil du Statut de la Femme. 2018. URL : https.//www.
csf.gouv.qc.ca/wp-content/uploads/por_proches aidants20180419 web.pdf [accessed 2020-02-04]

58. Pour Que Travailler Dans Le Communautaire Ne Rime Plus Avec Misere. Centre de Formation Populaire. 2005. URL:
http://lecfp.qc.ca/wp-content/uploads/2016/11/2005- Travail .pdf [accessed 2020-02-04]

59. Rapport Annuel De Gestion: du Ministére De La Santé Et Des Services Sociaux. Publications du Ministére de la Santé et
des Services Sociaux. 2017. URL: https://publications.msss.gouv.gc.ca/imsss/fichiers/2017/17-102-01W.pdf [accessed
2020-02-04]

60. Munger F, MacLeod T, Loomis C. Social change: toward an informed and critical understanding of social justice and the
capabilities approach in community psychology. Am J Community Psychol 2016 Mar;57(1-2):171-180. [doi:
10.1002/8jcp.12034] [Medline: 27217320]

http://humanfactors.jmir.org/2020/3/e18120/ JMIR Hum Factors 2020 | vol. 7 | iss. 318120 | p.93

(page number not for citation purposes)


http://dx.doi.org/10.1002/14651858.CD005106.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22419306&dopt=Abstract
http://www.csun.edu/~SB4310/How%20People%20Learn.pdf
http://www.csun.edu/~SB4310/How%20People%20Learn.pdf
http://dx.doi.org/10.1037/a0033386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24059273&dopt=Abstract
http://europepmc.org/abstract/MED/24948558
http://dx.doi.org/10.1136/amiajnl-2013-002350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24948558&dopt=Abstract
https://www.researchprotocols.org/2019/4/e11634/
http://dx.doi.org/10.2196/11634
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31025956&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3027-8
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3027-8
http://dx.doi.org/10.1186/s12889-016-3027-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27125282&dopt=Abstract
http://dx.doi.org/10.1037/0882-7974.18.2.250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12825775&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.129.6.946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14599289&dopt=Abstract
http://www.santecom.qc.ca/bibliothequevirtuelle/hyperion/1169.pdf
http://dx.doi.org/10.1001/jama.2014.304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24618967&dopt=Abstract
http://europepmc.org/abstract/MED/24479141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24479141&dopt=Abstract
http://dx.doi.org/10.1111/phn.12041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24579710&dopt=Abstract
https://aging.jmir.org/2019/2/e12314/
https://aging.jmir.org/2019/2/e12314/
http://dx.doi.org/10.2196/12314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31518284&dopt=Abstract
https://www.maxqda.com
http://europepmc.org/abstract/MED/29281895
http://dx.doi.org/10.1177/1533317517749465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29281895&dopt=Abstract
https://www.csf.gouv.qc.ca/wp-content/uploads/por_proches_aidants20180419_web.pdf
https://www.csf.gouv.qc.ca/wp-content/uploads/por_proches_aidants20180419_web.pdf
http://lecfp.qc.ca/wp-content/uploads/2016/11/2005-Travail.pdf
https://publications.msss.gouv.qc.ca/msss/fichiers/2017/17-102-01W.pdf
http://dx.doi.org/10.1002/ajcp.12034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27217320&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Latulippe et al

61. Lorgelly PK. Choice of outcome measure in an economic evaluation: a potential role for the capability approach.
Pharmacoeconomics 2015 Aug;33(8):849-855. [doi: 10.1007/s40273-015-0275-x] [Medline: 25862464]

62. BonvinJ, FarvaqueN. L' accésa |’ emploi au prisme des capabilitésl, enjeux théoriques et méthodol ogiques. Revue Francaise
De Sciences Sociales 2007(98):9-22.

63. KleineD. Thecapability approach and the * medium of choice’ : stepstowards conceptualising information and communication
technologies for devel opment. Ethics Inf Technol 2010 Oct 13;13(2):119-130. [doi: 10.1007/s10676-010-9251-5]

Abbreviations

FU: future user

HSSP: health and social service professional

QADA: Québec ami des ainés (Age-Friendly Quebec Program).
SHI: social health inequality

Edited by G Eysenbach; submitted 04.02.20; peer-reviewed by M Welbie, M Lavin; comments to author 30.03.20; revised version
received 31.03.20; accepted 14.05.20; published 26.08.20.

Please cite as:

Latulippe K, Hamel C, Giroux D

Integration of Conversion Factors for the Development of an Inclusive eHealth Tool With Caregivers of Functionally Dependent
Older Persons: Social Justice Design

JMIR Hum Factors 2020;7(3):€18120

URL.: http://humanfactors.jmir.org/2020/3/e18120/

doi:10.2196/18120

PMID: 32845242

©Karine Latulippe, Christine Hamel, Dominique Giroux. Originally published in JMIR Human Factors
(http://humanfactors,jmir.org), 26.08.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Human Factors, is properly cited. The complete bibliographic
information, alink to the original publication on http://humanfactors.jmir.org, as well as this copyright and license information
must be included.

http://humanfactors.jmir.org/2020/3/e18120/ JMIR Hum Factors 2020 | vol. 7 | iss. 3 |€18120 | p.94
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1007/s40273-015-0275-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25862464&dopt=Abstract
http://dx.doi.org/10.1007/s10676-010-9251-5
http://humanfactors.jmir.org/2020/3/e18120/
http://dx.doi.org/10.2196/18120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32845242&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS Andrade et &

Review

Novel Interface Designs for Patient Monitoring Applications in
Critical Care Medicine: Human Factors Review

Evismar Andrade™?, BSc; Leo Quinlan®®, PhD; Richard Harte*?, PhD; Dara Byrne*®, MD; Enda Fallon®, MEngSc;
Martina Kelly®, PhD; Siobhan Casey’, MSc; Frank Kirrane®, MSc; Paul O'Connor*®, PhD; Denis O'Hora’, PhD:
Michael Scully'®**, MD; John Laffey’®™, MD; Patrick Pladys'*"*, PhD, MD; Alain Beuchée'>**, MD, PhD; Gear6id
OLaighin™? PhD

Electrical & Electronic Engineering, School of Engineering, National University of Ireland, Galway, Galway, Ireland

2Human Movement Laboratory, CURAM Centre for Research in Medical Devices, National University of Ireland, Galway, Galway, Ireland
3Physiology, School of Medicine, National University of Ireland, Galway, Gaway, Ireland

4General Practice, School of Medicine, National University of Ireland, Galway, Galway, Ireland

Slrish Centre for Applied Patient Safety and Simulation, University Hospital Galway, Galway, Ireland

Mechanical Engineering, School of Engineering, National University of Ireland, Galway, Galway, Ireland

"Intensive Care Unit, University Hospital Galway, Galway, Ireland

8University Hospital Galway, Galway, Ireland

9school of Psychology, National University of Ireland, Galway, Galway, Ireland

10Anaesthesia, School of Medicine, National University of Ireland, Galway, Galway, Ireland

11Department of Anaesthesia& Intensive Care Medicine, National University of Ireland, Galway, Galway, Ireland

Lcentre Hospitalier Universitaire de Rennes (CHU Rennes), Rennes, France

Braculté de Médicine de I’ Université de Rennes, Rennes, France

Corresponding Author:

Leo Quinlan, PhD

Human Movement Laboratory
CURAM Centre for Research in Medical Devices
National University of Ireland, Galway
Alice Perry Engineering Building
University Road

Gaway

Ireland

Phone: 353 91493710 ext 3710

Email: |eo.quinlan@nuigalway.ie

Abstract

Background: The patient monitor (PM) is one of the most commonly used medical devices in hospitals worldwide. PMs are
used to monitor patients’ vital signsin awide variety of patient care settings, especialy in critical care settings, such as intensive
care units. An interesting observation is that the design of PMs has not significantly changed over the past 2 decades, with the
layout and structure of PMs more or less unchanged, with incremental changesin design being made rather than transformational
changes. Thus, we believe it well-timed to review the design of novel PM interfaces, with particular reference to usability and
human factors.

Objective: This paper aimsto review innovationsin PM design proposed by researchers and explore how clinicians responded
to these design changes.

Methods: A literature search of relevant databases, following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines, identified 16 related studies. A detailed description of the interface design and an analysis of each
novel PM were carried out, including a detailed analysis of the structure of the different user interfaces, to inform future PM
design. The test methodologies used to evaluate the different designs are also presented.

Results: Most of the studiesincluded in this review identified some level of improvement in the clinician’s performance when
using anovel display in comparison with the traditional PM. For instance, from the 16 reviewed studies, 12 studiesidentified an
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improvement in the detection and response times, and 10 studiesidentified an improvement in the accuracy or treatment efficiency.
This indicates that novel displays have the potential to improve the clinical performance of nurses and doctors. However, the
outcomes of some of these studies are weakened because of methodological deficiencies. These deficiencies are discussed in
detail in this study.

Conclusions. More careful study design is warranted to investigate the user experience and usability of future novel PMs for

real time vital sign monitoring, to establish whether or not they could be used successfully in critical care. A series of
recommendations on how future novel PM designs and eval uations can be enhanced are provided.

(IMIR Hum Factors 2020;7(3):€15052) doi:10.2196/15052

KEYWORDS
interface design; usability; situation awareness; graphical display; satisfaction; response time; accuracy; anesthesiology; critical
care; performance; ecological display

: values element, on the other hand, represents the calculated
Introduction value for each parameter in a numeric format and these values
The patient monitor (PM) is one of the most commonly used &€ continuously updated every few seconds or milliseconds,
medical devicesin hospitals. It isused to monitor patients vita depending on the parameter. However, not &l monitored
signs in a wide range of patient care environments, A typical Parameters are displayed in both waveform and numeric form.
PM interface is composed of two main elements: thewaveform FOr instance, noninvasive blood pressure (NIBP) is not
and the numerical values of the monitored parameters (Figure ~Continuously measured; hence, only the numerical value is
1). The waveform element displaysthe analog signals for each ~ Presented, and thisreading is updated every timethis vital sign
parameter for a few seconds in a line graph. The numerical 1S Measured according to clinical requirements.

Figure 1. Example of acommercial patient monitor interface (Philips IntelliVue MX series). Each vital sign is color-coded (waveforms and numerical
values). Depending on the make and model, additional information might also be displayed alongside the numerical values (eg, configured alarm limits
and previous values for noninvasive blood pressure as seen in the image). The image was added with the permission of Philips. ABP: arterial blood
pressure; awRR: airway respiratory rate; CPP: cerebral perfusion pressure; CVP: central venous pressure; etCO,: end-tidal carbon dioxide; HR: heart
rate; |CP: intracranial pressure; NBP: noninvasive blood pressure; PAP: pulmonary artery pressure; SpO,: blood oxygen saturation; Tcore: core
temperature; Tskin: skin temperature.

The colors of the waveforms match Important notifications are typically displayed
the colors of the numeric values. on the top right area of the monitor. ]

2 ALARMS OFF

60 ®60

05 2.1

28/15 21)
(9)

A mesasasasaa ‘28 17
123/_7?% (89) 3/0 3/.0

NO patent admited n MK wTh patent NOm monior

Not all monitored parameters Each variable has corresponding alarm limits
have a corresponding waveform. that are displayed beside the numeric value.
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The context in which PMs are used includes any clinica
environment in which clinical caregivers provide critical care
to patients. Such environments include the intensive care unit
(ICU), emergency department, operating room (OR), cardiology
unit, and during the transportation of a patient. Within these
contexts of use, regular assessment of vital signsis crucia to
identify patients at risk of serious adverse events as early as
possible. During an anesthesia procedure, for example, the
anesthesiol ogist needsto be ableto quickly identify the changes
in vital signs, whereas, in the ICU, if any of the vital signs
become abnormal, nurses need to be immediately warned. In
both cases, any delay in providing appropriate care or in making
aclinical decision might result in severe consequences for the
patient.

In such contexts of use, it is not uncommon for the primary
usersof aPM (nurses and doctors) to be under extreme pressure
in terms of time, cognitive workload, and stress [1,2]. Correct
decisions related to patient care based on information provided
by the PM may need to be made in a short time. Coupled with
this is the prevalence of work-related fatigue in these
environments, which may increase the risk of use error when
interacting with the PM [3]. For this reason, novel PMs need
to reach the highest standards in usability and human factors,
thereby facilitating enhanced user interaction and preventing
potential risks related to use error. Good usability in medical
device designis essential in avoiding potential risks associated
with use error, as evidenced by the publication of standards
documents such as|EC 62366-1/2, ANSI/AAMI HE75 and SO
9241-210 210 [4-6]. HE75 makes frequent reference to the
importance of usability engineering in the design of PMs.

Andrade et al

Usability is defined in 1SO 9241-210 (section 2.13) as 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” [6].
The study of human factors (section 2.5) is defined as “the
scientific discipline concerned with the understanding of
interactions among human and other elements of a system, and
the profession that appliestheory, principles, dataand methods
to design to optimize human well-being and overall system
performance” [6].

Given the importance of the decisions made in the critical care
environment in responseto displayed vital signs, itisimperative
that PMs display the required information in a user-friendly
manner to enable clinicians to fully comprehend the patient’s
status. This level of comprehension will be referred to in this
work as situation awareness (SA). According to Endsley [7],
“Situation awareness is the perception of the elements in the
environment within a volume of time and space, the
comprehension of their meaning, and the projection of their
status in the near future” The concept of SA applies to many
mission-critical tasks in various fields (eg, aviation, nuclear
power plants, military combat systems, etc). In the context of
using PMsin critical care medicine, SA level 1 (perception) is
associated with the ability of the user to perceive the changes
in vital signs; SA level 2 (comprehension) is associated with
the ability of the user to understand the patient’s state based on
the vital signs, and SA level 3 (projection) is associated with
the ability of the user to predict the patient’s future state based
on the current state. The flow of the SA process is illustrated
in Figure 2.

Figure 2. Part of the situation awareness model in dynamic decision making presented by Endsley (1995). This reflects how situation awareness

influences decision making.

Situation awareness

Perception of
elements in
current situation

Comprehension of
current situation

Level 2

Level 1

By fulfilling user requirements related to usability and SA,
designers can significantly increase the chances of anovel PM
being adopted by end users. However, there are natural barriers
to the adoption of new technol ogies that need to be considered.
For instance, familiarity with conventional monitoring tools
and uncertainty about the novel PM are forces that contribute
to the reluctance of clinicians to adopt a new approach.
Therefore, for a new PM to be adopted, end users need to
identify considerable benefits that the PM can deliver, in

https://humanfactors.jmir.org/2020/3/€15052
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conjunction with a low burden of adoption [8]. Inherent in
critical care medicine and PM design, in particular, is a high
resistance to design changes by clinicians. This reluctance is
based on their concern that changes to the status quo in terms
of PM design can result in an increased risk of clinical errors
[8]. This balance of forces, involved in the adoption of a new
PM, isillustrated in Figure 3, which is adapted from a concept
presented by Maurya (2017) in The Science of How Customers
Buy Anything [9].
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Figure 3. Balance of forces acting on the decision making of the clinicians when deciding whether to adopt a novel patient monitor for critical care or

continue using the conventional patient monitor .
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The specific aims of this paper areto review innovationsin PM
design proposed by researchers and to explore how clinicians
responded to these new designs with a focus on usability and
SA. The ultimate goal of this review was to review the design
of new PM devices, designed to deliver improved usability and
SA for nurses and doctors and hence the reduced likelihood of
use error—induced risksto patients [10].

Methods

Article Selection

The literature search included data up to June 2019 with no
cutoff on the start date. Search terms were chosen to reflect the

review focus. The article selection was conducted in 2 phases:
an initial search based on the Preferred Reporting Items for
Systematic Reviewsand Meta-Analyses (PRISMA) guidelines,
followed by a search of the references within each of the
previously identified papers. The PRISMA guidelines were
used to identify relevant studies. The search was conducted with
7 relevant databases (Scopus, |EEE Xplore, PubMed, Science
Direct, CINAHL, Cochrane Library, and Engineering Village)
using the search terms presented in Textbox 1. Articles were
further excluded after title, abstract, and full paper analysis by
members of the multidisciplinary team. The papersincluded in
thisreview were analyzed using a narrative synthesis approach.

Textbox 1. Search terms used in the database search. The search terms are grouped into 3 categories: patient monitor, usability, and hospital settings.

monitor*” OR “physiologic* display”
AND

“interface design”

AND

OR “neurology” OR “oncology” OR “obstetrics”

Patient_Monitor: “ patient monitor” OR “patient display” OR “vital sign* monitor” OR “vital sign* display” OR “monitor* display” OR “physiologic*

Usability: “human factor*” OR “usability” OR “ergonomic*” OR “human error” OR “UX” OR “user experience” OR “interaction design” OR

Hospital_Setting: “hospital” OR “intensive care” OR “ICU” OR “critical care” OR “operating room” OR “emergency department” OR “ cardiology”

Inclusion and Exclusion Criteria

This review focused on the design and usability of prototype
devices from research laboratories that were designed to
overcome identified problems with commercial PMs. In this
regard, theinclusion and exclusion criteriafor thisreview were
asfollows:

«  Studies published in English appearing in peer-reviewed
academic sources.

«  Studiesthat include user testing, comparing the performance
and user experience of participants when using the novel
prototype display and the traditional monitoring equipment.

https://humanfactors.jmir.org/2020/3/€15052

RenderX

Studies that merely described the design of the prototype
were not included in the review.

«  The subjects participating in the experiment must be the
intended users of the device (eg, ICU nurses or
anesthesiologists). Studies in which participants were not
the intended users (eg, undergraduate students) were not
included in this review.

«  Theprototype display and the devicesused as controls must
be designed for real-time physiological monitoring.
Therefore, novel prototypesthat were designed specifically
for trend and medical record analysis were not included.

« The prototype display must be a visual display designed
for critica care use. Novel wearable prototypes such as
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tactile, head-mounted, and smartwatch displays were not
included because this category of PM warrants a separate
literature review focusing on wearable PMs. In addition,
studiesin which the focuswasto test an enhanced algorithm
with no meaningful enhancement on the user interface were
not included.

Thesummary of the studiesreviewed is presented in Multimedia
Appendix 1. The selected studies were assessed regarding bias
risk using an adaptation of the well-established Cochrane
Collaboration tool for randomized controlled trialsand crossover
trials[11]. Theresultsfrom the quality assessment are presented
in Multimedia Appendix 2.

Table 1. Demographic characteristics of SEM survey respondents.

Andrade et al

Results

Table 1 provides a breakdown of the article search. Theinitial
database search (including title, abstract, and keywords) yielded
136 articles. After the removal of duplicates and filtering by
title, abstract, and full-text review, 10 itemswereincluded from
the PRISMA search, and 5 additional items were identified
during the reference search. Therefore, the final number of
publications incorporated for review was 16. A summary of
these publicationsis presented in Multimedia Appendix 1.

Database Patient_Monitor search results (Patient_Monitor search results) (Patient_Monitor search results) AND

AND (Usability search results) (Usahility search results) AND (Hospi-
tal_Setting search results)

Scopus 11,720 249 69

PubMed 32,029 190 62

IEEE Xplore 131 4 1

Science Direct 3396 123 8

Cumulative Index to Nursing & 333 8 3

Allied Health Literature

Cochrane Library 2928 14 8

Engineering Village 308 12 5

Number of publicationsidenti- 50,714 596 156

fied

Remaining publications after re- /a2 N/A 136

moving duplicates

Remaining publicationsafter title  N/A N/A 83

assessment

Remaining publicationsafter ab- N/A N/A 61

stracts assessment

Remaining publications after N/A N/A 10

full-text assessment

Additiona publicationsfoundby N/A N/A 6

references assessment

Publications included N/A N/A 16

3ot applicable.

Graphical and Integrated Displays

Graphical displays (GDs) are designed to integrate the discrete
vital signs from the PM into one or more multidimensional
objects to facilitate improved assimilation by the clinician of
the patient’'s current state [12]. The concept seeks to take
advantage of the natural human perception capability to detect
changes in shape and color and use this capability as a means
to convey relevant information effectively and efficiently. GDs
and ecological displays (EDs) have been studied for complex,
high risk, and data-rich environments such as commercia
aviation control and power plant management [13,14] before
theinvestigation of their use in health care.

Gurushanthaiah et a [15] performed one of the first studiesto
analyze the effect of GDs on patient monitoring performance.

https://humanfactors.jmir.org/2020/3/€15052

They did not develop a novel interface to enhance patient
monitoring; rather, the authors tested 3 different displays that
were available on acommercia anesthesiamachine, the Ohmeda
Modulus CD. The purpose of the study was to investigate with
which display format anesthesiologists would perform better
in terms of response time and accuracy. The displays tested
were the numeric, histogram, and polygon displays. In each
case, the displays monitored variables such as heart rate (HR),
arterial blood pressure (Art), NIBP, blood oxygen saturation
(SpO,), expired (end-tidal) partial pressure of carbon dioxide
(COy), and the percentage of inspired oxygen (O,).

The numeric display (Figure 4) is considered a conventional
display because each variable is presented in a numeric form
using the single-variable-single-indicator approach, as used in
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a traditional PM. The main differences between this numeric
display and the traditional PM are the arrangement of the
variables, the presence of waveforms, and the lack of
color-coding. Therefore, the user had to rely solely on the
numbers and |abel sto assimilate the information. The histogram
display also displayed the numeric values of the variablesasin
the numeric display; however, it also graphically presented the
variablesin theform of abobbin diding up and down on alinear
scale as the value of the variable changed (Figure 5).

The histogram display depicted 7 variablesin the form of scaled
linear tapes, where abobbin indicated the value of each variable
on the vertical scale. The bobbin moved up and down
proportionally on the linear scale as the value of the variable

Figure4. Numeric display (amodel of the concept presented in the paper).

Andrade et al

changed. The numeric valuefor each variablewas also displayed
directly below thelinear scale (Figure 5). In addition, the normal
range for each variable was represented by thedark regioninside
the graph. The polygonal display integrated 6 of the 7 variables
(excluding O,), with each of the 6 variables forming a vertex
of a hexagonal-type figure, occupying less space than the
histogram graph. At each vertex of the hexagon, abar indicated
the maximum and minimum values reached by the parameter.
Asthe variable changed value, the vertex moved along this bar.
The dotted lineindicated theideal valuefor thevariables; if the
variable exceeded or was less than this value, then the vertex
moved to a position where the resulting shape was a distorted
hexagon (Figure 6).
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Figure5. Histogram display (a model of the concept presented in the paper).
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Figure 6. Polygon display (amodel of the concept presented in the paper).

Andrade et al

Graphical object in the shape of a hexagon.
Each edge is distorted based on the values of
each variable, altering the shape of the object.

The “normal range” of
the variable is indicated
by the spokes.

Numeric value of HR.

Dashed line hexagon

representing the

“normal” state of the

patient for all NIBP mmn
variables.

Thus, the shape of the gray element in the display wasindicative
of the patient’s current state, and the users of theinterface would
be able to perceive the patient’s state based on the amount of
deviation of the gray hexagon shape from the dashed line
hexagon.

A total of 13 anesthesiaresidentsweretrained to use the displays
and were asked to test the 3 different simulated data
visualization formats. Participants were asked to indicate when
they noticed a change in the variables and if the change was an
increase or decrease in the variable value. It was observed that
the response time and accuracy were significantly higher when
the anesthesia residents used the graphic displays (histogram
and polygon) in comparison with the numeric format. Although
the order in which the displayswere exposed to each participant
was randomized, the randomization method was not detailed.
This makesit difficult to judge whether the results were biased
by carryover effects.

These positive results supported the use of GDs by
anesthesiologists. However, within a few years, the polygon
display option was removed from the next-generation Ohmeda
Modulus CD anesthesia machine, as only avery small number
of their customers used it. This finding motivated researchers
to query the reason for the reluctance of clinicians to adopt this
new approach. According to Drews and Westenskow [12], the
difficulty of new displays in having to overcome user inertia
could have contributed to the failure of the polygon display.
Thiskind of inertiais a natural barrier to the adoption of new
technology in critical care, where lives are at stake and users
are more comfortable working with tried and tested interfaces.
Another contributing factor may have been related to data
visualization difficulties. To create aregularly shaped polygon
when the patient’s state was normal, the spokes for each
monitored variable had to be scaled at equal lengths. With this
scaling, a significant change in one variable could be less
perceptible than asignificant changein another variable, thereby

https://humanfactors.jmir.org/2020/3/€15052
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creating a risk of an anesthesiologist missing a critical event
and putting the patient in danger [12]. This obvious usability
problem highlights the importance of user testing with
experienced end users who have a greater chance of flagging
such problems before a device isreleased in the market.

Michels et al [16] evaluated a custom-designed integrated GD
(IGD), designed for anesthesia monitoring. The IGD (depicted
in Figure 7) integrated not only the related variables from the
same device but also data from different devices such asaPM,
mechanical ventilator, and infusion pumps in a graphical
manner.

On first exposure, this display may look overwhelming to the
user because of the high number of variables presented on the
display. To alow the user to interpret the display more
efficiently, Michel et a [16] arranged the display elementsfrom
left to right based on the flow of gases and drugs through the
body. The idea behind this strategy wasto provide the clinician
with an intuitive visualization that mapped the display element
to the relevant human body system. The variables related to the
respiratory system, such asinspired and expired tidal volumes,
peak airway pressure, positive end—expiratory pressure (PEEP),
and respiratory rate, were displayed on the left side, followed
by cardiovascular, drug delivery, and fluid management
variables toward the right of the display (Figures 8 and 9,
respectively). In addition, color-coding was used for related
variables, as shown in Figure 9.

The displays depicted in Figures 7 and 8 illustrate a patient in
a headlthy state. However, the levels of some variables could
decrease or increase and exceed the threshold (vertically or
horizontally). The anesthesiologist was able to detect the
changes and abnormality of the parametersbased on the distance
of the actual levels of the variables from the threshold lines.
The representation of the display by Michel et al [16] monitoring
abnormal valuesis shown in Figure 10.
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Figure7. Michelset al (1997) display used to monitor 30 variables from arange of monitoring devices (a model of the concept presented in the paper).
This display represented a patient in anormal state with all variables in acceptable levelsincluding all Iabels, scales and units.

Control panel for the simulation. This includes buttons to start and stop the Images indicating
simulation, and buttons to hide or show labels, units, and scales. the  physiological
- system variables
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Figure 8. Respiratory system variables. The thresholds (represented by the black lines) for the vital signs and drug delivery indicating the acceptable
levels for these variables.
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Figure 9. The cardiovascular system variables had the same colors.
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Another graphical object was used to
combine stroke volume (SV) and heart
rate (HR). As a result, the object can be

<=

associated with cardiac output (CO).

Figure 10. Thedisplay by Michels et al showing abnormal monitoring values in the respiratory and cardiovascular systems (amodel of his concept).
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Ten anesthesi ol ogists were asked to monitor asimulated patient
in 4 different scenarios (blood loss, inadequate paralysis with
spontaneous ventilation, cuff leak, and depletion of sodalime).
Five anesthesiol ogists were asked to use the display by Michel
et a [16], and 5 anesthesiol ogists used an anesthesia simulator
(Body Simulation, Advanced Simulation Corporation)
simulating a traditional PM. The results of the testing varied
depending on the scenario used. For example, when parti cipants
used the IGD, the detection time was significantly shorter only
for 2 scenarios (inadequate paralysis and cuff leak) and accurate
event identification occurred significantly sooner only in 3
scenarios (blood loss, inadequate paralysis, and cuff leak).

This study demonstrated that | GDs have the potential to enhance
the response time of anesthesiologists. The IGD presented in
this study displayed all the information required by the
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anesthesiologists on a single screen, giving it an obvious
advantage over conventional PM s under real-world conditions,
where anesthesiol ogistswould need to acquireinformation from
multiple sources. For example, the anesthesiologist may have
to ask the nurse to read the quantity of the blood collection
bottle and measure the urine output.

The experimental design may have favored the IGD in this study
as participants using the simulator in the experiment had to
toggle through 4 screens on a single monitor to obtain the full
range of clinical information, thereby influencing their response
time with the simulator. This does not reflect the real-world
conditions that the anesthesiologists would encounter, where
all information would be simultaneously available on separate

displays.
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Another factor that might have affected the experiment was that
participants from both groups were given a short introduction
training session on the relevant display before the experiment
commenced for approximately 15 min. Although all the
guestions were answered after the introduction, ashort training
session may not be sufficient to acclimatize clinicians to a
completely new display, especially considering that the
participants had never seen the|GD or used the body simulation
system before.

Andrade et al

Blike et a [17] developed and evaluated a cardiovascular GD
designed to support anesthesiologists to perform a diagnostic
task rapidly and correctly. Before the development of the
display, the authors interviewed cardiac anesthesiologists to
generate a decision model of how experts diagnose cardiac
shock and determine its cause. Designers then developed the
GD presented in Figure 11 based on the decision model created.

Figure 11. The graphical display by Blike et a contained 2 graphic objects that change shape and size depending on the changes in the values of the

variables (amodel of the concept presented in the paper).

Normal zones represented by the black lines and abnormal zones represented by the yellow lines.

150

Pointers sliding along the axis according to
- the changes in the variable value. As the
pointers move, the object size changes
accordingly.
40
R
3
>12 v \0
0

Variables displayed in the form of analog meters, where when the meter pointer is in the middle
position, this corresponds to the “normal value” for the variable. The SVR “meter” ranges from 500 to
2000 dynes/cm?, and CVP one ranges from 0 to 12 mmHg. When these meter readings deviate from the

normal value, they distorted the gray shape of the figure.

10.0

the SV, CVP, HR, and PAD changes.

In image B, we can see that the shapes of the 2 gray graphical objects have changed significantly in
comparison to the image A. The changes in the shape of the element on the left side are caused by the

MAP, SVR and CO changes and the changes in the shape of the element on the right side are caused by
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Blike et a [17] sought to improve the usability of their novel
interface by arranging the elements on the screen in a
meaningful manner. The GD was composed of 2 graphical
objects, as shown in Figure 11. A new concept introduced by
Blike et al [17] was the use of meters (gauge icons). In this
concept, variables such as systemic vascular resistance (SVR),
CVP, and diastolic pulmonary artery pressure (PAD) were
presented in the form of meterswith arrowsindicating the values
of these variables, with an arrow position a 12 o'clock,
representing a normal value. Blike et a [17] compared the
performance of this GD to an apha-numeric display showing
only the numeric values for blood pressure (BP), HR, CVP,
PAD, and cardiac output (CO).

Using a between-subjects design, 11 anesthesiologists were
presented with 10 scenarios (5 without cardiac shock and 5 with
cardiac shock). Participants committed fewer diagnostic errors
when using the GD in comparison with the alpha-numeric
control display. The recognition of the patient's condition was
also completed faster when using the GD. However, the authors
reported that all participants used the control display first
followed by the GD. This indicated a high risk of carryover
effects, which could have contributed to biased results.

Interestingly, the authors reported that after a brief initial
exposure to the GD, most participants expressed confusion
regarding the display and “found it to be too complicated” [17].
Considering that Blike et al [17] brought new concepts to the
display, such asthe meters and graphical objects, it istherefore
natural that such an innovative display would cause some level
of discomfort for users on first exposure. As the use of the GD
resulted in improved performance metrics according to the
study, it would be interesting to know if extended exposure to
this interface would be sufficient to overcome the reported
negative initial impressions.

In a follow-up study, Zhang et a [18] compared the GD
developed by Blike et a [17] with a commercia PM display.
The study sought to investigate whether the use of the GD by
Blike et al [17] could enhance the accuracy and response time
of clinicians and whether it could also increase clinicians' SA
during the type of dynamic situation occurring in real practice.
Zhang et a [18] developed 4 scenarios for the experiment:
hypovolemia, arrhythmia, ischemia, and bronchospasm. Overall,
12 anesthesiol ogists (residents and faculty members) were asked

https://humanfactors.jmir.org/2020/3/€15052
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tousethedisplay by Blikeet al [17] asthe experimental display
and acommercial PM (Datex AS/3 anesthesia monitor) as the
control display. Participants were introduced to the new GD
during the training phase. SA level 1 (related to the perception
of the patient’s current state) and SA level 2 (comprehension
of patient’s current state) were measured by routinely pausing
the simulation and administering a questionnaire to the
participant about the status of the variables displayed on the
monitor. A higher number of correct answersindicated ahigher
level of SA.

The results showed that the anesthesiologists improved their
detection timefor the bronchospasm scenario, but no significant
differences were found for scenario recognition time between
the control and experimental displays. Level 1 SA was higher
in the control condition during the arrhythmia, hypovolemia,
and bronchospasm. Level 2 SA was higher for GD during the
hypovolemia scenario. It is not clear whether the order of
displays tested was randomized; therefore, it is not possible to
confirm whether the results were affected by the carryover
effect. Inthe same article, Zhang et al [18] presented the results
from a second experiment involving a 3D 1GD. However,
insufficient information was provided in the study to fully
understand the operation of this 3D GD, and the participants
who tested the interface were not anesthesiologists; therefore,
it was not discussed in this review.

Agutter et al [19] developed adisplay designed for cardiology
monitoring. The GD had the format of a 3D pipe, used as a
metaphor for ablood vessel, as presented in Figures 12 and 13.
Similar to the IGD by Michel et al [16], this GD also arranged
the variables in a metaphorical manner to diagrammatically
mimic physiological blood flow through the circul atory system.
For example, central venous pressure (CV P) isthefirst element
displayed as the deoxygenated blood flows to the vena cava.
This blood flows through the pulmonary arteries to the lungs.
Hence, the pulmonary artery pressure is displayed next in the
sequence. After oxygenation, the blood flows to the left side of
the heart and isthen pumped into the aorta. Therefore, |eft atrial
pressure (LAP) and mean arterial blood pressure (MAP) arethe
elements in the sequence. Other variables monitored by the
display include pulmonary vascular resistance (PVR), HR,
stroke volume (SV), CO, SVR, and arterial blood oxygen
saturation (Sa0,).
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Figure 12. The cardiovascular graphical display by Agutter et a (2003) showing the vital signs of a patient in anormal state (a model of the concept
presented in the paper).

ST segment depression on the ECG waveform is indicted by the red sphere that changed from mild to

moderate to severe “crinkling” (see Figure 13 also) based on predefined thresholds of ST segment.
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segment elements.
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Figure 13. The cardiovascular integrated graphical display by Agutter et al (2003) showing the vital signs of a patient during myocardial ischemia (a

model of the concept presented in the paper).
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PVR and SVR (measured in dynes/s/cm™).
In this example, the PVR circle is
expanded to indicate a low resistance,
while the SVR circle element remains the

same indicating a “normal” value.

The color has changed to orange
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indicating a deoxygenation of the arterial
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1 16 12 HR11l0 g5
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blood (Sa0, 91%) and the ST segment

element became severely “crinkled”

reflecting its abnormality.

The abnormality of the variables is easily noticeable by the discrepancy between the sizes of the colored
boxes and the segment outlines. For example, CVP is much lower than expected while LAP is higher than
expected. It is worth noting that the ideal value represented by the gray area is different for each

parameter (eg, for CVP it would be 6 mmHg and LAP it would be 9 mmHg).

Numeric valuesfor each variable were presented directly bel ow
their respective segment, and the height of each segment was
directly related to its value. The oxygenation level (Sa0O,) was
indicated by the color change from deoxygenated (blue) to
oxygenated (red) after passing through the lungs.

A total of 20 anesthesiologistswereinvited to participatein the
testing and were asked to assume care of a simulated patient
(an instrumented mannequin connected to the monitor) in a
high-fidelity ssimulation. Of them, 10 participants used GD as
the experimental display and 10 participants used a humeric
monitor, showing real-time values for the same variables
appearing on the GD, as the control display. In addition, both
groups used acommercial PM (Datex AS/3 monitor) in itsfull
operating mode. Two scenarios were developed for the
experiment: (1) tota hip replacement with atransfusion reaction
to mismatched blood and (2) aradical prostatectomy with 1.5
liters of blood loss and myocardial ischemia. The results show
that participants using the GD could detect and treat ischemia
faster than participants using the control display in the second
scenario. It was also observed, for each scenario, that
participants who used the GD finished the scenario with CVP
and Sa0, values closer to the baseline val ues than participants
using the control display. In the first scenario, participants did
not detect the anaphylaxis faster, as expected, with the authors
observing that changesin SVR and PVR could have helped in
making this diagnosis. However, the changes in these display
elements were not noted by the participants. This led to a
redesign of these elements to improve their salience (as
presented in Figure 14). In this study, the authors commendably
strived to create an environment and context of use as close to
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real-world conditions as possible, in contrast to some of the
other studies reviewed in this study. This led to important
problems with the display being uncovered, allowing designers
to solve the interface deficiencies that led to use errors.

As this GD was designed to be used in conjunction with a
commercial PM, as an additiona screen in the OR, it was
important to investigate whether this new information source
could affect the clinician's workload and mental demand.
Participants were asked to answer a NASA Task Load Index
(NASA-TLX) questionnaire, which is used to evaluate the
self-perceived workload. Although participants had only abrief
introduction to the GD before the experiment (approximately
15 min), the authors did not report significant differencesin the
workload ratings between the GD and control displays. This
indicates that the novel display was successful in conveying
information without imposing additional physical or mental
demands on the clinician.

Asafollow-up, Albert et al [20], from the same research group,
evaluated the display developed by Agutter et al [19]. The
rationale for this experiment wasthat, despite the positive results
in the experiment by Agutter et al [19], regarding the time to
diagnose and treat myocardial ischemia, Albert et a [20]
identified some limitations in the experiment by Agutter et al
[19]: (1) the IGD was evaluated in only 2 scenarios, (2)
investigatorsrecording the participants’ actionswere not blinded
to the presence or absence of the IGD, and (3) the display by
Aguitter et al [19] required the use of apulmonary artery catheter
(PAC) to obtain the CVP, pulmonary capillary wedge pressure,
cardiac index, and SVR values, when it is not a part of routine
monitoring for most anesthesi ol ogists. The purpose of thisnew
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study was to address these limitations and broaden the without PAC-derived data. The representation of 1GD without
applicability of the display, presenting it in 2 formats: withand PAC-derived datais shown in Figure 14.

Figure 14. The integrated graphical display by Albert et a (2007) without pulmonary artery catheter data (a model of the concept presented in the
paper) displaying the patient in anormal state and during myocardial ischemia.

By not displaying MPAP, PVR, and PCWP, a simpler
graphical object results than that in figures 12 and 13.
Cl 3.4 MAP SVR
6.0 Ssv70 90 1344
HR 72 t Another difference from figures 12 and 13 is that the
systolic and diastolic pressures are no longer displayed,
instead only the mean arterial pressure (MAP) is displayed.
SVR is now displayed as gray diamond shapes inside the
CVP  Cl 1.7 MAP SVR = . :
segment instead of the SVR circle element. These
34 SV 46 80 1828
diamonds become bigger or smaller according to the SVR
HR 72
value.

A tota of 16 anesthesiologists and anesthesia residents
participated in the new evaluation, 8 participants in the
intervention group (using a commercial PM and the GD) and
8 in the control group (using a commercial PM and only the
numeric values from the GD). Six scenarios were devel oped
for the experiment: 3 without PAC-derived data (hypertension
because of inadequate analgesia, myocardial ischemia, and
hemorrhagic hypovolemia) and 3 with PAC-derived data (left
ventricular failure, septic shock, acute respiratory distress
syndrome, and myocardial ischemia). Two expertswereinvited
toratethe participants performance from best (rank 1) to worst
(rank 16) in terms of accuracy, timeliness, and quality. Unlike
in the experiment by Agutter et al in 2003 [19], in this casg, the
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experts were blinded to the display used by the participant,
which reduced the risk of detection bias.

Wachter et al [21] developed aGD that presented the respiratory
parameters for patients who were intubated and mechanically
ventilated. The pulmonary GD displayed the parameters by
making use of the anatomical shape of the lung (Figure 15). A
total of 19 anesthesiologists, split into control and intervention
groups, were asked to assume care of a simulated patient
midway through a surgical procedure in a simulated OR. The
simulation was composed of conventional monitoring equi pment
(atraditional PM), an anesthesiamachine, and acart containing
airway management equipment. Both groups had access to the
standard displays, but the intervention group also had accessto
the pulmonary GD on a 17-inch monitor.

JMIR Hum Factors 2020 | vol. 7 | iss. 3 |e15052 | p.108
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Andrade et d

Figure 15. Thefigure at the top depicted pulmonary graphical display in which pulmonary variables are within the normal range. The design included
agraphical display and numeric values. Examples of abnormal pulmonary variables are represented at the bottom (amodel of the concept presented in

the paper).
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Two expert anesthesi ol ogists assessed parti cipant performance.
It was found that when using the pulmonary GD, participants
detected and treated 2 out of 5 scenarios (obstructed
endotracheal tube and intrinsic PEEP) significantly faster and
reported lower subjective workload than when using the
conventional monitoring setup. In addition, the accuracy of the
participants was significantly higher in the intrinsic PEEP
scenario when using the GD. However, in 2 scenarios
(endobronchial intubation and hypoventilation), the number of
incorrect diagnoses was higher (not significantly) with
participants using the pulmonary GD.

Participants using GD in scenarios involving mild pain,
myocardial infarction, and left ventricular failure were rated
higher in performance than participantsin the control group. In
addition, participants using the GD detected and treated
myocardial ischemiafaster than those who did not use the GD.
Once again, there was no statistically significant effect of the
GD on the self-assessed workload as measured by the
NASA-TLX.
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Tappan et a [22] explored the hypothesis that the simple
addition of agraphical visua cueto an existing traditional PM
(rather than acomplete redesign) would be sufficient to improve
the detection ability and responsetime of aclinicianto achange
in apatient variable. The display tested was aimost identical to
a traditiona PM, with the only difference being the
incorporation of a triangle between the waveforms and the
numerical values (Figure 16). The size of the triangle would
change according to the probability of change (increasing or
decreasing) for each variable. When the probability of achange
in the variable was below 25%, no triangle was displayed. If it
was above 25%, the triangle was displayed to attract the
attention of the observer. If the probability of change went
beyond 25%, the triangle became proportionally larger. Along
with the triangle, an outline of the maximum possible size of
the triangle was also displayed as areference. The display was
compared with a simulated PM in terms of detection time and
the number of events missed.
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Figure 16. The enhanced display (a model of the concept presented in the paper) by Tappan et a (2009). The visua cue was a triangle object placed
between the waveform and numerical values, which were displayed asin atraditional patient monitor. The size of the triangle changed according to the

probability of change for each variable.

probability of change in the HR is around 50%.

The dotted line represents the maximum size that could be reached by the internal triangle. This

means that there is a 100% probability of change in the related parameter. In this example, the
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A total of 22 participants (anesthesiologists and anesthesia
residents) were asked to identify when achange occurred in the
monitored variables using the enhanced display and the control
display, which consisted of the same display without the
graphical visual cue. The detection time was reduced on average
by 14.4 (SD 12) seconds when using the PM with the graphical
visual cues when compared with the traditional PM. The
percentage of missed events was 11.2% when using the PM
with the graphical visual cues and 18.8% when using the
traditional PM. A usability questionnaire was applied, but no
significant differences were found regarding satisfaction
between the 2 displays. These results show that to improve the
performance of PM users, acomplete redesign of acommercial
PM is not always necessary. However, it is important to keep
in mind that the usefulness of the display is dependent on the
accuracy of the algorithm that calculates the variable change.
If the algorithm is not accurate or is not perceived as accurate
by the PM users, thischangein the PM may generate frustration,
leading to a negative impact on patient care.

The GDs described so far in this review were designed to
support the needs of anesthesiologists in the OR, taking into
account their decision-making process[17,18] or the biological
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SpO, and CO, is below 25%.
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variables.

The probability of change in
the NIBP is around 25%.

mapping of vital signs[16,19,20]. However, another important
user of PMs that must be taken into account when designing a
new PM isthe nurse, as clinical monitoring by a vigilant nurse
isthe basis of intensive patient care [23].

Gorgeset al [24,25] described 2 integrated displays where they
combined numeric values, trends, alarm status of vital signs,
infusion pump information, and therapy support indicatorsinto
1 screen. The displays were designed to support ICU nurses
and doctors when they have to quickly choose which patient to
treat first from a distance of 3 to 5 m. For this reason, these
displays were referred to as far-view displays.

Ontheleft side of the display, the displayed images of syringes
indicated which medicine the patient was currently receiving
and how long it would take for full delivery of the medication
to be completed asillustrated in Figure 17. The display presented
in Figure 18 is referred to as a far-view bar display. On the
middle and right sides of the display, 5 variableswere monitored
using trends: HR, MAP, CO, SpO,, and ventilation minute
volume (MV). Each graph was composed of a 12-hour trend
highlighting the target zone for the variable and a numeric
element depicting the current value of the monitored variable.
Thetrend element in thisdisplay isshownin Figure 19 [24,25].
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Figure 17. Four stages of drug delivery represented by the syringe by Gorges et a (2011, 2012).

The medication data are represented in the form of syringes. Each syringe contains a scale below it to
indicate the estimated time to completion of medication delivery. This is also color coded with remaining
medication colored blue. As the syringe is close to becoming empty, the color of the medication in the
syringe changes from blue to orange. Once the medication is finished, the syringe becomes empty,

indicating that there is no medication remaining to be delivered.

[rormicum>= [ Dorriicum>= [ Dormicunp= [} =%

2h 1h 30m, 5m 2h1h 30m 5m 2h 1h 30m, 5m 2h 1h 30m+ 5m
Start of the medication cycle Medication close to an end, the Empty syringe indicating that
with estimate duration of color of the medication in the no medication is being
more than 2 hours. syringe becomes orange. delivered.

Figure 18. Integrated trend display tested by Gorges et a (2011, 2012).
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Figure 19. Thetrend element in Gorges et a (2011, 2012) far-view bar display.
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the numeric value changes to orange or blue
(depending on its value) and the background color

changes to a flashing yellow.
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The scale containing the limit values for the

12 hours of data are displayed in each trend with
vertical lines indicating the time every 3 hours

back from the current time.

parameters also contain a green sphere

indicating the current values of the vital sign.

A trend of inspired oxygen (FiO,) is provided
below the SpO, trend.

The display presented in Figure 20 is referred to as a far-view
clock display. It displays the same data as the bar display in a
circle that looks like a clock in which the new variable values
overwrite the old ones after 12 hours. The clock element in this
display is explained in detail in Figure 21. The values for
inspired oxygen (FIO,) and MV were presented withinthecircle
using 12 circles (1 for each hour) instead of trends, with the
current values being the background for the SpO, and MV,

respectively.

In both the studies (2011 and 2012) [24,25], participants were
asked to take care of 2 patients simultaneously and decide which
of the 2 patients required attention first, based on theinformation
provided on the display. In the intervention condition,
participantswere using theintegrated displays, and in the control
condition, participants were using a commercial PM (Draeger
Kappa XLT PM) and 4 commercial infusion pumps. Inthefirst
experiment, involving 16 ICU nurses, it was found that the
decision time was shorter and the accuracy was higher when
using the 2 novel displays. The results from the NASA-TLX
questionnaire indicated that both far-view displays performed
statistically significantly better than the control PM in terms of
self-perceived frustration. Interestingly, more than half of the
participants (n=9) preferred  conventional  displays.
Unfortunately, these participants were not asked why they
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preferred the conventional displays. A particular featurethat all
nurses liked from the integrated display was the addition of the
syringe functionality.

In the second experiment, 15 ICU physicians performed the
same task. The physicians made more appropriate decisions
and took less time in deciding which patient required attention
first, when using the 2 novel displays. No statistically significant
differences were found in the clinician workload when using
the 3 displays. Regarding preferences, 1 physician preferred the
control display, whereas 10 preferred the bar display and 4
preferred the clock display. Once again, participants were not
asked the reason behind their preference, which makes it
difficult to understand why nurses and doctors differed in their
preferences.

Koch et a [26] conducted athorough investigation of the tasks
performed by ICU nurses, intending to provide
recommendationsfor the design of integrated PM s, which could
enhance the SA of nurses. In this study, 19 ICU nurses were
observed for 38 hoursin 3 clinical practice settings. The team
wrote extensive field notes that were classified into 46 distinct
tasks. These tasks were then grouped into categories for
communication, medication management, patient awareness,
organization, and direct patient care.
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Figure 20. Integrated clock display tested by Gorges et al (2011, 2012).
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Figure 21. Theclock element in Gorges et al (2011, 2012) far-view clock display (a model of the concept presented in the paper).

line and the limit line are colored.

If the upper or lower limits are crossed, the area between the trend

overwrites the old data.

Each vital sign trend is presented in a clock format with an arrow

indicating the current time. As the time advances, the current value

When the vital sign crosses the limit, the color of the numeric value changes to

orange or blue and the color and the background changes to yellow.

The trends for FiO, and Vent (for minute ventilation) are also provided as

circles around the SpO, and MV, respectively.
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Koch et a [26] identified that essential information was deemed
to be missing at the bedside, and even when the information
was present, it was not integrated at the task level. Using the
concepts presented by Endsley [7], Koch et a [26] classified
the challenges arising from thislack of integration as perception,
comprehension, and projection challenges. On the basis of the
identified information gaps, Koch et a [26] provided
recommendations for enhancing SA for frequently carried out

https://humanfactors.jmir.org/2020/3/€15052

XSL-FO

RenderX

tasks. These recommendationsincluded (1) establishing methods
of information sharing from any location, (2) an integrated
display inside the patient’s room containing al theinformation
necessary on 1 screen, and (3) making the relevant information
visible and readable from the doorway.

As afollow-up to this investigation, Koch et al [27] developed
apaper prototype of anew integrated display. In contrast to the
displays by Gorges et a [24,25], the display by Koch et a [27]
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did not make significant changes to the look and feel of the
display, when compared with atraditional PM. The waveforms
and numerical valueswere displayed asin atraditional PM, but
some elements from an even wider range of medical devices
were added to the screen. For instance, ventilator settings, fluid

Andrade et al

balance, and temperature data were also included as numeric
values below the vital signs, and the scheduled and current
medicationswere displayed on theright side of the display. The
medication windows are shown in Figure 22.

Figure 22. Koch et al (2013) medication windows added to the integrated display.

The medication window displays the medication currently being delivered to the patient.
The time to finish the medication is represented by a graduated hourglass icon and the

medication delivery rate is displayed in numeric format directly below the icon.
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are also highlighted in purple.

Recent changes in the medication prescription are highlighted in purple. In a separate

pane, scheduled medications are displayed and recent changes to the scheduled meds

In the study by Koch et a [26], it was established that most
tasks performed by nurses relate to medication management,
patient awareness, or team communication. Therefore, 3
common scenarios for nurses interacting with information
systems were developed to cover each of these 3 aspects. A
total of 12 nurses from aburn traumalCU were asked to use 2
paper-based prototypes (the order of the displayswas randomly
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assigned): (1) the new experimental integrated display (Figure
23) and (2) the screens from each device separately (not
integrated). It was found that the SA (represented by the
accuracy of the participants answersto questions asked during
thetesting) was higher, and the task compl etion time was shorter
when using the integrated display.
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Figure 23. Koch et a (2013) prototype of an integrated display. The display shows scheduled and current medication, vital signs, ventilator settings,

fluid balance and temperature.

Vital signs are displayed as they traditionally are in commercial PMs.
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Mechanical ventilator data and temperature are displayed as numeric values.

This study demonstrates that the integration of data from
multiple devices does not always require a radical change in
the look and feel of the conventional PM. In a number of the
studies reviewed thus far, we have seen that complete PM
interface redesigns can lead to resistance from clinicians for
reasons already discussed. Nonetheless, additional experiments
using high-fidelity prototypes are required to ensure that the
new design is useful and would be adopted by the users in
critical care.

Drewsand Doig [28] devel oped aGD to support rapid detection
and identification of physiological deterioration in patients by
ICU nurses. This display was developed with a focus on ICU
nurses needs and to address areas of improvement in
commercia PMs identified in previous studies [29,30]. The
interface was devel oped using an iterative design process with
3 experienced ICU nurses evaluating the display after each
iteration. As shown in Figure 24, the GD monitored HR, SpO,,
and BP. It was composed of 3 main components: trend data,
numerical data, and a graphical object.
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For each variable, the trends displayed the values from the
previous 8 hours on a line graph. The line graph contained a
gray area representing the normal range of the values. The
numerical data corresponded to the current vaues of the
variables. The current state object (CSO), explained in detail
in Figure 25, combined HR (in the X-axis) and BP (in the
Y-axis). The white rectangle represented the variability of BP
and HR in the last hour, where the upper boundary of the box
represented the maximum systolic BP, the lower boundary
represented the minimum diastolic BP, the leftmost boundary
represented the lowest HR, and the rightmost boundary
represented the highest HR value. The gray rectangle represented
thenormal or customizable thresholds, and the colored element
inside (or outside) the white rectangle represented the current
patient vital sign measurements. The color reflected the SpO,
level, which could be red (93%-100%), orange (91%-92%),
pink (89%-90%), purple (87%-88%), or blue (<87%).
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Figure 24. Drews and Doig's graphical display. On the |eft side, data were presented in a similar manner to a traditional patient monitor, but with
trends instead of waveforms of the vital signs.

Trends displaying the values over the period of 8 hours. It is possible to see that, in the last hour, the
values of the three monitored variables became abnormal since they exited the gray area, which indicates

the range of “normal” values.

1 1
Numeric values for the current: HR, SpO,, and BP Current state object (CSO) presenting the same
(systolic, diastolic and mean values). data in an integrated graphical format.

Figure 25. The graphic object combined the blood pressure and heart rate values to create an object that depicts the current state of a patient.

Gray area representing the normal range of the values for BP and

HR.

The white rectangle representing the variability of BP and HR in
the previous hour where the upper boundary of the box
represented the maximum systolic BP and the lower boundary
represented the minimum diastolic BP, the leftmost boundary
represents the lowest HR and the rightmost boundary represents

the highest HR value.

CSO corresponding to the current patient vital signs (systolic,
diastolic, and mean BP numeric in red, and the HR numeric value

in green). The red color of the CSO indicates that the blood was

oxygenated (SpO, between 93% and 100%).

A S35 for BP (mmHg) and HR (bpm).
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The GD was compared with a simplified version of a PM
(control) in terms of response time and accuracy of data
interpretation. The simplified version of the PM contained only
anumerical display, as presented in Figure 24, without trends
or CSO. In both conditions (intervention and contral), the vital
signswere also displayed on adesktop computer along with the
display being tested. Four scenarios were developed for this
experiment: early sepsis, septic shock, pulmonary embolus, and
a stable scenario. On the basis of the provided display and
context information, 42 1CU nurses (21 using the novel display
and 21 using the control display) were asked to evaluate and
interpret the data and recommend appropriate interventions as
quickly and as accurately as possible.

Overdll, the participants using the GD were 30% faster than
participants using the simplified traditional display, with
statistically significant differencesfor septic shock, pulmonary
embolus, and stable vital sign scenarios. In terms of accuracy,
participants correctly identified the condition of the patient with
statistically significant differences in septic shock and
pulmonary embolism scenarios. A NASA-TLX questionnaire
distributed after the test revealed a statistically significant
difference in the mental demand, with lower mental demand
reported by nurses using the GD.

The purpose of this experiment wasto measure the performance
of the nurseswhen using a single-sensor-single-indicator display
compared with agraphical or object display. In thissense, it is
understandabl e that the presence of waveforms on the control
display was not essential. However, because the novel display
was designed to replace the conventional PM display, it is
unusua that the control display did not adopt the full PM
interface in daily use by the end user. This theme of so-called

Andrade et al

control displaysnot truly representing the display used by users
in their everyday work, recurs throughout some of the studies
presented in this review.

Ecological Displaysfor Patient Monitoring

Some authors have used aframework for interface devel opment
called ecological interface design (EID). EDs attempt to
minimize the cognitive load on the user by presenting datain
a meaningful way, depicting the relationship between data
elements and making the constraints of the monitored system
visibleto the operator [31,32]. Constraintsrefer to the task- and
goal-relevant information (eg, how far isthe patient’s BP from
optimal values? Are the patient's hemodynamic parameters
changing as expected?). In most cases, EDsare GDsin the sense
that they typically also use shapes and colors to facilitate
improved assimilation of the patient’'s current state by the
clinician, but a GD cannot always be classified as an ED.

Effken et a [32] developed 2 EDs for hemodynamic data
visualization, namely an integrated balloon display (IBD) and
an etiological potential display (EPD). The 2 EDs were
compared with a traditional strip chart display (TSD), which
displayed the data using the single-sensor-single-indicator model
and was considered by the authorsthe traditional display (Figure
26). The TSD displayed trendsfor the arterial, venous, and atrial
pressures; CO; and SVR. The terms used for the variables in
the 3 displaysdiffered somewhat fromthetermsusedin critical
care. For example, SYRwas replaced by resistance and CO was
replaced by ventricle. The rationae for more generic
physiological labels instead of the conventional ones was that
the authors wanted to investigate the utility of the display by
students with no clinical experience aswell as by experienced
participants.

Figure 26. The strip-chart display displayed the 5 variables separately using 55 x 660-pixel bar graphs. Every second, the graphs were updated, and a
new bar was added to the graph. In this scenario, the strip-chart display started with all variablesin the normal condition and quickly evolved to alow
heart strength state. Thisimage isamodel of the concept presented in this paper.
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The IBD (Figure 27) represents each system in the form of
balloons that expanded or shrunk according to the value of the
variable. Colored regions around the balloons represent different
states: good (green), warning (white), and danger (red). The
IBD also containsastrip chart element at the bottom to indicate
the overall status of the patient. In the EPD (Figure 28), the
vertical axis represented heart strength and the horizontal axis
represented resistance. Fluid changes were shown asashrinking
or expanding square. The central crossing point for each bar
(axis) represented the optimal value for each. Figure 28 presents
the patient datain a normal state (top left image) and in alow
heart strength state (bottom right image), where the values of
pressure and flow have moved away from the targeted state,

Andrade et al

deforming the 4-sided object and moving it away from the
central crossing point of the resistance and heart strength axes.

An experiment was carried out with 6 experienced nurses and
6 student nurses. Participants were asked to treat a smulated
patient using simulated drugs, based on a clinical assessment
of the data presented on the monitor, to get their patients’ vital
signs into the normal range as quickly as possible. It was
observed that both groups of nursesinitiated the treatment faster,
used fewer drugs, and were able to maintain the vital signs
within the target range for longer when using the ED in
comparison with the TSD. In addition, the student nurses using
the EDs were able to match the performance of experienced
nurses using the traditional display.

Figure 27. Hemodynamic variables presented using an integrated balloon display, where each system was presented in the form of balloons that can
be expanded or shrieked according to the value of the variable. Thisimage is amodel of the concept presented in this paper.

balloon reached the lower limit.

The balloon representing the atrium reached the upper limit while the ventricle accordion and artery
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The left ventricle was shown as an accordion-like

icon to illustrate the heart’s function on blood flow.

The remaining variables were depicted as balloons
that inflate/deflate horizontally depending on the
values of the variables, while the warning, danger,

and target indicators remained static.
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The IBD also contained a strip chart element at the bottom to indicate the overall state of the patient. It

was calculated as the mean of the standardized, absolute distances from normal for the four dependent

https://humanfactors.jmir.org/2020/3/€15052

XSL-FO

RenderX

JMIR Hum Factors 2020 | vol. 7 | iss. 3 |€15052 | p.118
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Andrade et al

Figure 28. Hemodynamic data are presented using the etiological potential display in anormal state (A) and in an abnormal state (B). The vertical axis
represented heart strength and the horizontal axis represented systemic vascular resistance. Fluid changes were shown as a shrinking or expanding
square. The central crossing point for each bar (axis) represented the optimal value for each. This image is a model of the concept presented in this

The four-sided object shrinks or expands as each
variable moves through the dashed lines. For each
variable, a low value was indicated when their
respective edge was closer to the center and high
when it was away from the center. Target regions
are green and danger regions are red. In this image,
and atrial

the values for the arterial, venous,

pressures and CO are in the desired level.

paper.
Heart Strength
A HIGH
ATRIUM VENTRICLE
N /
Resistance <
Low HIGH
/ AN
VEINS ARTERIES
LOW

The four-sided object shrinks into the danger
region for the venous and atrial pressure
edges as these variables change. These two
values reflected a low heart strength, making
the square move down in the heart axis while

the SVR remains relatively stable at the center

Heart Strength
HIGH

of the resistance axis.

The novel concepts presented by Effken et a [32] are quite
innovative, and the study demonstrated the potential to enhance
nurses performancein critical care. However, there were some
issues with the experimental design that could have biased the
results. For example, considering that the TSD does not resemble
atypical PM, as presented in Figure 1, it is not clear that the
TSD was a valid control display. In addition, while the
experienced clinicianswereinstructed regarding the terminology
changes so that they could relate the new terms to the ones
actually used in clinical practice; however, it is unclear what
impact these changes in the mental model had on the
experienced clinicians. This may help explain why student
nurses using the EDs were able to match the performance of
more experienced clinicians.
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Jungk et al [33] developed a profilogram display and an ED
and compared these 2 novel displaysto atrend display. Similar
to the main interface of the traditional PM, the trend display,
presented data using the single-sensor-single-indicator approach.
It ispossibleto configure most commercial PMsto present data
using thetrendsformat, but it was reported that thisfunctionality
of the PM wasinfrequently used in critical care [30]. Thetrend
display was used to monitor HR, systolic arterial pressure
(APsys), LAP, and blood volume (BV). As the data were
presented using the trends format only, to know current values
for each variable, the user had to interpol ate the values visually
with the aid of the trend display scales. The time axis range for
each variable was between 0 and 10 min (Figure 29).
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Figure29. Trend display used by Jungk et a asa control display (amodel of the concept presented in the paper). The trend display presented the heart
rate (bpm), systolic arterial pressure (mmHg), left atrial pressure (mmHg), and blood volume (mL).
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0
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values for the different BV 3500 —
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variables are represented
as light gray lines. Vasomotor Tone -1 Contractility 45 Heart Rate -1 Volume 4
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The adjusting sliders (used for the experiments only) were used by the participants to manipulate the

monitored variables. The sliders ranged from -5 to +5 in intervals of 0.5 (arbitrary units).

Asapart of the experiment, at the bottom of the 3 displays, the
researchers added a control panel that was used to manipulate
4 functional parameters. HR, vasomotor tone, contractility, and
circulating BV. The profilogram display was devel oped based
on the principle of intelligent alarms. This system combined
the relevant data needed by the physician to make decisions
(eg, each monitored variable, physiologica background
knowledge, and patient-specific knowledge). The system used
fuzzy logic to generate color-coded profilograms (Figure 30)
[34]. Each profilogram presented the amount of a variable’'s
deviation in a positive or negative range for itsrelated variable
(HR, APsys, LAP, BV, and CO). Normal valuesfor thevariables
were represented as a line in the middle of each profilogram.
Bars to the left side of this line indicated a state variable
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becoming too low and bars to the right side of this green line
indicated a state variable becoming too high. The amount of
deviation was indicated by the length and the color of the bar
(green for normal values, yellow for small deviations, and red
for excessive deviations), which was intended to support rapid
perception of the patient’s state.

Thethird display evaluated by Jungk et al [33] wasasimplified
ED for hemodynamic monitoring that integrated the necessary
components for decision making (Figure 31). The LAP, APsys,
and HR were displayed according to their physical location in
the heart and corresponding to the schematic work diagram of
the heart, which was displayed in the center of the display. Some
of these variables were displayed using the graphical object
concept typically used by GDs[15-18].
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Figure 30. Profilogram display used by Jungk (a model of the concept presented in the paper). Profilograms for HR (too low), CO (alittle low), LAP
(too high), APsys and BV (good) were displayed.

Figure 31. Jungk's (1999) ecological displays (amodel of the concept presented in the paper).

The work diagram was determined by the left atrial pressure (preload) and LAP and APsys are represented
arterial systolic pressure (afterload), on the left and right side, respectively. as red and vyellow squares,
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A total of 20 anesthesiologists, with no previous experience
with an ED or profilogram display, carried out a prescribed task
on the 3 displays separately. They were required to observe the
data presented on the screen and maintain the vital signswithin
the desired range by adjusting the sliders located at the bottom
of the interface. The dliders corresponded to vasomotor tone,
contractility, HR, and volume.

It was observed that participants finished the task with the
monitored variables within the acceptable range more often
when using the ecological interface than when using the other
2 displays. However, the performance of the participants in
termsof timeto complete thetask, number of dlider interactions,
and time to find relevant information was found to be much
quicker with the trend display than when using the ED or
profilogram display. On the basis of these results, the authors

Figure 32. Jungk's ecological displays (first approach).

Andrade et d

concluded that participants performed better with the trend
display. Jungk et a [33] hypothesized that the differencein the
performance of the 3 displays was attributed to the years of
experience anesthesiologists had with the trends display and
suggested that the future ED designs should not differ too much
from the traditional PM displays.

Oneyear later, Jungk et a [35] developed an ED that presented
35 monitored variables, intending to support anesthesiol ogists
during anesthesia monitoring. The reason for such a large
number of monitored variables is that this ED (Figure 32)
integrated data from different devices, such as a PM, a
mechanical ventilator, and infusion pumps. This display made
extensive use of graphical objects such as those presented in
Figure 33.

(MAC), were presented as individual graphs.
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Figure 33. Respiratory and cardiovascular views used in experiment 1 on the Jungk et al (2000) study.

Mechanical ventilation data were presented using a graphical
object that combined the airway pressure (PAW) and airway
compliance plus the respiratory rate (RR).

Expired tidal volume (VT, exp), is presented as a blue square,
which is determined by the difference in the maximal and
minimal airway pressure (PEEP) on the y-axis (indicated by the 2
arrows) and airway compliance on the x-axis.

Normal values are represented as green bars on the axis. On the
x-axis, the lower green bar corresponds to the normal range for

] a mechanically ventilated patient, while the higher green bar
300 carresponds to the normal range for patients not mechanically
ventilated.

100 200
Compliance

The cardiovascular system view included a schematic work
diagram of the heart, which is determined by the pulmonal
arterial diastolic pressure (PAPdiast) and arterial systolic
pressure (APsys). All graphical objects contain green lines
indicating the “normal” values.

PAP st
10,

AP
, 118/72
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The pressure of the left ventricle volume during the filling phase
(LVV) and the heart rate (HR) were combined to generate the
cardiac output (CO) object. However, the LVP scale did not
present its values.

The most important variables such as PAPdiast, AP, and HR were .
also presented as numeric values. LWV

syst. Bloodvol. Normal

The display was composed of 7 sections in which related
variables were grouped, with a star in the middle, which
represented an assessment of respiratory mechanics, respiratory
volumes, oxygen supply, and the cardiovascular system. The
star was color-coded based on the assessment of parameter
constellationswith the hel p of fuzzy setsand fuzzy rules. Jungk
et a [35] intended to evaluate whether the performance of
anesthesiologists would improve with the addition of an ED.
The performance was assessed based on tria time, number of
successful trials, and on some strategic behavior parameters
(region-of-interest, related metrics, and think-aloud protocal).
Of which, 16 anesthesiologists were asked to anesthetize a
simulated patient under intervention conditions (the ED in
conjunction with a simulated gas monitor and a simulated
commercial PM) and control conditions (asimulated gas monitor
and asimulated commercial PM only).

It was found that participants using the ED had poorer
performance than the control group. For example, all participants
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correctly identified the blood | oss scenario in the control group,
while 3 participants failed in the intervention group. The
eye-tracking analysis revealed that in the intervention group,
amost half of the time, the ED was used as the main source of
information and was frequently favored when identifying an
evolving critical incident. It was also noticed that some of the
elementsinthe ED, such astemperature and fluid management,
were of little interest to the participants. Interestingly, 8
participants did not use the traditional PM when the ED was
available.

With the knowledge gained from this first experiment and
following several interviews with anesthesiologists, Jungk et
al [35] redesigned the ED to improve its usability (Figure 34).
The data were rearranged on-screen to prioritize elements of
most interest to the participants based on the eye-tracking
analysis. In addition, this new display incorporated elements
that had been used in other studies, such as the meters (gauge
icons) and profilograms (Figure 34). Four color-coded
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profilogramswere added to the center of the display representing  middle was removed, as well as the temperature and fluid

groups of variables (respiratory mechanics, respiratory volumes,

management variables, and the positions of the graphs were

oxygen supply, and the cardiovascular system). The star inthe  changed.

Figure 34. Jungk et a ecological displays (second approach). Profilogram bars based on the fuzzy |ogic approach for intelligent alarms were displayed
at the center of the ecological displays, providing an overall state for each functional part of the display.

A new graph combining the tidal volume (VTex)
and RR was added to this functional part.

This functional part did not change, except for the
addition of the trend arrows for PAP, AP and CO.

VTex 446ml

AWP/mmHg
30

ExMV 4.59

>

VTex/ml

E 1500

1000

inspired expired

02 37% 00 100 02 33

N20 58%
Agent 1.3%

N20 58%
Agent 0.9%
CO2 ASmmHg

mO2Hb

PAPdiast 5

10.5

AP
124/73

TPR
1128

Y

N MAP CVP
co

MAC 1.20

e

Isolt + Zutalc

Sp02 B85%

>

5.5 co

m 02 dist. [Normal

New elements such as scale and numeric values for
0 and N;O were added to the inspired and expired
bar charts. Since the volume fractions of the inspired
and expired CO;, and gas agents such as Isoflurane
were small compared with the other gas fractions,
they were graphically zoomed out to the left side for

The Ca0; graphic object remained the
same with the addition of the trends
arrow for the saturation. The Minimum

Alveolar Concentration (MAC) and
“train of four" (TOF) for the
neuromuscular relaxation were

inspired and right side for expired gases.

positioned at the bottom right.

Jungk et al [35] repeated the same experiment with 8 different
anesthesi ol ogists using only an intervention group (no control).
All participantsidentified the blood lossincident in this second
test, but 1 participant did not identify the cuff leakage incident.
The identification time was significantly shorter for both
scenarios compared with the control test in experiment 1. This
study exemplifies the importance of an iterative design process
in which end users test the device in smulations.

A total of 11 years after the first experiment with an ED for
patient monitoring, Effken et a [36] developed and evaluated
an ED specifically designed for oxygen management. The

https://humanfactors.jmir.org/2020/3/€15052

development of the ED started with a cognitive work analysis
(CWA) aimed to identify the work domain constraints and the
cognitive tasks performed by ICU nurses. This helped the
designers in arranging the elements on the screen to optimize
the cognitive performance of the nurses. As a result, an
interesting concept was developed. Figure 35 presents the
clinical data structure at 4 levels: purpose, balance, processes,
and physiology. The main goal of the system was cellular
oxygenation, which was the purpose; therefore, it was placed
on the top of the screen. If oxygenation was inadequate, the
clinician then evaluated the balance between the variables
related to oxygen demand and delivery, such as oxygen delivery
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(DOy), arteria blood oxygen content (CaO,), and oxygen
consumption (VO,), which were presented in the form of bar
charts directly below cellular oxygenation.

Depending on which sidewas out of balance, the clinician could
identify the cause of the problem in either DO, or metabolic
processes (SaO,, Hgb, and CO), which were presented as
graphical objects. Their underlying physiology (CV P, pulmonary
artery wedge pressure, MAP, SVR, SV, and HR were presented
as bar charts [37].

The ED was compared with abar graph display (BGD) interms
of clinical event recognition, treatment efficiency, and usability.
The BGD presented the monitored values as bar charts using
the single-sensor-single-indicator model. In both displays (ED
and BGD), the patient history was provided at the bottom of
the display and the treatment options (clickable buttons) were

Andrade et al

presented on the right side of the display. In the experiment, 32
ICU nurses were asked to identify changes in the patient’s
variables and use the available treatments to maintain these
variables within the desired ranges.

The results showed no significant differences in the time to
initiate the treatment between the ED and BGD. The mean
percentage time in the target range varied for each display
depending on the number of variables being presented
simultaneously and the order of the experiment. Perceived
workload (measured by the NASA-TL X questionnaire) wasnot
statistically significantly different across displays.

As in the previous experiment by Effken et al (Effken et al,
1997) [32] there was no indication that the control display
(BGD) was clinically used, which makesit impossible to draw
meaningful comparisons between the novel display and the
conventional PM.

Figure 35. The Effken et a ecological display presented clinical data structured at 4 levels. purpose, balance, processes, and physiology.

measure it.

The cellular oxygenation was placed at the very top since it is the goal/purpose of the patient monitoring
using this display. However, it is just a placeholder at the moment since there were no data available to

The normal range for each
variable was represented by
green markers along the scale.
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The balance between oxygen
delivery and oxygen consumption
was displayed by placing the DO;
and VO; graphs side by side as well
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Since they are the lowest level of abstraction, the underlining physiology is displayed at the bottom and
provide the basic vital sings from which the other components were calculated.
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Discussion

Principal Findings

This review aimed to critically review and examine the
innovationsin PM design proposed by researchersand to explore
how clinicians responded to these novel design approaches.
These proposed innovations are fully described in the Results
section of thisreview. Having analyzed the methodol ogies used
to devel op and test these displays, aswell astheresults of these
tests, afew topics have emerged for discussion.

Most novel displays described in this review were developed
to promote rapid detection and interpretation of changes in
patient vital signs, provide abigger picture of the patient state,
and reduce the physical and cognitiveload of usersand increase
the SA for nurses and doctors. For example, GDs and object
displays were developed by utilizing shapes and colors to
represent changing vital signs. It was expected that these
displays would better support nurses and doctors by reducing
their detection and decision times and by improving diagnostic
accuracy. However, in most cases, the performance of the
participants when using the novel displays varied according to
the test scenario. Statistically significant improvements in
performance metrics were found when using a GD over a
traditional PM for some scenarios, but not al of them
[18-20,28,33,36]. Only three studies that evaluated a GD
observed significant improvement for all tested scenarios
[15,17,32], dthough it is important to mention that in these
cases, a conventional PM was not used as a control. For
example, one of these studies used as a control display not
commonly used in real practice [32] while the other two used
alpha-numeric displays as a control, which only presented the
numeric values of vital signs without waveforms [15,17]. A
traditional PM display in critical carewill typically be composed
of numeric values and waveforms. Therefore, it is not possible
to determine if the outcomes would be the same if a traditional
PM was used as a control in these cases.

In the studies where a novel PM was developed with the
intention to improve the performance of cliniciansby integrating
information from several devices into a single screen,
participants performed better when the volume of information
presented simultaneously on-screen was not overwhelming
[24,25] and when the look and feel of the traditional PM was
not radically changed to accommodate the dataintegration [27].
When the number of variables presented on asingle screen was
excessive (eg, morethan 30 variables), the cognitive load created
for the user was too high, and the designers decided to make
use of graphical and object elementsto facilitate the assimilation
of the patient’s state by theclinician [16,35]. Once again, it was
verified that statistically significant improvementsin the users
performance were found in some scenarios, but not for all
scenarios. Therefore, when integrating data from multiple
devices, it isimportant to display only those variables that are
essentia for the task at hand. This saves the user from feeling
overwhelmed by the volume of information presented.
Furthermore, challenges of data integration from multiple
devices onto one screen go beyond usability and data
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visualization challenges, as medical devices might not always
provide the technological means of integration.

User Involvement in the Design Process

Before 2010, most studies did not mention end-user involvement
during the design process. Some of these studies based the
design of their interfaces on frameworks, such asEID [32,35,36]
and CWA [17] or did not describe the design process used at
all [16,19,33]. Other studies did not devel op the interface from
scratch, instead they tested previously developed displays
[15,18] or presented adaptations of existing displays [20,35].
The magjority of these studies had inconclusive results when
they compared the performance and user satisfaction between
the experimental and the conventional displays. On the other
hand, generally, studies that used user-centered design (UCD)
or participatory design approaches [24,25,27,28] had more
satisfactory results regarding usability. One compelling case of
how the interface design benefitted from user involvement in
the design process can be seenin Jungk et a [35]. The authors
conducted aniinitial study with an experimental display designed
based on EID [17]. The results of this first attempt were not
satisfactory, and the display was adjusted based on the results
of thefirst experiment and several interviewswith the end users.
After making adjustmentsto the design following this feedback,
the second experiment had superior results compared with the
first experiment. It isworth noting that although the nurses and
doctors are the end users of the PM and that design changesin
this device will directly influence their user experience, the
patient is the one who will ultimately benefit or be affected by
the design of the PM.

Study Design Consider ations When Testing a Novel
Patient M onitor

An essential usability attribute that isnot given proper attention
in the reviewed studies is safety, and the authors of the studies
reviewed did not make references to how they addressed error
prevention or error recovery in their displays. As seen with the
polygonal display by Gurushanthaiah et al [15], it is possible
for a novel display to be seen to enhance a clinician’s
performance and to elicit a positive user experience, while also
being likely to result in inadvertent use errors due to design
limitations. Therefore, it is imperative that testing of novel
displays also targets the identification of sources of use errors
in the design. As a result, it is highly recommended that
researchers conduct usability inspections on novel devicesbefore
user testing. One way to achieve this is through a heuristic
analysisof thedisplay in which clinical or human factors experts
evaluate the device or system by ng how it conforms to
well-established user-interface design rules or heuristic
guidelines, such as the usability heuristics proposed by Jackob
Nielsen [5,38]. A review using the heuristics by Neilsen will
not only highlight safety issues but will also identify if usability
best practiceisadopted in the display design around issues such
asthe visibility of system status, user control and freedom etc.
None of the studies reviewed made reference to carrying out a
heuristic analysis.

It should be made clear in a study design if the novel display is
intended to replace or to augment a traditional PM. This
consideration will heavily influence the introduction of anovel
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PM in a clinical context. For instance, clinicians might be
willing to introduce a novel PM in their workflow as long as
conventional egquipment is not being removed. In cases where
the novel PM is designed to fully replace atraditional PM and,
if the novel PM’s interface differs significantly from that of a
traditional PM, a more effective approach could be having the
novel PM augment the traditional PM and not replace it. Once
it is confirmed whether or not the users have fully adapted to
the novel PM, further actions can be decided.

Devices are designed to be used in specific contexts of use;
therefore, when evaluating a novel PM, researchers should
design experiments in which the user interacts with the device
in a setting and under circumstances similar to those expected
in the intended context of use. However, most of the novel PMs
described in thisreview were tested in a context of use that did
not match the expected real-world conditions (eg, |aboratories
and work offices instead of quasi-clinical settings). The
outcomes of an experiment will be weakened if the experiment
fails to replicate the expected context of use.

In addition, the control devices used during the testing should
be as close as possibleto the devicestypically used by the users
for this application. Some experiments have used an
unrepresentative control display as a control for the novel PM
[17,19,28,32,35,36]. In such cases, it is impossible to draw
conclusions on how the novel PM may impact patient care in
comparison with the current standard of clinical care and use.

If at all possible, researchers should provide a comprehensive
program of training on the novel interfaceto participants before
carrying out testing. The purpose here is to achieve as a high
level of familiarization with the novel display, before testing,
asis feasible. Essentially, one should try to eliminate lack of
familiarity with the display as a confounding factor in the
testing, asit is expected that the control display (typically the
PM in regular use) will be very familiar to the participants.

Thistraining should ideally include not only an introduction to
the new display but also feature demonstrations, simulations,
and competency tests.

Providing robust training on anew interface as part of aresearch
study requires a considerable amount of effort and time and, in
many cases, this can be very challenging. Nearly al studies
reviewed did not exceed 45 min of training. Researchers must
keep in mind that although a short training session may be
sufficient to allow the participant to understand how the device
works, it may not be enough to achieve the same level of
familiarity as exists with the control device. In these
circumstances, when a novel interface is compared with the
standard approach, the standard approach likely achieves much
higher preference and, therefore, distorted preference data can
result.

Some studies evaluated novel PMs using research participants
with no (or very little) medical background and the results of
these studies were not presented in this review. The reason for
this is that, although it is possible to introduce nonmedical
participants to a display to be tested, participants who are not
the intended users of a device will have completely different
perceptions of the device and will likely use different cognitive
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strategies to interact with it. These differences produce
inaccurate outcomes, as demonstrated by Gurushanthaiah et al
[15]. Therefore, we recommend that only samples of the
intended users of a device should be used as test participants.

Usahility isdefined by the 1SO 9241-210 (section 2.13) as“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”
Therefore, for good usability, a device must not only improve
effectiveness and efficiency (eg, detection/response/trial times,
treatment efficiency, accuracy, etc.) but also provide a positive
experience for the user. Up to the early 2000s, most studies
solely focused on performance metrics and neglected the effects
of the design on the user's experience, such as cognitive
workload, comfort, and preference. However, since 2003, almost
all studies have evaluated the effects of the design on the user
during their experiments using questionnaires. For example,
studies used either the NASA-TLX questionnaire to measure
self-reported perceived workload [19-21,28] or Likert scalesto
measure participants preference or satisfaction [22] or both
[10,11,36]. The addition of such questionnaires as a part of the
experimental methodology indicates a positive paradigm shift
in which positive user experience and device satisfaction are
also perceived as essential qualities to be considered in the
design of anovel PM.

Onthebasis of our experience with reviewing these studies, we
would propose the foll owing recommendations for researchers
designing and evaluating new PM interface designs:

1 To identify any usability problems associated with the
design of user interfaces and to mitigate error risks before
user testing, researchers should consider conducting a
heuristic analysis of the displays.

2. During the user testing, the purpose of the novel PM should
be made clear to the participants, including specifying
whether the purpose of the novel PM is to augment or
replace aconventional PM or not. Thisisimportant because
thisinformation will have an impact on users’ perceptions
of the device during testing.

3. Inall development stages of anovel PM, targeted end users
(eg, ICU nurses and anesthesiol ogists) must be involved in
the design and evaluation processes through a UCD
methodol ogy.

4. Researchers should strive to design a test protocol that
accurately reflects the expected context of the use of the
display.

5. To achieve meaningful results and afair comparison, when
testing anovel PM against a conventional PM, the control
device (representing a conventional PM) must match the
characteristics of the conventional PM as closely as
possible.

6. Attempt to eliminate the participant’s lack of familiarity
with the novel display (relativeto their familiarity with the
conventional PM) asaconfounding factor intesting. Before
testing a novel PM with potential end users, researchers
should provide extensive training to the participants on the
novel PM (preferably involving multiple training sessions)
to acclimatize the participantsto the use of the novel display
and ideally achieve ahigh level of familiarity with it.
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7. Asuser satisfaction is a key component of usability, more Although it is understandable that fulfilling some of these
comprehensive assessments of user satisfaction should be recommendations in a research context can be challenging
carried out using both quantitative and qualitative analyses.  because of resource and time constraints, by following them

we believe that researchers can significantly enhance the quality
of their research.
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Abstract

Background: Parents seek trustworthy information online to promote healthy eating for their toddlers. Such information must
be perceived as relevant and easy to implement and use.

Objective: The objectives of this study were to conduct a process evaluation of the electronic health (eHealth) intervention
(Food4toddlers) targeting food environment, parental feeding practices, and toddlers’ diet and to examine possible differences
in these areas according to education and family composition.

Methods: A 2-armed randomized controlled trial, including 298 parent—toddler dyads from Norway, was conducted in 2017.
In total, 148 parents in the intervention group received access to an intervention website for 6 months. Data on website usage
were retrieved from the learning management platform used (NEO). Participants’ satisfaction with the intervention was asked
for in apostintervention questionnaire. Chi-square and t tests were used to examine differencesin usage and satisfaction between
education and family composition groups.

Results: Most participants were mothers (144/148, 97.2%), lived in two-adult households (148/148, 100%), and were born in
Norway (132/148, 89.1%). Mean parental age was 31.5 years (SD 4.2). More than 87.8% (129/147) had a university education
degree and 56.5% (83/147) had over 4 years of university education. Most (128/148, 86.5%) intervention participants entered
the website at |east once (mean days of access 7.4 [SD 7.1]). Most parents reported the website as appropriate to the child’'s age
(71/83, 86%) and self-explanatory (79/83, 95%) and appreciated the interface (52/83, 63%) and layout (46/83, 55%). In total,
61% (51/83) stated that they |earned something new from the intervention. Parents with over 4 years of university education and
in 1-child households used the intervention website more than those with 4 years or less of university education (8.4 vs 5.9 days
in total, P=.04) and households with more than 1 child (8.3 vs 5.8 daysin total, P=.04), respectively.

Conclusions: The Food4toddlers intervention website was found to be relevant by most participants in the intervention group,
although usage of the website differed according to educational level and family composition. For eHealth interventions to be
effective, intervention materials such as websites must be used by the target group. Our results highlight the need to include users
from different groups when developing interventions.

Trial Registration: ISRCTN Registry ISRCTN92980420; http://www.isrctn.com/| SRCTN92980420

(JMIR Hum Factors 2020;7(3):€18171) doi:10.2196/18171
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Introduction

A hedlthy diet is fundamental to preschoolers health and
development, for which parents are responsible. A high
proportion of parents feel insecure and seek advice regarding
food parenting practices via different sources [1]. Internet is a
powerful and popular source for health information among
parents [2-4]. Still, very few theory- and evidence-based
websites or digital apps with trustworthy information exist for
this group. Among the few electronic health (eHealth)
interventions addressing food parenting practicesand child diet
that have been developed [5-7], most have been conducted in
children older than 1 year of age[5]. Furthermore, interventions
targeting parents of preschoolers have shown divergent
effectiveness [8].

Mobile health (mHealth) and eHealth interventions are gaining
popularity, as such interventions have the potential to reach a
large target group, can easily be adapted to new groups, are
available 24/7, and can be cost-effective [8-10]. However, for
eHealth interventions targeting parents of preschoolers to be
effective, one needsto taketheinterplay between parents needs
and the eHealth intervention’s content into account. This means
that the information provided has to fit with the child’s age, be
relevant, be easily accessible by the parents, and be perceived
asengaging and meaningful [9]. Although the usage and parental
satisfaction of eHealth interventions are crucial, little attention
has been given to process evaluation of eHealth interventions
targeting parents of young children, addressing intervention use
and parental intervention satisfaction.

A few other studies have reported on parental use and
satisfaction of eHealth interventions targeting young children.
One is the Early Food for Future health study, in which Helle
et a [11] found that a high proportion of parents used the
intervention website and were well satisfied. A recent paper
from the Growing Healthy Program in Australia reported both
guantitative and interview dataon how parents used and whether
they were satisfied with an infant health app, concerning mode
of delivery and how the quality of the app was perceived [12].
They found that factors such as previous knowledge and parity
affected how the participants appreciated the app. Thishighlights
the need for identifying whether there are differencesin the use
and satisfaction with the app according to group characteristics.
Within public health, there is a focus on socioeconomic
differences in health and how to reduce this gap [13]. eHealth
interventions aim to improve health and should, ideally, work
equally well in different socioeconomic groups, meaning that
use and perceived satisfaction should be similar in different
socioeconomic groups, including in groups with different
educational levels.

We have previously developed and evaluated the effect of a
dietary eHealth intervention called Food4toddlers in a
randomized controlled trial, targeting parents of
12-18-month-old children [14]. The objectives of this study
wereto conduct aprocess evaluation of thiseHealth intervention
by examining the usage and perceived satisfaction of the
intervention website among parents of toddlers and to explore

https://humanfactors.jmir.org/2020/3/€18171
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whether this differed according to educational level and number
of children in the household.

Methods

Study Design

Food4toddlers is a randomized controlled trial, aiming to
promote healthy dietary habits among toddlers[14]. A total of
404 parents of 12-month-old children were recruited through a
Facebook advertisement, who then responded to a baseline
guestionnaire and were randomized into an intervention group
and acontrol group. Participantsin the intervention group were
given accessto the Food4toddlerswebsite for 6 months. Further,
they responded to questionnaires immediately after the end of
the intervention (follow-up 1) that included process evaluation
measurements, and again 6 months postintervention (follow-up
2).

Eligibleindividualswere parents of children born between June
2016 and May 2017. The parents had to beliteratein Norwegian.
Of the 404 recruited parents, 298 (73.8%) filled in more than
half of the baseline questionnaire which was the minimum
requirement to be randomized into either the control or
intervention group (n=148). Postintervention, at child age 18
months (follow-up 1), 220 participants completed all or parts
of the questionnaire, with 99 of these from the intervention
group. Details of the recruitment strategy, the development of
the intervention, and the randomized trial are described in the
study protocol [14]. The study was approved by the Norwegian
Centre for Research Data on June 08, 2016 (reference number
48643). Informed consent from parents was obtained when they
signed in online for participation. Data from the intervention
group at baseline and follow-up 1 are reported in this study.

The Food4toddlers eHealth I ntervention

The intervention group had 6 months of access to the
Food4toddlers website which comprised 4 main elements: (1)
lessons (n=22) on how to provide healthy food and create a
healthy eating environment for the toddler, (2) recipes, (3) a
discussion forum, and (4) basic information about food and
beverages (called Good to know). Initially, the web page was
limited to information relevant for the child's age at baseline
and gradually expanded in 20 steps as the child got older. The
participants received a weekly email with a link to the newly
available information. Each module had elements of activities,
such as quizzes, videos to watch, facts, and myth busting [14].

Data and M easurements

In this paper, we present the following elementsfrom the process
evauation: (1) the exposure or usage of the intervention, (2)
parental satisfaction with the intervention, and (3) parental
perception of learning something new from the intervention.
To assess the exposure or usage of the website we used data
automatically registered by the Learning Management System
NEO. NEO is a platform for managing digital classroom
activities and tracking student achievement. It has an intuitive
design, making it easy to obtain accessto information. The user
data were manually retrieved from NEO. The data accessible
were (1) number of days the participants accessed the website,
(2) the use of the 22 Food4toddlers lessons, and (3) activity on
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a discussion forum. No data on the use of the recipes and the
Good to know section were available. Some participantsvisited
the website but had no reports on the use of any lessons. They
were coded as 1-day users because they theoretically could have
used the rest of the website except the lessons (eg, recipes).

In addition to the automatically registered information on
participant’s use of the website, we used data from the
postintervention questionnaires. The intervention group
responded to questions about the use and satisfaction of the
intervention’s website at follow-up 1 (end of intervention).
Parentswere asked how many of the recipesthey had tried, with
response alternatives none; none, but was inspired; 1-5; 6-10;
and 11 or more. We further asked them which part of the
intervention they found most useful (lessons, recipes, Good to
know site, or whether they did not know what they preferred).
Further, the parents graded statements about their satisfaction
(1-7) with the intervention and perception of learning something
new (8): Do you agree or disagree with these statements: (1)
The content was well adapted to my child's age, (2) The text
was understandable, (3) The website was user-friendly, (4)The
website had an appealing layout, (5) The recipes were easy to
follow, (6) The recipeswere easily adapted for the whole family,
(7) The films for the recipes were useful, and (8) | learned
something new. The response aternatives were given by a
5-point scale from 1=strongly disagree to 5=strongly agree with
an additional |1 don’'t know response alternative. The answers
wererecoded into 3 groupsfor the analysesin this paper (agree,
indifferent, or disagree).

Other Measures

Parents’ height and weight were self-reported. For their child,
measures recorded at the health care centers were reported if
available. The participants reported their age and their child's
age at baseline. Further, they reported the number of persons
in the household in 2 different questions: (1) number of adults
and (2) number of children. They aso reported county of
residence and marital status (married, partnered, single,
divorced/separated, widow/er, or other). The number of children
in the household was dichotomized into those with 1-child
households and those with more than 1 child in the household.
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Participants a so reported on their level of education (primary
school or less, primary schools plus 1 year of further education,
high school, vocational school, upper secondary school or less,
college/university [<4years], college/university [>4years],
other, and do not know). Only 18 personswere categorized with
no higher education, which is a low number when doing
subanalyses; therefore, we dichotomized the education variable
aspresented above. Consequently, the comparisonsin this study
were between parents with more than 4 years and those with 4
years or less of education, and between parents with 1-child
households and those with more children in the household.

Statistical Analysis

Means with standard deviations for continuous variables and
frequencies and percentages for categorical variables were
reported. The chi-square tests were used to test potential
differences in the perceived value of the intervention between
the 2 education groups and according to the number of children
in the household. Independent samplet tests were used to test
potential group differencesfor continuousvariables. All analyses
were conducted in SPSS version 25 (IBM). Statistical
significance was set to the P<.05 level.

Availability of Data and Materials

The data set supporting the conclusions of this article will be
availablein the UiA Open Research repository.

Results

Participant Characteristics

The characteristics of the participants included in the
intervention are summarized in Table 1. Mean parental agewas
31.5 years (SD 4.2; Table 1). Most participants were mothers
(144/148, 97.2%), lived in 2-adult househol ds (148/148, 100%),
and were born in Norway (132/148, 89.1%). There were
participantsfrom all over Norway, originally reported by county
of residence, with representation from all 19 Norwegian
counties; however, these data are presented in Table 1 as
numbers from each of the main parts of Norway. Of the
participantsin theintervention group, 56.4% (83/147) had more
than 4 years of university education.
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Table 1. Baseline characteristics of parents and toddlers in the intervention group (N=148).

Characteristic Intervention group
Parent
Mother/father (n) 144/4
Age (year), mean (SD) 31.5 (4.4)2
Height (cm), mean (SD) 169 (6.0)
Weight (kg), mean (SD) 70.8 (14.3)
BMI (kg/m?), mean (SD) 24.9 (4.6)
Two-adult household®, n (%) 148 (100)
Total number of household members, mean (SD) 3.6 (1.0)
Born in Norway, n (%) 132 (89.1)
Educational level?
L ess than college/university (<4 years), n (%) 64 (43.5)
College/university (>4 years), n (%) 83 (56.4)
Geographic residence
Northern Norway, n (%) 8(5.4)
Central Norway, n (%) 16 (10.8)
Western Norway, n (%) 34 (22.9)
Southern Norway, n (%) 24 (16.2)
Eastern Norway (including Oslo), n (%) 66 (44.5)
Toddlers
Age (months), mean (SD) 10.9 (1.3)
Child's sex: Female, n (%) 69 (46.6)

%0ne missing case in this variable.
BLive together with the other parent.

Participants Use of the Intervention (Usage)

All 148 personsin the intervention group were included in the
analyses based on dataretrieved from NEO, including 1 person
that first got accessto the intervention and then decided to quit
and 2 participants that did not get access mistakenly (all 3with
no access data). From the NEO data we found that 13.5%
(20/148) of parentsin the intervention group did not enter the
website at any point (Table 2). The mean number of days of
accesswas 7.4 (SD 7.1). Each of the 22 lessons comprised more
than 1 webpage and we registered whether the participants had

https://humanfactors.jmir.org/2020/3/€18171

completed the entire lesson or not. On average, the participants
completed 8 of 22 lessons (range 0-22; Table 2).

Intheintervention group, 99/148 (66.9%) participants answered
at least parts of the questionnaire at follow-up 1. However, only
83/148 (56.1%) participants answered the last questions in the
guestionnaire that concerned the website use. When evaluating
the use of the individual components on the website, most
participants in the intervention group reported having used 1-5
recipes (38/83, 46%) or none but was inspired (27/83, 33%;
Table 2).
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Table 2. Participants' use of the intervention website and recipestried.

Roed et d

Intervention use® Value
Website use (N=148)

Did not enter, n (%) 20(13.5)

Days of access, mean (SD); min-max 7.4(7.1);0-32

Finalized lessons, mean (SD); min-max 8.0 (7.6); 0-22
Recipes (number) tried (N=83)°

None, n (%) 8(10)

None, but was inspired, n (%) 27 (33)

1-5, n (%) 38 (46)

6-10, n (%) 9(12)

11 or more, n (%) 1(2)

3Data were retrieved from the Food4toddlers website. One participant got access to the intervention but decided to quit. Two did not get access to the

intervention mistakenly. These 3 are included in the reported numbers.

bQuestions answered at follow-up 1 (postintervention at child age 18 months).

Use of thelntervention Website Accor ding to Parental
Education and Number of Children in the Household

Participants with more than 4 years of university education
accessed the websitefor significantly more days than those with
alower educational level (P=.04). In addition, those with more
than 4 years of university education completed more lessons

than those with fewer years of education (P<.05). There was
also a difference in use between parents living in 1-child
households and those living in a household with more than 1
child. Parents in 1-child households accessed the website for
significantly more days compared to those with more children
(P=.04; Table 3).

Table 3. Comparison of website use between education groups (N=147) and between 1-child and >1 child households (N=148).

Analyzed component <4yearsof university >4 yearsof university  p g, Householdwithl — Householdwith>1  p g P
education® (N=64) education® (N=83) child® (N=86) child® (N=62)

Days of accessin total, 5.9(6.8) 8.4 (7.2 .04 8.3(7.8) 5.8(5.7) .04

mean (SD)

Number of lessonsfinished, 6.6 (7.3) 9.1(7.7) <.05 8.9(7.8) 6.7 (7.2) .09

mean (SD)

3Parents were divided based on educational level into those with 4 years or less of university education and those with more than 4 years of university

education.
by ndependent samplet test.

CAsked about how many children were included in the household, divided into 1 child versus more children.

Satisfaction of thel ntervention Website'sM odulesand
Topics

When asked about what part of the intervention website the
participants found to be most useful, 43% (36/83) were most
satisfied with the recipes, whereas 31% (26/83) valued the
modules asthe most useful part of theintervention. Participants
also reported to which degree they agreed with different
statements regarding how they found the intervention website.
The majority of the participants agreed that the website content
applied to their child's age (71/83, 86%) and that the textswere
easy to understand (79/83, 95%). Most parents in the
intervention group reported that they appreciated the interface
(52/83, 63%) and layout (46/83, 55%). We also asked to which
degree the participants valued the recipes and films. In total,
83% (62/75) found the recipes easy to follow, and 80% (60/75)
found them easy to adjust to thewholefamily. Only 32% (24/75)
found thefilms posted on theintervention website useful. There
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were no significant differencesin how theintervention website
and the recipes were valued between those with more than 4
years of university education and those with alower educational
level (data not shown).

Therewaslow activity in the discussion forumincluding in the
learning platform. The most active participant posed questions
and responded 5 times, whereas 7 other participants posed a
single question during the period when they had access to the
forum. The first author (MR) of this paper responded to all
guestions.

Perceived Acquisition of New Knowledge From the

I ntervention Website According to Educational L evel
and Number of Children in the Household

Intotal, 61% (51/83) reported that they learned something new
from theintervention website (Table 4). Therewasaborderline
significant difference between educational groups when asked
whether the participants had |earned something new (P=.052).
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More of the highly educated participants agreed that they had moderate education were indifferent to this statement (Table
learned something new, whereas more participants with  4).

Table 4. Perceived acquisition of new knowledge among parents in the intervention group according to educational level and number of children in
the household, through response to the prompt "Think of the Food4toddlers website in total, and indicate how strongly do you agree/disagree with the

statement | |earned something new?"

Statement All <4 yearsof university >4 yearsof university Pvalue  One-child house- >1childinhouse- P vaue
(N=83)  education? (N=33) education? (N=50) hold® (N=52) hold® (N=31)

Agree, n (%) 51(61) 17(52) 34 (68) _c 35(67) 16 (52) _c

Indifferent, n (%)  21(25)  13(39) 8(16) _c 12 (23) 9(29) _c

Disagree, n (%) 11(13)  3(9) 8 (16) .05 5(10) 6(19) 30

3parentswere divided based on educational level into thosewith 4 years or less of higher-level education and those with morethan 4 years of higher-level

education.

bParents reported how many children were included in the household, divided into 1 child versus more children.

°Not applicable.

Discussion

Principal Findings

Most parents today use the internet to obtain information
relevant to their child's health [15]; however, they report that
they need more training to distinguish between trustworthy and
not trustworthy sources [16]. In the Food4toddlers study, we
devel oped a website with evidence-based information relevant
to toddlers' diet, food environment, and parenting practices.
More than 86.5% (128/148) of parentsin theintervention group
visited the website and most of them found the website useful,
especially the modules and the recipes. The website content,
texts, and interface were highly valued by most parents, which
may have influenced parental engagement on the website.
Besides, most parentsin the intervention group found the content
applicable to their child’'s age. Thisisan important result, asit
is established that finding the information presented appropriate
and given at the right time are essential to change behavior [9].

Although the participants rated the reci pes as the most important
part of the intervention, they did not find the films made for the
recipes as useful as the other components. This may indicate
that written recipes might be sufficient for use, or that our
produced films did not quite suit the target group. Few
participants used the discussion forum which was a part of the
website. It might be that parents discussin other online forums
and that our forum seemed new and different, or of no need.
Using aclosed Facebook group, which isacommon discussion
forum type, might have increased the activity in the discussions.
Thisis supported by a study by Boswell and collaborators [17]
in which parents reported Facebook as the preferred digital
platform for participating in an intervention. However, in the
parent-focused Time2bHealthy study closed Facebook groups
were made available, but less than 40% agreed or strongly
agreed that the Facebook component was useful [18]. Our goal
with including such a discussion forum was that participants
could motivate each other and share experiences, however, as
also others have found [ 18], theinclusion of such aforum might
not be worth the effort of setting up.

A total of 13.5% (20/148) of parents who had access to the
intervention website did not enter it at any point, whichishigher
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than what isobserved in other studies. The Swedish MINISTOP
study had avery high websitevisitor rate[19], possibly because
the investigators met the participantsin person and called them
on the phone 2 days after log-in instructions were delivered.
Although we sent email reminders to the participants who did
not log in, the adherence might have been higher by adding, for
example, aphonecall asinthe MINISTOP study. Other studies
have also emphasized personal contact (eg, the Australian
Time2bHealthy study) [18]. However, the costs rise with more
intensive follow-up of participants and will limit distribution
to alarge population. In addition, the website visitor ratein our
study is probably morein line with what can be expected when
offering access to a web-based learning tool outside a test
situation. Boswell and collaborators [17] interviewed parents
about their preferred mode of intervention participation and
found that they preferred a combination of online sources
(websites, email, or Facebook). Parents with lower education
levels also preferred this combination; however, in this group,
more parents wanted to combine the online scores with
face-to-face components[17]. It isworth noting that the use of
more advanced push notificationsisincreasingly being used in
digital health interventions [20,21], and could have boosted
both the participation and the parental engagement on the
website.

There were differencesin website use between education groups
and between those with 1 or more children in the household. It
is somewhat surprising that those with the highest education
spent more time using the website, and also that there is a
borderline differencein whether they found that they had learned
something new from the website, with results in favor of the
more educated parents. Taki and collaborators [12] reported
that parents defined as knowledgeable in parenting skillsfound
eHedlth interventions less useful because they did not learn
anything new from it. Having a higher education does not
tranglate directly into parenting skills, and one could speculate
that higher education creates a higher drive to learn more.
However, in the light of public health efforts to reduce social
differences in health, this finding is not a positive one, as it
indicates that interventions of this kind might increase the
socioeconomic divide. It isworth noting that the cutoff between
education groups in this study was set high, due to the
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educational characteristics of the sample. The findings of this
study may, therefore, indicate that there are differences in the
gain of health-related information aswell between parentswith
higher education. Although we included a diversity of user
groupsin the devel opment phase of the intervention, including
mothers of lower socioeconomic group, we could have put even
more emphasis to tailor the content and interface to different
groups. A pilot study including parents with different
socioeconomic groups or parents with different educational
levels would probably have given valuable input, especially
followed by interviews targeting both high and low adherent
participants.

It was not surprising that those with more children in the
household, and thereby more experiencein feeding toddlersand
potentially lesstime available, spent lesstime on theintervention
than those in 1-child households. Thisisin line with what Taki
et al [12] describe, that is, previoudly acquired knowledge about
infant feeding yieldslower engagement in eHealth intervention
of that topic.

Strengths and Limitations

We obtained objective information about parental accessto the
intervention from the learning management system (NEO). This
means we did not need to solely rely on participants
self-reported responses to the postintervention questions, which
is a clear strength of this study. When interpreting the effect
results of thisintervention, it is a clear strength that a detailed
process eval uation has been conducted.
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Abstract

Background: Despite making great strides in improving the treatment of diseases, the minimization of unintended harm by
medication therapy continuesto be amajor hurdle facing the health care system. Medication error and prescription of potentially
inappropriate medications (PIMs) represent a prevalent source of harm to patients and are associated with increased rates of
adverse events, hospitalizations, and increased health care costs. Attemptsto improve medication management systemsin primary
care have had mixed results. Implementation of new interventions is difficult because of complex contextual factors within the
health care system. Abstraction hierarchy (AH), the first step in cognitive work analysis (CWA), is used by human factors
practitioners to describe complex sociotechnical systems. Although initially intended for the nuclear power domain and interface
design, AH has been used successfully to aid the redesign of numerous health care systems such as the design of decision support
tools, mobile patient monitoring apps, and a telephone triage system.

Objective: This paper aimsto refine our understanding of the primary care office in relation to a patient’s medication through
the development of an AH. Emphasis was placed on the elements related to medi cation safety to provide guidance for the design
of a safer medication management system in primary care.

Methods: The AH development was guided by the methodology used by seminal CWA literature. It was initially developed
by 2 authors and later fine-tuned by an expert panel of clinicians, socia scientists, and ahuman factors engineer. It was subsequently
refined until an agreement was reached. A means-ends analysis was performed and described for the nodes of interest. The model
representsthe primary care office space through functional purposes, valuesand priorities, function-related purposes, object-rel ated
processes, and physical objects.

Results: Thismodel depictsthe medication management system at various levels of abstraction. The resulting components must
be balanced and coordinated to provide medical treatment with limited health care resources. Understanding the physical and
informational constraints on activities that occur in a primary care office depicted in the AH defines areas in which medication
safety can be improved.

Conclusions: Numerous means-ends relationships were identified and analyzed. These can be further evaluated depending on
the specific needs of the user. Recommendations for optimizing a medi cation management system in aprimary care facility were
made. Individual practices can use AH for clinical redesign to improve prescribing and deprescribing practices.
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Introduction

Background

Despite making great strides in improving the treatment of
diseases, the minimization of iatrogenic harm continues to be
amagjor hurdle. The process of treating illness often requires
the use of medicationswith known adverse effects. The delicate
balance of risk versus benefit is often complex and
individualized, making it difficult to be addressed properly.

Medication error is a common cause of patient morbidity and
mortality [1]. Medication safety encompasses preventing
medication errors (eg, giving the wrong drug) as well as
preventing harm associated with the intentional prescription of
otherwise appropriate medications. Medication safety and thus
the prevention of medical error require both the appropriate
prescription of medication as well as their subsequent
deprescription, aconcept devel oped to address overprescribing

2.

Two important concepts in medication safety, especialy
significant in promoting deprescribing, are polypharmacy and
potentially inappropriate medications (PIMs). The term
polypharmacy is defined as the use of multiple medications
concurrently by asingle patient. These concepts assist with risk
stratification for drug-drug interactions and adverse drug events.
The exact number of medications varies among researchersand
clinicians, but it is often considered to be 5 or more medications
[2]. Medication is classified asa PIM if therisk of an adverse
event is likely to outweigh its clinica benefit [3].
Patient-specific contextual factors, such as age and
comorbidities, often drive the classification of drugs as PIMs
that may otherwise be the standard of care. Both polypharmacy
and PIMs pose an increased risk to patients, including increased
rates of adverse events, hospitalizations, and increased costs

[4-7].

Factors that contribute to medication safety are both at the
system level, such as communication and system workflow, as
well as the individual level, such as clinician education and
experience. Screening tools, such as the Beers criteria, have
been developed to assist in theidentification of PIMs[3,8,9] in
hopes of aiding providers in the identification of patients and
medication that may require deprescribing actions. Tools that
assist the provider in determining the appropriateness of the
medication increase their willingnessto deprescribe [10]. They
have been applied in clinician-provided medication reviews,
patient education and activation, and clinical decision support
tools [11-16]. However, despite the availability of these
resources, PIMs and polypharmacy continue to be a prevalent
problem [17].

However, applying appropriate deprescribing concepts into
clinical practice has proven to be not so straightforward.
Individual clinicians report difficulty in addressing theseissues
due to barriers such as lack of time, lack of published clinical

http://humanfactors.jmir.org/2020/3/€18103/

guidance of when and how to stop medications, and fear of poor
disease outcomes related to stopping medications [18-20].
Meanwhile, system-based interventions designed to optimize
the medication regimen of a patient population often have
difficulty being implemented into existing, complicated health
systems [21]. Implementation factors, such as the lack of
pharmacist integration into the medical team, resource
constraints, and individualized patient needs, limit the
effectiveness of interventions. Traditional methods, therefore,
may be insufficient to tackle such a complex problem, perhaps
providing an explanation for the continued adverse outcomes
associated with medications.

In search of effective medication management strategies that
support medication safety and deprescribing for everyday
clinical practice, we propose to start by examining medication
management in primary care as a system. To fully understand
deprescribing, the management system as a whole can be
evaluated with the long-term goal of promoting medication
safety and removing PIMs. The primary care office represents
a hub for clinicians and patients to exchange information and
address medication issueson aregular basis. Exploring thishub
in asystematic manner, informed by methods of human factors
engineering, can help understand medication management and
thus can be utilized to understand both barriers and facilitators
of deprescribing.

Objectives

As a first step toward understanding current practices in
deprescribing at the primary care level, this paper presents a
model of primary care medication management in the form of
an Abstraction Hierarchy (AH), which seeks to describe the
possible actions and constraints of work performed within a
system [22]. By emphasizing the functional structure of awork
system, rather than describing specific concrete situations,
information regquirements can be extracted from an AH that is
independent of events and time, and thus can be used to design
systems and interfaces that can handle novel and unexpected
situations.

AH has been successfully applied in health care to understand
domain constraints to facilitate the design of decision support
tools [23], mobile patient monitoring apps [24], a telephone
triage system [24], and various other workflow decision tools
[23,25,26]. For example, Effken et al [23] modeled nurse’'s
decision support needs and constraints of the workplace on the
design of computer interfaces to provide that support. Ge rges
et a [24] identified decision support needs required for
monitoring patient vitals and communicating with other
providers in the unit. This was used to create a mobile app for
al nurses in the unit to check patient status and respond
accordingly. These displays depict data at various levels of
abstraction to visually represent the relationships between the
required data components and complete tasks.
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Unlike other analysis methods, such as task analysis (which
aims to model the best set of actions to achieve a goal) or
cognitive task analysis (avariant of task analysisto account for
behavioral variability associated with different cognitive
strategies), the AH emphasizes the system constraints and
capabilities that operators act on (in contrast to task analysis of
what operatorsdo). These constraints and capabilitiesmay then
be used to explicitly identify information requirements for
system design or redesign that can better support problem
identification, efficient diagnosis, and effective problem
solving. Information requirements extracted from an AH have
been shown to differ from those generated from a hierarchical
task analysis [27]. One significant difference between the 2
approachesisthat task analysisis context dependent, such that
actions and behaviors are derived for aspecific goal or function.
In contrast, an AH may be bounded by a context of useto help
focus on the scope of the model, but is more widely applicable
to the system across a broad range of situations [27]. For
example, St-Maurice and Burns[28] devel oped an AH to model
patient treatment. This analysisis bounded by activitieswithin
the clinician’s control, but does not exclude activities outside
that specific workflow, such as processing the patient’s arrival
to the office.

The aim of this paper was to refine our understanding of the
primary care officein relation to a patient’s medication through
the development of an AH. In doing so, AH can be utilized as
a guide for future studies, interventions, quality improvement
aswell as system and interface design.

Methods

Initial Drafting

AH isamodeling tool that isapart of thework domain analysis,
the first (out of 5) phase of cognitive work analysis (CWA), a
human factors research approach for the analysis, design, and
evaluation of work in complex sociotechnical systems.
CWA was originally developed for use in the nuclear power
industry to address the need for an optimized interface design
of complex systemsto prevent industrial accidents[29-31]. The
methodology has since been adapted to a broad range of
different sociotechnical systems, including health care.

Stanton et a [30] described a systematic way of approaching
an AH. Thismethodol ogy was utilized in our approach. Previous
work, such as Read et a, Ashoori et al, Pigenot et a, and Xu
et al [26,32-34], guided our analysis. This process included
determining system boundaries, review, and consensus by a
team of experts, followed by adetailed analysis.

Determining the boundaries of the system, the first step in
developing an AH requires capturing the appropriate amount
of detail to describe the work taking place without populating
the model with information irrelevant to the model’s objective
[35]. Our moded is intended to capture the medication
management system of atypical primary care office. Primary
care offices are central to all subdivisions of health carein the
outpatient setting. Due to its central role in care coordination
and disease prevention, the primary care office was an ideal
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system for addressing medication safety. We considered
clinicians to be the users of the system in our analysis.

Once the system of interest was determined, the AH was
iteratively drafted in 2 alternating phases. The first phase
included initial drafting of the components of the medication
management system as nodes by 2 authors (TK and AB), one
being aPhD student in human factors engineering and the other
a resident physician in family medicine. Each node was
subsequently added to an appropriate level of abstraction.
Previous literature on AH methodology guided node creation
and placement.

Once each node was categorized at the appropriate level of
abstraction, connections between nodes were made. Connections
between nodes, aso known as means-ends links, were then
made. A means-ends link represents the connection of a node
with nodes on a different level of abstraction. Each node was
connected below its supporting nodes. In addition, each node
was connected above its higher-level function or purpose. For
example, the Patient Assessment node is connected above its
end goals of Patient-Centered Care and Appropriate Use of
Medications. The Patient Assessment node is simultaneously
connected to the means by which it is accomplished below,
which includes Chart Review, History and Physical,
Out-of-Office Communication Protocols, and Diagnostic Tests.
Thus, the resulting AH has each component of the system
categorized into 5 levels of abstraction, with relationships
between nodes being clearly demarcated.

M odel Refinement

The second phase consisted of al authors coming together in
an expert panel review of thedraft AH. In addition to the student
researchers, our team included 2 board-certified geriatric
pharmacists, aclinical pharmacist, afamily physician, ahuman
factors engineering researcher, and social scientists. Collectively,
the authors have extensive experience in education and research
on PIMs, polypharmacy, deprescribing, and human factors
analysis. Panel discussions provided key insightsinto atypical
workflow of a primary care office, medication safety, ethical
principles, and practical constraintsin aclinical setting. Iterative
discussions among the authorsinformed the subsequent revisions
of the AH until afinal model was agreed upon.

Once finalized, the AH was accepted to successfully represent
the medication management systemin aprimary care office. The
authors then carefully reviewed the AH with a focus on
medication safety and deprescribing. On the basis of the AH
and the existing CWA literature, recommendations for system
design and improvement were drawn.

Results

Overview

The resulting AH graphically modeling the medication
management system of a primary care office is depicted in
Figure 1. The AH isarepresentation of the system at work. The
model depicts each component of the medication management
system in primary care at 5 different levels of abstraction. The
top isthe most abstract, and the bottom is the most concrete. In
addition, it visually depicts the relationships between each
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component via means-ends links. With a model of the system
at hand viathe AH, the system can subseguently be optimized
and improved. Although this AH can be utilized for a broad
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range of medication-related systems issues, we focus on
deprescribing and medication safety.

Figure 1. Abstraction Hierarchy of the medication management system in primary care.
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Functional Purpose

Thefunctional purpose of the system isdepicted at thetop level
of the AH. Thislevel represents the overall goals of the system
[30,32]. This level is aso the most abstract. All lower levels
and nodes function to support these top goals. In other words,
the means by which these goals are accomplished are the
connecting nodes below. When optimizing a system, these
top-level nodes are used asthe guiding end goal s of the system.

A total of 2 functional purposes were identified in the AH:
maximize Patient Well-Being and maintain appropriate
Healthcare Resource Stewardship. Maximizing Patient
WEll-Being refers to maintaining or improving the patient’s
current health status. Healthcare Resource Stewardship, as we
define it, entails the effective and efficient mobilization of
resources for the population. Resource allocation includes
appropriate use of clinician’s time and pharmaceuticals when
beneficia to the patient, as well as professional restraint when
clinical benefits are unclear or unproven or are outweighed by
real or potential harm.

The modeled system depicts achieving both goals
simultaneously. Typically, these goals work in sync with each

http://humanfactors.jmir.org/2020/3/€18103/
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other for the benefit of everyone involved. Both can be
sufficiently achieved in most scenarios. However, extreme cases
may make achieving both these goal s difficult, thus highlighting
the constraints of the system. For example, some circumstances
may necessitate prioritizing Patient Well-Being over Healthcare
Resource Stewardship.

By understanding the relationships between the overall goals
and the individual components of the medication management
system in primary care, the system can be optimized to achieve
these goals more effectively and efficiently.

Values and Priorities

Values and priorities represent the way in which the system
achievesitsfunctiona purpose[30,32]. They arethe nodes most
closely supporting the overall functional goals of the system.
Each node at thislevel must be considered to support the above
godl s of the system. When optimizing a medi cation management
system, these nodes must be utilized and balanced with each
other to sufficiently support the functional purpose of the
system.

A total of 3 categories of values and priorities were identified,
which consist of Patient-Centered Care, Effective Application
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of Resources, and Appropriate Use of Medications [36]. These
categories can be further classified into distinct yet similar
components.

Patient-Centered Care refers to the clinician finding common
ground with the patient to understand them and to better respond
totheir needs[37]. The central role of the patient isakey ethical
principle used by clinicians to guide their work. The key role
of Patient-Centered Care is consistent with existing literature.
There are many documented benefits of patient-centered care
for Patient Well-Being and Healthcare Resource Stewardship.
Thisincludesimproved patient health, increased care efficiency,
and reduction of unnecessary diagnostic testing and referrals.

If more specificity is required, Patient-Centered Care can be
further classified into Patient Autonomy, Satisfaction, and
Privacy [38]. Patient autonomy refers to the idea that patients
should be involved in their care planning and be allowed to
make their own informed decisions without undue influence
[39]. Patient satisfaction encompasses abroad set of beliefsthat
cannot always be easily measured but must be evaluated in
terms of the setting in which the patient is receiving care [40].
The importance of these nodes is consistent with existing
literature, as satisfaction with primary care services has been
shown to influence a patient’s health-rel ated behaviors, such as
compliance with medications [41].

In addition, Patient-Centered Care includes Reducing the
Patient’s Burden of Disease and Reducing latrogenic Harm.
These conceptsrefer to the worsening of apatient’shealth status
by the progression of their medical condition or through medical
error [42].

Another category at this level of abstraction is Effective
Application of Resources. With limited health care resources
and resources in high demand, any primary care office system
must prioritize the effective application of resourcesto maximize
value to their patient population. This includes minimizing
out-of-pocket costs to the patient as well as minimizing costs
for the health system at large. As expected, the impact of
out-of -pocket expenses on health behavior is clearly observed
by clinicians on aregular basis.

Appropriate Use of Medications is another value and priority
of the medication management systemin primary care. Although
medications carry an inherent risk of iatrogenic harm, an astute
clinician balances this risk with the medication’s benefits to
improve patient well-being and effectively apply health care
resources. To increase the specificity required to optimize the
system, Appropriate Use of Medications can be classified into
several nodes. This includes Maximizing Medication
Effectiveness by using a pharmacol ogic intervention in specific
patients who will benefit most from its effects. It also includes
reducing the use of both high-risk medications and medications
with minimal benefit. In addition, patient-specific risk factors
such as drug-drug interactions and drug-disease interactions
must be minimized. These underlying values and priorities can
be observed regularly when, for example, clinicians reserve
high-risk and expensive medications for patients most likely to
benefit from the medication.
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These values and priorities must be taken into consideration by
the clinician while attempting to achieve the functional goals
of the system. Although sometimes in sync with each other,
certain circumstances may requirethe clinicianto prioritize one
above others. Understanding the competing values and priorities
faced by the clinician is critica in optimizing medication
management in primary care.

Purpose-Related Functions

The next level of abstraction represents the purpose-related
functions. This level is more concrete than those listed above
and represents the work performed by the clinician. These are
the general functions that need to be carried out to support the
above goals of the system [30,32]. When designing or improving
a system, understanding the relationship between these work
functions and the rest of the system is critical.

The purpose-related functions of the medication management
system in a primary care office include Patient Assessment,
Plan-of-Care Formation, Plan Execution, and Information
Exchange.

Patient Assessment includesthe evaluation of all patient-related
information by the associated clinicians and the subsegquent
consolidation of information into a diagnosis. The patient
expects that this assessment will inform the clinician of what
action needs to be taken to maintain or improve their health,
provide a basis for communication between them and their
clinician, and alow them to voice health concernsthat are most
important to them [43]. Specific to our focus, accurate
medi cation admini stration and eval uation of both desired clinical
outcomes and patient reported negative effects are included in
thisfunction. The clinicians ability to assess the patient is one
of their key work functions, and its importance to the overall
system isintuitive. Thisis consistent with what is observed in
the clinical setting, as electronic health record (EHR) systems
frequently have a discrete section for the documentation of a
clinician’s assessment.

Plan-of-Care Formation involves the development of a plan to
address the patient’s concerns and medical conditionsrevealed
during the patient assessment. This plan may includeitemssuch
as initiation, titration, or discontinuation of a pharmacologic
agent, ordering a diagnostic test, regular monitoring, patient
education, or referring to aspecialist for further evaluation [44].
Although informed by the patient assessment, formulating the
plan-of-care represents a distinct work function. When
comparing this model to the real world, the plan of care is
typicaly given its own section of the EHR.

Inthe outpatient primary care setting, Plan Executionisacritical
node that is often performed outside of the office and therefore
left up to the patients or their caregiver. Thisincludes medication
adherence, going for laboratory evaluation, or making
appointmentswith speciaty services. Thisiscommonly referred
to as patient compliance and itsimportance in supporting Patient
Well-Being and Healthcare Resource Stewardship iswell known
to clinicians.

Infor mation Exchange among all relevant stakehol dersisanother
key work function performed in the primary care setting by
clinicians. When comparing our model to areal-world primary
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care office, this refers to the patient education forms, sharing
of medical recordswith other offices, el ectronic communication
with other services such aslaboratories, radiology departments,
insurance companies, and pharmacies.

When observing the work of aclinician, it can be summarized
into 1 of these 4 purpose-related functions. When optimizing
the medication management system in a primary care office,
understanding how these nodes rel ate to the rest of the system,
including the overall functional purpose of the system, is
critical.

Object-Related Processes

The fourth line in the AH represents object-related processes.
These are the processes derived from physical objects,
connecting physical objectsto the higher functions of the system
[30,32]. They are more specific and less abstract than the layer
above. The processes at this level give purpose to physical
objectsin away that servesthe overall goals of the system; thus,
understanding it isimportant for the optimization of the system.

There are numerous nodes at thislevel, ascan be seenin Figure
1. For organizational purposes, many of these processes can be
grouped together as a component of the Patient Visit. This
includes Chart Review, Medication Reconciliation, History and
Physical, Insurance Review, and Patient Education. These
processes accurately reflect the components of apatient visit to
aprimary care office, reinforcing the model’s consistency to a
real-world setting. Additional object-related processes include
Continuing Medical Education (CME), Out-of-Office
Communication Protocols, and Diagnostic Tests.

Similar to other levels of abstraction, these nodes must be
integrated into the nodes above to serve the higher-level goals
of the system. For example, a Medication Reconciliation isthe
process of creating an accurate, up-to-date representation of
what medications the patient is currently taking. However, in
order for it to be clinically useful, it must beintegrated with the
information discovered in the Chart Review and History and
Physical to be clinically useful. This occurs during the
higher-level process of Patient Assessment, where the clinician
interprets and appliesthisinformation to maximize higher-level
goals such as Patient Well-Being. This relationship highlights
how the lower level, more concrete nodes across the system
interact with higher-level ones to achieve the overall goal.

Streamlining these processes with the goal of maximizing
Patient Well-Being and Healthcare Resource Stewardship may
appear initialy difficult. However, the layers of abstraction
between the object-related processes and the functional purposes
facilitate the design of small components of the system to
effectively support the overall goal of improved medication
safety.

Physical Objects

The fifth line and bottom of the AH represent the physical
objects in the primary care office. At the bottom, these nodes
are the most concrete of the AH. These are the resources and
tools that clinicians use to make the system function [30,32].
However, without the processes previously listed, these objects
have no relation to the overall goas of the system.
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Although these may vary dlightly depending on the specific
office being evaluated, many of these objectsare universal. This
includes the Patient Room, Medication List, Educational
Materials, Medical Literature, Medical Insurance Card,
Communication Infrastructure, Office Space and the Electronic
Medical Record (EMR).

An experienced clinician can note the difficulty of achieving
the overall goals of the system, such as Patient Well-Being
without certain resources, like a patient’s Medication List.
However, for the medication list to be most useful, theclinician
needs to perform a Medication Reconciliation, incorporate it
into the Patient Assessment and Plan of Care while negotiating
various priorities such as Patient-Centered Care and
Appropriate Use of Medications. These connections emphasize
the complex task imposed upon the clinician. By understanding
the relationships and processes required by the system, the
medication management system can be optimized with the
clinicianin mind.

Once developed, the AH can be used as a model for the
medication management system in primary care. It visually
depi cts the numerous componentsin aprimary care setting that
needs to be sufficiently supported to achieve the overall goals
of the system. This model can then be used to facilitate system
optimization by guiding future quality improvement initiatives,
research studies, and system and interface design.

Discussion

Principal Findings

By describing the system, it can then be analyzed for
optimization. Our AH describes the medication management
system in a primary care office. Further analysis reveals some
general recommendations for building a primary care office
designed with medication safety and deprescribing in mind.

Interpreting an AH may not be straightforward for those not
accustomed to such representations. Examining a particular
node of interest and its associated links may lead to a more
complete understanding of the functions and constraints
surrounding an element within the medication management
system. The first characteristic to note about anodeisthe level
of abstraction within which it is embedded. Certain general
recommendations, described below, can be provided to optimize
that node based on this information alone. For example, value
and priority are typicaly used as metrics to evaluate the
functioning of the system. Patient Satisfaction, identified here
as avalue and priority, is already commonly used as a metric
in clinical care due to its ability to provide feedback on the
overal functioning of the system.

To evaluate the node of interest even further, ameans-ends[32]
analysis can be performed. The connections below connect to
the supporting nodes, also known as the means. For the node
of interest to work effectively, the supporting nodes must be
designed to sufficiently support the node of interest. For
example, Patient Assessment is supported by a Chart Review.
Thus, the chart review process needs to be designed in such a
way that it facilitates effective patient assessment to achieve
the overall system goals. Some EHR systems clearly display
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medications that previously caused adverse events at the top of
the patient’s chart, making Chart Review simpler and more
streamlined. This quickly and effectively shares medication
safety information for the clinician to incorporate into their
assessment.

In addition, by looking at the connections above the node of
interest, its goals can be seen. These are also referred to asthe
end. The node of interest must be designed with this function
in mind, or else it is not relevant to the overall goa of the
system. For example, Patient Assessment is connected above
Patient-Centered Care. Therefore, patient assessment must be
designed in a way that promotes patient-centered care. This
includes asking questions related to how adisease isimpacting
their life (Reduce Burden of Disease), their input for what the
patient would like to be done (Patient Autonomy), and asking
about any possible medication side effects (Reducing latrogenic
Harm). Without these types of questions, the patient assessment
islimited in its ability to maximize patient well-being, which
is the overall goal of the system. Many clinicians already ask
guestionslike these, intuitively understanding their significance.

Although these examplesreflect existing primary care practices,
AH can also be used to suggest new practices that can be
incorporated into quality improvement, research, and system
and interface design. Some of the selected suggestions are
explored in this analysis, leaving many more to be uncovered
by further eval uations of the AH. The suggestions derived from
the AH areinherently abstract but can be used to guide concrete
improvements to the system.

Functional Purpose

The 2 functional purposes, Patient Well-Being and Healthcare
Resource Stewardship, represent the high-level design objectives
[30,32]. When atering system design, for any reason, it should
be asked how the changes will end up impacting these 2 goals.

For example, when a quality improvement project is being
proposed, it should include an evaluation of its anticipated
impact on both Patient Well-Being as well as Healthcare
Resource Sewardship. A given project may benefit both
simultaneously or benefit one while harming the other. Any
negative impact can be addressed and mitigated ahead of time,
preventing a needless headache | ater.

Valuesand Priorities

Values and priorities, representing the second highest goal of
the system, reflect the overall functioning of the system.
Monitoring these nodes provides insight into how the system
isfunctioning [32]. By using these nodes as metrics, deficiencies
in the system can be readily identified and addressed. Many of
these are already in use as quality metrics in the primary care
setting, such as patient satisfaction.

AH suggests that other metrics should be considered. The
number of high-risk medications currently being used in agiven
patient population can reflect the effectiveness of the system.
Thismetric isalready used in research protocolsto evaluate the
effectiveness of interventions designed to deprescribe PIMSs.
Continuous monitoring of medication effectiveness may reveal
the prevalence of ineffective and unnecessary medications in
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the primary care office. Keeping track of a patient’s
out-of -pocket costs can be an evaluation of the financial strain
that the current prescribing practices are placing on the patient.
All of these measurements, and others visually depicted as
valuesand prioritiesinthe AH, may provide deeper insight into
the functioning of the medication management system in
primary care.

It isimportant to note that these values and priorities may bein
conflict with one another, highlighting constraints on the system.
The reduction of high-risk medications, as with the example
above, must be balanced by reducing the burden of illness. This
conflict has been reported in the real world during interviews
with providers [18-20]. By identifying these conflicts ahead of
time, they can be more easily addressed. Educating clinicians
on how to navigate these conflicts may reduce the resulting
burden on the system. For example, teaching clinicians to
prioritize Patient Autonomy when making this difficult judgment
call and thus morphing the conflict into an opportunity for the
patient to take control of their care.

Purpose-Related Functions

Purpose-related functions are the core work functions performed
by clinicians. The design approach of task delegation,
workflows, and user interfaces must be centered around these
purpose-rel ated functionsto achieve the af orementioned values
and priorities. Innovative and creative solutions are needed in
the design of teams, user interfaces, task delegation, and
workflow that effectively balance all the af orementioned values
and priority nodes [32].

For exampl e, Patient Assessment iscompletely delegated to the
individual provider evaluating the patient. However, another
model uses a more team-based approach. This may include
delegating a component of this task to an in-house pharmacist
dedicated to uncovering medication safety issues and making
recommendations for deprescribing. This model has had some
success in reducing the number of PIMs in a patient panel. In
thissituation, the pharmacist is utilizing the bel ow means nodes
such as Chart Review, Medication Reconciliation, and History
and Physical to promote the higher-level end goals of the
system, such as Appropriate Use of Medications and
Patient-Centered Care [45]. The impact of this change can be
monitored viathe values/priorities aslisted above, allowing for
further iterations and fine-tuning for optimal results.

In addition, the importance of plan execution to support
higher-level functions can be visually interpreted. Despite the
primary care office being the coordinator of care, the actual
execution of the care plan is often left up to the patient or their
caregiver. This node may be the source of the deficiencies seen
in the system. By supporting the Plan Execution, through the
supporting nodes of Patient Education and Out-of-Office
Communication Protocols the overall goals of the system may
be better achieved. Examples of this could include a
comprehensive patient education strategy as well as frequent
follow-up after leaving the office.

Object-Related Processes
These nodes represent the tools and subprocesses that connect
the physical objects to the higher functions and goals of the
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system. This level of abstraction can be optimized by the
creation of novel and flexible tools that can be used to support
the above end nodes. [32].

The AH shows how Medication Reconciliation is required to
support Patient Assessment, Plan-of-Care Formation, and
Information Exchange. Proper medication reconciliation, one
that accurately documents the patient’'s most up-to-date
medication regimen, is therefore ripe for improvements that
will have a large impact on the functioning of the system. As
an example, one can envision an application that consolidates
medication information from the patient, the pharmacy, and
other prescribers and easily shares that information accurately
with the primary care office. To be effective, this tool has to
efficiently support the above Patient Assessment, Plan-of-Care
Formation, and Information Exchange nodes.

Many of the tools described in the medical literature are
incorporated at this level. The creation of tools that are easy to
use and fit efficiently within aworkflow can be applied hereto
promote deprescribing. The Beerscriteria, an existing screening
tool, assists cliniciansin formulating an assessment of the patient
and has been used to assist with deprescribing. Another example
of ahypothetical tool to promote deprescribing may be one for
identifying and tracking previous adverse drug events (ADES).
Although aclinician may be ableto find aprevious ADE within
the electronic medical record, this information is often not
readily apparent. A tool that can perform this function is easy
to use and fits into the existing workflow would support the
patient assessment as well asinformation exchange.

Physical Objects

Physical objects, thelowest and most concrete level of the AH,
are required to support al of the higher-level goas of the
system. They are the means by which the clinician directly
interacts with the system. For these objectsto be most effective,
they should be designed with flexibility in mind and offer
clinicians choices that can be adapted for new and unforeseen
circumstances [32]. Communication infrastructure is a clear
example of the benefits of tool variability and flexibility in
clinical practice. Most offices have patient-messaging systems,
available phones, fax machines, and Health Insurance Portability
and Accountability Act—compliant texting services among
clinicians. Theclinician hasavariety of communication options
available depending on the specific needs and circumstances
called for by their situation.

EHRs are another opportunity for increased flexibility of the
system. With the AH, it can be seen that EHR systems are
required to support Chart Review. Therefore, a user interface
that facilitates this function is key. To adapt to new and
unforeseen circumstances, EHR systems that are flexible and
allow for customization by the clinician areideal . For example,
a clinician may want to review previously prescribed
medications and reasonsfor their discontinuation toinform their
patient assessment and plan of care. An EHR system that makes
this cumbersome may prevent the clinician from engaging in a
review that may be informative and fruitful for the overall goals
of the system. In other circumstances, however, this additional
information may betoo clustering and cumbersomefor thetask
at hand.
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The same concepts of flexibility and variability can be applied
to other nodes at thislevel. Patient educational materialsshould
allow for variability based on patient health literacy, level of
specificity, and preferred medium. For example, educational
videos about medication side effects to monitor may be amore
effective delivery tool for certain patients, whereas some patients
wanting a deeper diveinto the literature may prefer to be given
direction to validated web-based resources.

Limitations and Future Work

Our AH specifically evaluated the primary care medication
management system from the clinicians perspective.
Developing an AH from the patients' perspective may yield a
similar yet modified AH. The patients' functional purposes are
likely to be consistent with maximizing their well-being. Many
values and priorities will likely overlap between a clinician’s
perspective and a patient’s, including those related to
patient-centered care and the reduction of harm. Greater
differences between these models would be expected in the
bottom 3 layers of the AH where these individuals would
complete different tasks to achieve their goals.

Our AH is based on an expert panel of clinicians and human
factors researchers, not direct observation. Although we
attempted to include many different perspectives, theinclusion
of more clinicians may have yielded adightly different AH. In
addition, all contributors to the model were based in Western
New York. Higher-level purposes and priorities are expected
to be consistent acrossall primary care practicesthroughout the
United States; however, the processes and physical objectswith
which the clinician interacts may differ from site to site. Each
site may modify how they complete these overarching goals
based on the resources available and the population served by
the primary care office.

Our future work includes an observational study, currently in
planning, at a Western New York primary care clinic, and
further observations at different types of primary care sites.
Real-world data of clinicd workflow and observed
patient-clinician interactions would provide valuable data to
help us better understand existing practices and barriers and to
identify opportunities for appropriate prescribing and
deprescribing opportunities. Such datawill significantly add to
the complex relationships model ed for medi cation management
in general and deprescribing in particular.

Conclusions

On the basis of the prevalence of PIMs, the current design of
primary care work is inadequate in addressing the complex
sociotechnical problems related to identifying and addressing
PIMs. Deprescribing concepts, intended to improve medication
safety, have been difficult to apply in the real-world setting.
Our AH, depicted at afairly genera level for the medication
management system in primary care, provides insights and
suggestions for the optimization of the existing system. Some
suggestions were explicitly mentioned in this paper, but
numerous other interpretations can be made by those wishing
to utilizethis AH in theimprovement of aspecific primary care
office.
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Through the interpretation of this AH, human factors
practitioners, administrators, and clinicians may identify and

Baumgartner et a

and processes need to be supported to accomplish the overall
goals of the system.

develop strategiesto optimize the medication management
systems and promote deprescribing in various primary care
settings. By using the available means-ends relationships, the
AH can bevisually interpreted to determine which subsystems

Future studies, including our own efforts, should expand upon
the subsequent stepsin CWA to provide amore complete model
of medication management work in the primary care setting.
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Abstract

Background:

Multiple gaming apps exist under the dementia umbrella for skills such as navigation; however, an app to

specifically investigate the role of hearing loss in the process of cognitive declineisyet to be designed. There is a demonstrable
gap in the utilization of gamesto further the knowledge of the potential relationship between hearing |oss and dementia.

Objective:
gaming app.
Methods:

This study aims to identify the needs, facilitators, and barriers in designing a novel auditory-cognitive training

A participatory design approach was used to engage key stakeholders across audiology and cognitive disorder

specidties. Two rounds, including paired semistructured interviews and focus groups, were completed and thematically analyzed.

Results. A total of 18 stakeholders participated, and 6 themes were identified to inform the next stage of app development.
These included congruence with hobbies, life getting in the way, motivational challenge, accessibility, addictive competition,
and realism.

Conclusions: The findings can now be implemented in the development of the app. The app will be evaluated against outcome

measures of speech listening in noise, cognitive and attentional tasks, quality of life, and usability.

(JMIR Hum Factors 2020; 7(3):€19880) doi:10.2196/19880

KEYWORDS
cognitive decline; mobile phone; hearing loss

Introduction

Background Research

Globally, approximately 50 million people live with diagnosed
dementia, with this figure expected to increase to 82 million in
the next 10 years [1]. At present, no treatment is available to
either cure or prevent dementia, which hasled the World Health
Organization (WHO) to classify dementia as a public health
priority. The call to action is to reduce the risk of developing
dementia through early diagnosis of cognitive decline,
intervention, and eventually prevention.

http://humanfactors.jmir.org/2020/3/€19880/

A commission by Livingston et a [2] concluded that 35% of
dementia diagnoses were potentially preventable and have
identified 9 modifiable risk factors with the capability of
preventing dementia. Of these 9 risk factors, midlife hearing
loss was found to be the highest potentially modifiable factor
a 9%. In comparison, other modifiable factors in later life
included smoking (5%), depression (4%), and social isolation
(2%). This evidence concurswith previous research, suggesting
that age-related hearing loss (presbyacusis) increases the risk
of developing dementiain later life by up to 5times|[3]. Despite
these findings, the causality in thisrelationship is still unknown.
Furthermore, whether any form of rehabilitation, either through
hearing aids, auditory training, or assistive listening devices,
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could delay or prevent the onset of dementia symptomsis also
unknown [2].

The most robust methodology to further investigate this
relationship would be an adequately powered, longitudinal,
randomized controlled trial. A complex study such asthiswould
need to ensure that any treatments, such as hearing aids, were
adhered to throughout the study. The adoption and use of hearing
aids is relatively low. In the age bracket of people aged 55 to
74 years, 80% of people who require hearing aids do not have
them [4]. Thiswould be a key issue to addressin the design of
such atrial. Other methodol ogies should, also, be explored, and
as hearing loss in midlife could be a preventable factor, the
focus, as outlined by the WHO, should be on early detection
and intervention. Cohort studies have suggested that
presbyacusis tends to precede dementia onset by 5 to 10 years
[5]. Interestingly, on average, people tend to wait for 10 years
before they seek help for their hearing loss [6]. Hearing loss
can be diagnosed with a ssmple and quick diagnostic test and
isan easily measurable critical factor in potentially preventing
cognitive impairment.

This study highlights an under-researched group of people who
may be in the early stages of presbyacusis and present with a
mild to moderate hearing loss, do not seek treatment but have
an increased risk of developing dementia. There is potential to
investigate these preclinical symptoms of dementiain thisgroup
by targeting the areas of the brain that contribute to auditory
and cognitive functions, with the possibility of delaying the
onset of these symptoms. Thisareaof research hasthe potential
to impact on what is likely to be one of the largest health care
issues of the next century.

Gamification in Dementia Research

One potentially more achievable aternative to a formal
randomized controlled trial is to engage people in preventing
dementia symptoms through gamification. Gamification has
been shown to be an effective research tool that can demonstrate
and maintain health behavior change[7]. A gamified app would
be highly accessible within the home environment and less
challenging than seeking general practitioner (GP) treatment
for initial changesin cognition.

A literature review of gamesaiding early diagnosis of dementia,
particularly Alzheimer disease (AD) [8], concluded that games
could be utilized to overcome important barriers in the AD
diagnosis process. Delays in self-referral, physician factors,
age, and available services for assessing cognitive disorders
were dl identified as potential obstacles. A gaming app could
be more mativational than a written memory assessment,
maintaining a low cost/high reward ratio if evidence
demonstrated that the appl could delay or prevent the onset of
dementia symptoms.

Anguera et a [9] tested the hypothesis that playing the
three-dimensional multitasking driving video game NeuroRacer
could improve cognition that was previously diminished through
healthy aging. Older adults (n=46) demonstrated less
multitasking costs when compared with controls over a4-week
playing period, with effects sustained at 6-month follow-up. Of
particular importance was the finding of a Transfer of Benefit.

http://humanfactors.jmir.org/2020/3/€19880/
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The authors claim that by playing the driving video game,
participants demonstrated improvements in both working
memory and sustained attention—2 abilities that were not
specifically targeted by the video game. Thistransfer of benefit
outside of the on-task performance was a novel finding. The
authors suggest possible reasoning for this being (1) the use of
a video game outside of atypical laboratory environment and
(2) the custom nature of the video game. Asfar asweare aware,
there has been no attempt to address hearing loss and impaired
speech perception using such an approach.

Another example is Kitchen and Cooking [10], which was
designed and evaluated as a game to assess the executive
function of planning. Different cooking recipes could be played
by participants with mild cognitive impairment (MCI) and AD.
Compared with the AD group (n=12), the MCI group (n=9)
showed significant improvement in the Stroop test performance
over a 4-week period. It is unclear from the results if this
improvement would be sustained over alonger period of time,
asthispilot study collected datafor only 4 weeksacrossasmall
sample. However, the results lend support to the notion that
interventions aimed at training cognitive abilities may be more
effective in the predementia stage [11].

It isunclear whether the MCI group’simprovements compared
with the AD group would have been any different from that of
ahealthy control group. Therewasalarge variability in playing
time within the small sample size. This not only emphasizes
the importance of designing agamethat is capable of engaging
and maintaining interest but also focuses on the ability to
measure level s of engagement and evaluate how different levels
of engagement impact levelsof effect. Assuggested by Anguera
et a [9], the success of NeuroRacer was attributed to the custom
design of the game. Kitchen and Cooking was the premise for
the design because food was rated as the most interesting area
for older people in nursing homes. Thus, it would be prudent
to employ a participatory design by involving key stakeholders
in customizing the design of future games and evaluating the
resultswith both validated quantitative measures and qualitative
interviews.

One study used a qualitative methodology to investigate older
adults’ perceptions of playing the Xbox Kinect game Dr.
Kawashima's Brain Training as a way of maintaining their
cognition through intellectual exercise [12]. As previously
suggested to ensure that a game is successfully adopted by the
intended user group, the design should be appropriate to engage
the specific population. Talaei-Khoei and Daniel [12] attribute
thisto a perceived transfer effect.

This occurs when adults who see a cognitive game as
empowering, rather than supportive, which equate to a higher
potential to yield long-term benefits. Rather, it is not only the
content of the game but how participants view the content with
respect to their own selves. A key finding was that the
mini-gamesin Dr. Kawashima’s Brain Training were perceived
to be useful in maintaining cognition and transference to
real-world daily tasks, such as reading. Participants (n=21) felt
that by sustaining functions through the mini-gamesthey would
be able to live independently longer providing a long-term
transfer of benefit.
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Other key findings distinguish the perceptions of supportive
and empowering technologies. For instance, the use of hearing
aidsis categorized as supportive. Hearing instruments can only
aid a person in a functional ability that has already begun to
decline. This could lead to hearing aids being perceived as less
useful, particularly in thelong term. In contrast, an empowering
virtual game focusing on active auditory training could be
perceived as having transferable long-term effects on cognitive
ability. The authors also concluded that more qualitative research
was required in the field, especialy on why end users would
think atraining game would be useful and adopt it.

The literature shows that gamification can provide a platform
for customized, home-based training in different areas of health
behavior change, including cognitive performance. Previous
studies have demonstrated that certain games have the potential
to transform the benefits of virtual play into self-confidence for
maintaining cognitive effort for daily activities. More
specifically, using training games that are deemed useful and
engaging for users at the predementia stage may be more
effective than after a dementia diagnosis. Given the findings
from Livingston et al [2], thereisademonstrable gap in the use
of games to investigate age-related hearing loss and cognitive
decline. An iteratively designed app using qualitative inputs
from key stakeholderstoinvestigate the role of hearing lossand
speech perception in cognitive impairment is yet to be
developed. The use of participatory design with specific
stakeholder engagement would have the ability to further
investigate this area.

Aims and Objectives

The overall aim of this study is to investigate whether an
empowering gaming app can be designed to engage usersinthe
midlife population at risk of presbyacusisand mild or subjective
cognitive impairment to improve speech perception and
cognitive performance.

Thisaim will be achieved with the following objectives:

« To adopt a participatory design approach with relevant
stakeholders to produce an iteratively designed
auditory-cognitive training app

http://humanfactors.jmir.org/2020/3/€19880/

Frost et al

- Tounderstand the facilitators and barriers to producing an
auditory-cognitive training app

- To identify the specific design requirements for an
auditory-cognitive training app

Methods

Participants

A total of 18 relevant stakeholders (service users, clinicians,
researchers) were recruited across audiology and cognitive
disorder clinicsat Imperia College Healthcare, across research
groups at Imperial College London and their corresponding
research networks. Participants were chosen using an
opportunity sampling method as it was a convenient way of
accessing clinical, service user, and researcher expertise.
Participants were included in this study if they were considered
to be a stakeholder and had the capacity to provide informed
written consent. Professionalswere considered key stakeholders
by the research team if they had experience with patients and
families at risk of either presbyacusis and/or mild or subjective
cognitive impairment. Service users were considered key
stakeholders by the research team if they or family members
reported mild hearing loss or mild or subjective cognitive
impairment.

As the app was to be designed for those who report mild or
subjective cognitive impairment, it would not have been
appropriate to recruit service users with a moderate-to-severe
cognitive impairment. Therefore, potential participants who
already had a medical diagnosis of dementia were not
considered. Decisions for stakeholder inclusion were taken by
the research team to ensure that the participants were
representative of the desired end user of the final app. Table 1
describesin detail the types of stakeholdersrecruited and when
they participated. This study was approved by the West
Midlands—South Birmingham Research Ethics Committee. All
interviews and focus groupswere carried out at Imperial College
Healthcare Trust, audio-recorded using a Zoom Q8, and
transcribed verbatim.
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Table 1. Description of participating stakeholders across both cycles.

Frost et al

Type of stakeholder Cycle1 (n=9) Cycle 2 (n=14) Total (n=23)2
Interview (n=4)  Focus group 1 Focus group 1 Focus group 2 Focus group 3
(n=5) (n=5) (n=5) (n=4)

Service user 3 N/AP 5 3 N/A 11
Audiology 2 N/A 5 2 N/A 9
Cogpnitive disorder 16 N/A N/A 1¢ N/A 2

Spouse 1d N/A N/A 1d N/A 2

Volunteer N/A N/A N/A 18 N/A 1

Clinician N/A 4 N/A N/A 3 7
Audiologist N/A 3 N/A N/A 3 6
Older adult psychiatrist ~ N/A 1 N/A N/A N/A 1

Resear cher N/A 1 N/A N/A 1 2
Dementiaresearch nurse  N/A 1 N/A N/A N/A 1
PhD researcher N/A N/A N/A N/A 1 1

8A total of 23 participants participated across 2 cycles. Five stakeholders participated in both cycles.

BN/A: not applicable.

This participant is primarily a service user of the cognitive disorders clinic but has also used audiology services.
HThis participant was recruited as a spouse of a service user but had also used audiology services for themselves.

®This participant is avolunteer in audiology but also has a hearing loss.

Data Collection

Cycle 1: Identifying Current Climate

The aim of the first cycle of data collection was to first gather
knowledge about the potential facilitators and barriers to
designing anovel auditory-cognitivetraining app. To maximize
accessibility of the data, the first round of data collection
consisted of 2 paired semistructured interviewsfor service users
and a focus group of 5 professional stakeholders, which were
45 min each and 60 min, respectively. This division of the
stakeholder groups was beneficial for various reasons. The use
of the focus group allowed discussion of professional opinions
and fostered further collective thinking. Interviewing service
users in pairs allowed the interviewer to explore personal
experiences and views in depth by comparing and contrasting.
The topic guides used for both the interviews and the focus
group are available in the Multimedia Appendix 1. The
exploratory nature of cycle 1 allowed the data collected to be
analyzed and used in conjunction with the literature base to
design the first version of the app. Further evaluation of this
first version was then performed in cycle 2.

Cycle 2: Exploring Specific Requirements and Needs
for Collaborative Design

The purpose of including a second cycle was to demonstrate
the initial version of the app and to stimulate participants to

http://humanfactors.jmir.org/2020/3/€19880/

further think about the specific needs and requirements of the
app. To achieve the objectives of cycle 2 and answer a more
specific research question about the app design, an edited topic
guide was used for both the professional and nonprofessional
focus groups, which were approximately 60 min in duration.
The topic guides can be found in Multimedia Appendix 2.

Two service users, 1 spouse, and 2 professional participants
who wished to continue into cycle 2 participated alongside 9
new participants who did not have any prior involvement or
knowledge of the app. A basic prototype of the app, using a
coffee-shop scenario, was demonstrated with an iPad and the
player was asked to listen to an order placed in the coffee shop,
choose the correct customer order that was heard, and then
choose the correct items from alist of 8 images/wordsto make
up that specific order. The audio was originally played at alow
signal-to-noise ratio, which the player could improve by 2 dB
at atime by replaying the order before moving on to choosing
what had been heard from a4-option list. Screenshots from the
prototype demonstrated in cycle 2 are shown in Figures 1 to 3.
At thetime of writing, the app is still in development and is not
freely available.

A summary of the data collection, including the start and stop
dates, the duration of each cycle, and stakeholder participation
isshown in Figure 4.
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Figure 1. Screen where the user chooses the instruction that was heard.

| EE WiFiCall 5 12:07 - B2%

Select which instruction was said:

Make a cup of tea with milk
and sugar

Make a cup of coffee with sugar

Make a cup of coffee with no milk
and no sugar

Make a cup of tea with no milk and
one sugar

Figure 2. Screen where the user chooses the items that are needed to execute the audio instruction.

ol EE WiFiCall = 12:07 < 62% M

Which items do you need to complete this
instruction?

Potato Siscuit
Coa Hot water
m ‘ Coffee
Milk Muffin
Submit
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Figure 3. Example of incorrect answers submitted.

w'| EE WiFiCall = 12:07 < 62% =)

Which items do you need to complete this
instruction?

Cup

Jam

Wrong answer

You selected 1 unnecessary items and
missed 1 items.

Try again...
OK
| Coffee |
Milk Muffin
Submit

Figure4. Summary of overall data collection period including design phases, start-stop for data collection, and stakeholder type participation.

= F = Cycle 1
I] Service user interview 1 (Dec 2018 - Jan 2019)

I] Service user interview 2 >
[I Professional focus group 1 >

[I Service user focus group 1 >
I] Service user focus group 2 >
[I Professional focus group 1 >

Exploring the potential
facilitators and barriers in the
design of an auditory-cognitive
training application.

Realistic scenarios
identified based on
stakeholder priorities

Design phase 1
(Mar 2019 - Apr 2019)

Design and basic prototyping of
the application using scenario
identified in Cycle 1.

¥

Café scenario chosen for
use in basic prototype

Cycle 2
(Apr 2019 - May 2019)

Evaluation of basic prototype to
collaborate on specific design
requirements.

Improvements on basic
prototype to take forward
to working prototype
including further

scenarios

Final design
(July 2019 - Nov 2019)

Alpha-version of application
collaboratively designed ready
for evaluation

Data Processing

Audio recordings from the interviews and focus groups were
transferred immediately to an encrypted PC and deleted from
the audio recorder. The recordings were transcribed by the lead
author in cycle 1 and by medical students who had received
prior training in cycle 2. The transcriptions were subsequently
coded by the lead author in cycle 1 and medical students in
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cycle 2 and stored in Microsoft Excel. To verify the integrity
of the data, each cycle was secondary coded by either the lead
author or medical students. All excerptsfrom thetranscriptions
were anonymized using the participant number that identified
each participant as either a service user or a professional.
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Data Analysis

A thematic analysis approach [13] was used to identify themes
from the data related to the facilitators, barriers, and needs of
the stakeholdersin developing a new auditory-training gaming
app. This processinvolved the lead author and trained students
identifying themes from the codes.

Results

Overview

Six themes were identified from the focus groupsin relation to
the needs, barriers, and facilitators for developing an
auditory-cognitive app that would be useful, fun, and accessible.
The themes were (1) congruence with hobbies, (2) life getsin
the way, (3) motivational challenge, (4) accessibility, (5)
additive competition, and (6) realism.

Congruence With Habbies

Throughout the focus groups, service users commented
particularly on what would continue to motivate them to play
the game over an extended period of time, rather than a one-off
use. At firgt, it appeared to be different styles or themes of games
that motivated them, such as word games or web-based chess.
However, further discussion by 2 service users who did not
regularly play mobile games led to the consensus that if the
theme of the game was an extension of an enjoyable hobby,
then this would heavily facilitate not just initial interest, but
extended and continued playing time:

| mean thisgameiseducational but you want to make
it fun aswell, fun at the same time. [SU9]

For example, if you had one about art? [SUS8]
Yes, I'd useit. [SU9]
You'd beat it all day! [SUS]

Life Getsin the Way

Although both service users and clinicians agreed that the
premise of the app was good, they noted finding the time to use
the app asapotential barrier. It was suggested that the user, for
practical purposes, would need to be at home in a quiet space
to be able to use headphones and concentrate. Others suggested
that busy lives meant that other responsibilities, such astaking
care of grandchildren or house chores, took priority over
self-care. This feeling of being too busy to use the app has
parallels with reactive or passive hedlth care, such as using
hearing aids after ahearing | oss has been diagnosed, as opposed
to apreventative or active approach, whereby spending a small
amount of time each day may, infact, benefit inthelonger term:

| find that | don't pick up my iPad and read the paper
anymore, | didn't realise | didn't do it. But then when
| went to my iPad it had no battery and | didn't care,
so it was kind of like oh I've stopped reading the
paper, but | didn't really notice. [SU10]

I'm also quite involved in the church and the
grandchildren. So, | think when you are saying as to
what might prevent you from doing these other
pleasurable things, then it would be other equally
pleasurable things that one has to do. [SU8]
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Partici pants suggested using notifications and reminderswithin
the app to remind users that they were overdue for a training
session or to use commuting time on the underground or train
as an opportunity to play. Interestingly, in the professional
group, there was a misalignment in views regarding whether
people in an older age group would engage with smartphones
and headphones while traveling:

| don't think |'ve seen anyonelikein their sixties even
[using a smartphone?]. [P1]

| have. [P2]

Have you been on the tube?! | think they do! [P3]

| could probably play it on the bus or something you
know, when you are travelling, something to just fill
time. [SU7]

Yes, on the tube. [SU10]

Mativational Challenge

Despite the need to set aside some time to play each day, one
main facilitator identified by both the service user and clinician
groups was that the app should provide the correct amount of
motivation and an element of challenge to ensure it was fun,
useful, and enticed the user back to play. The motivation did
not necessarily need to come from improving one's own
prowess. The idea of altruism as a motivator was discussed. It
was suggested that if a person were aware that playing the app
would contribute to research knowledge on dementia, they
would be much more likely to play it though it may not
necessarily gratify them personally in the short term. The
professional group suggested that using multiple scenarioswould
increase the relevance to challenges faced by people with
impaired hearing and, therefore, increase the motivation to
improve in al situations:

For me | would be more encouraged if | knew it was
paying back into research. If | knew that somebody
thought it was good for metoo. If | wasplaying it just
for the sake of playing it then | would be playing it
for nothing. But if I'mplaying it and I'm contributing
then | can pretend I'm contributing even if I'm just
playing for myself. [SU10]

It would be good if they can select what do you want
to train. | had the problem the other day speaking
with my friend at the cafe...Maybe I'll giveit ago, yes
today I'll play the cafe. [P19]

It's motivation as well because if you do terribly at
the one in the cafe but you're doing fantastic at all
the others. | am going to the do that cafe one again,
| am going to smash the cafe one today. [P1]

Accessibility

One clear need highlighted from both cycles was that the app
needed to be accessible to people of al ages, catering to those
with visual or audio impairments and available for playing on
appropriate platforms. Appropriate screen resolutions, font sizes,

images, and colors were design parameters identified as
important:
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| have been testing patients as well, elderly patients
for my study and | use an app on the iPad as well as
computer tasks and they tolerate it very well. They
never complain when | say let’s switch it to the iPad,
actually they like the one on the iPad more. [P19]

I think most people are going to play for that age on
aphoneor aniPad. | thinkit would need to go across
both platforms because what is it 25% Apple, 75%
Android? [SU3]

If I could do it via the computer... simply I'm used to
using the computer. [SU8]

| think the size is relevant actually, that tiny screen
it [of a smartphone] it's not quite the same as if you
were looking on the screen. [SU9]

Addictive Competition

Comparing the premise of thisapp with those of other successful
games that the participants played resulted in an agreement to
the reason why people went back to playing certain games
repeatedly and over along period of time. The app or games
that were the most successful were addictive, not only in terms
of the aims of the games themselves but also in terms of the
competitive nature of moving through levels to beat a family
member, partner, or friend. Having a shared platform to engage
in ahealthy competition was seen asadriver for playing an app.
Scores, rewards, and trophies were all seen as optional extras
that would provide extrafacilitation in prolonged and repetitive

play:

Maybe | could compare this with my husband or my
friends and then | would know they were able to do
it like three tones before me, so maybe | am actually
a bit worse. [P19]

Another way that |'ve mentioned might beto pair up
with a relative or have some kind of competitive
nature you know in the household. [P5]

My mother-in-law could see my scores if that was of
interest to her. [SU10]
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Gives you more motivation | think, if you're in a
competitive nature. [SU13]

Realism

The app in cycle 2 was demonstrated using a coffee-shop
scenario, which received positive feedback from all participants
asit involved area-world environment in which it was likely
that aperson may have difficulty hearing speech. All participants
agreed that it would be most appropriate to use real-life
scenariosin the game, instead of complete gamification. It was
suggested that using realistic scenarios would make the app
more useful and the skills built in the game more transferable.
It was suggested that using realistic tasks would also make the
game more appealing to an older person, asit made it feel less
like agame. The clinician group felt that using these scenarios
would also make it easier for them to recommend the game and
also to use the game to obtain feedback about specific situations
in which the person had specific difficulties. By being redlistic,
the game would also tie in with the theme of using hobbies as
scenarios:

It has to cover areasthat a person like myself would
find it very difficult to hear, like for instance | said
the gym, but also airports they can be a nightmare
aswell, you know | still haveto travel evenif I'mdeaf.
[SU13]

Particularly if they are already isolated and they're
already staying at home and they're sort of scared of
going outside, it's a nice way to bring outside in, so
they can build up their experience in other situations
without actually having to get there. [P3]

And it'san element of control that they're taking over
their situation and so that it'll give me some
confidence you know |I'm doing something about it.
Makes you feel good. [P1]

Summary of Results
The summary of results has been provided in Table 2.
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Table 2. Summary of findingsin relation to the research question.
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Theme

Facilitators

Barriers

Needs

Congruence with
hobbies

Lifegetsinthe
way

Motivational chal-
lenge

Initiate and maintain interest over
time to alow repeated play
Concentrate on being educational
and enjoyable

Promote usage of the app during
unavoidabledaily tasks, for exam-
ple, commuting

Promote altruism to contribute to
research

Limitationsin terms of the number
of preprogrammed scenarios catering
to all hobbies

Incorporating the app into busy daily
lives

Reliance on passive health care
models

App not offering the right level or
type of challenge leading to lack of
repeated playing and training.

Relate to common enjoyable hobbies
for the intended user groups

App to send notifications and re-
minders when the user is overdue for
atraining session. Allow offline play,
for example, when commuting

Level of difficulty to be challenging
enough to entice repeated play

Multiple scenarios relevant to difficult
hearing situations

Accessibility « Design considerations, for exam- «  Smaller screens on smartphones « Accessibleto al ages
ple, useof colors, font sizes,and «  Inappropriate screen resolutionfor ~ «  Available on multiple platforms and
images each device devices, including PCs
Addictivecompeti- «  Option to share progress with « Not adriver for playing for people  «  Include daily high scoresthat are
tion family and friends to encourage who are not of a competitive nature comparable with friends or self across
competition time
Realism o Skillshonedintheappwouldbe . May prefer moreredistic graphics «  Relatable to real-life environments
more transferable rather than taking agamified ap- where hearing is difficult
«  Morelikely to recommend to proach
friends
: : This has paralels with the popularity of Sea Hero Quest
Discussion : el Q

Principal Findings

This study aimed to engage relevant stakeholders from the
worlds of audiology and cognitive disorders to collaborate in
the design and development of an auditory-cognitive training
game app. Stakeholderswere recruited and engaged in 2 cycles
of semistructured paired interviews and focus groups to
understand the facilitators and barriers in producing such an
app and to elicit specific design requirements for the app in
addition to the existing literature.

Facilitators

A popular choice for facilitating a new gaming app was to
provide a high level of addictive competition for the user. The
results demonstrate that this can be achieved in a number of
ways, including rewards, achievements, and competitive play
with family and friends. This has parallels with the findings of
Talaei-Khoei and Daniel [12], who found that their participants
were motivated to improve their memory age as they
experienced with asense of achievement and reward. This study
also found that participants wanted an extralevel of sociaization
within the app through a virtual competition with friends to
share scores and achievements.

This sharing of information was also addressed to ensure that
the app was motivationally challenging enough to encourage
them back to play. A particularly interesting finding was that
the motivation to play the app was not necessarily to improve
one's own skills, or for personal gain, but to provide data
atruistically to aresearch database on atopic such asdementia.
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developed by Deutsche Telekom, which has been downloaded
by over 4.3 million players [14]. Sea Hero Quest is an app
developed to collect large data sets on how navigational
cognition changes over the human life span. Collecting data
through gameplay has provided data that would have taken a
long timeto obtain through standard dementiaresearch practices.

Barriers

One of the themes that was perceived as a barrier to produce a
successful app for high adoption was that other life activities
would get in the way of using the app on aregular basis, as it
would require a quiet space to concentrate. Participants gave
examples of other activities that required their attention and
effortsthat were placed above auditory-cognitivetraining, such
as household chores. The low level of importance placed on
maintai ning cognitive reservein thelight of other daily activities
by participants is in contrast to the theory of Weinstein [15],
who suggests that building cognitive resilience is of utmost
importance in the window of opportunity that is midlife. It is
critical to engage the cognitive reserve in midlife to alow the
brain to cope better with damage in later life.

The findings from this study demonstrate that even with this
knowledge, changing health behaviorsis challenging and often
unsuccessful [16]. It istherefore critical to adopt the proposals
of Talaei-Khoei and Daniel [12] and employ qualitative
methods, asin this study, to focus specifically on why end users
would find atraining game to be useful and adopt it.

One potential barrier to using hobbies asamotivator isthe effect
of apathy on motivation. Apathy is a major neuropsychiatric
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symptom in dementia and is sometimes observed in patients
with MCI [17]. Individuals with clinical apathy would be less
likely to be motivated by the type of training described.
However, it should be noted that the intended user group is
specifically focused on individuals with subjective cognitive
impairment and MCI, who have a much lower incidence of
apathy than those with more severe cognitive impairment [18].

Needs

One of the specific requirements that was elicited from the
discussion was to ensure that the app was accessible to older
adults, who may be unfamiliar with using tablets or smartphones
to access apps. This is aso a potential barrier noted in the
general gaming literature. However, according to Vallgjo et al
[11], no usability problems were reported for participants
without previous computer experience when using a joystick
or touchscreen.

Interestingly, participants felt that making the scenarios less
gamified, morerealistic, and morerelated to daily living would
be more useful, transferable, and more appealing to older adults.
The results showed that if the scenarios were congruent with or
an extension of an enjoyable hobby for the end user, thiswould
increasethelevel of interest, fun, and ultimately adoption. This
finding could explain why laboratory-style auditory training
programs, such as those evaluated by Ferguson and Henshaw
[19], havefailed to extrapolate on-task learning to off-task daily
activities. Assuggested by Angueraet al [9], their training game
was successful asit wasbeing delivered outside of the laboratory
environment and because of its custom design. Similarly, the
reason Manera et a [10] found large variations in playing time
in their app based on cooking may be due to the lack of
engagement and interest from some of their users. Therefore,
the use of multiple common scenarios based on daily activities
and a custom scenario based on ahobby might, in fact, increase
the adoption and success rate outside of the app.

Limitations

Theuse of asmall sample sizeismore common in participatory
design, as it is about the rich quality of data rather than the
guantity. Demographically, the age range and the use of hearing
aids were skewed from the desired end user group. However,
it allowed exploration of using thistype of app as asupplement
to hearing aid provision in more severe hearing losses in the
future. As this app isin itsinfancy and is yet to be evaluated
for its effectiveness, there is potentia to use the app in other,
more hearing-impaired populations. However, for the scope of
this study, involving those with varying hearing loss severities
would introduce a confounding variable during assessment if
using the app does indeed improve unaided speech listening in
noise.

L essons L earned

Stakeholder Recruitment

The inclusion of nonclinical stakeholders that aready have
existing relationships can enhance data collection. In both
cycles, the stakeholders included spouses and friends. This
extended the depth of data collection around more sensitive
guestions, such as thoughts and feelings about developing
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cognitive impairment and current cognitive performance.
Stakeholders were more comfortable discussing these issues
with someone they already knew as opposed to theinterviewer.
This was observed in a design workshop with aphasia patients
[20]. The author concluded that using arelative is essential in
fostering acommunication culture, which givesthe stakeholder
with the condition confidence to express and verbalize his or
her thoughts and feelings.

It was also useful for stimulating further discussion, as the
stakeholders had more background information about one
another in comparison with the interviewer. Stakeholders were
able to ask further appropriate probing questions when
discussing content. This was evident when discussing possible
scenarios for the gaming levels, as one stakeholder was able to
talk more to his or her spouse about his or her enjoyment of art
galleries and bring thisideato the discussion.

When holding clinical stakeholder focus groups, a
multidisciplinary discussion should be used not only to uncover
shared thinking that provides useful data for answering the
research question but also to take the use further into wider
clinical practice outside of the app design. In this instance,
mixing clinicians from audiology, psychiatry, and cognitive
disorders research brought together specialists who do not
usually meet but share common patient groups and challenges.
This allowed clinicians time away from their individua
departments to discuss ways in which they could support each
other to improve the care of patients who may unknowingly
access each other’ s services; for example, implementing the use
of ahearing screening pathway for patientsreferred for cognitive
assessment to trigger a referral for audiology assessment and
facilitate communication in cognitive assessments. Where
possible, clinical stakeholders should include those with arange
of experience from the newly qualified to the consultant level,
to tap into both new learning and wealth of experience.
Consideration should also be given to include geographical
variance to alow for deviances in service delivery away from
national guidelines. Woods et a [21] used co-design to develop
amobile health app in the area of cardiac health and concluded
that using participatory design within a health care delivery
setting with multiple cliniciansimproved patient-centered care.
Using participatory design with multidisciplinary stakeholders
can facilitate a wider and unforeseen positive impact across
service delivery, both locally and nationally.

When focusing on designing an app to be used in a preclinical
symptomatic population, it is prudent to recruit from multiple
sources outside of the standard clinical settings, such ashospitals
and GP clinics. Groups in the community, such as clubs,
neighborhood associations, and religious groups, should be
targeted as potential sources of recruitment as they are likely
to include stakeholders that may have symptoms that are not
severe enough to seek clinical intervention and therefore do not
frequent clinical settings such asaudiology or cognitive disorder
clinics.

It may also be useful to include stakeholders from awider pool
that, although may be less relevant to prospective end users,
can offer ideas for future implementation of the app.
Stakeholders that have already experienced a condition can
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provide data on past experiences. These stakeholders are also
useful in patient and public involvement activities before data
collection begin and can give advice on research question
development, advertising materials, and focus group
guestionnaire design.

Developing Content and Gameplay

When asking stakeholders to contribute to designing content
for anew game or task that requires an element of training or
behavior change, it is important to begin the discussion by
asking the stakeholders about hobbies or activities that they
already enjoy participating in. Particular focus should be given
to why they enjoy them and what stimulates them to participate
regularly in that particular activity. For example, in cycle 2,
web-based chess and web-based crosswords were introduced
as enjoyable platforms for distraction, competition, and
accessibility at al times of the day.

Thereasons behind successful adoption and enjoyment of other
apps should be understood and consequently integrated into
tasks for the new game in conjunction with recommendations
fromtheliterature specifying special attention to customization
and individualization. Thiswas evident when discussing design
for different scenarios. Stakeholders foresaw that they were
more likely to regularly use the app if the scenario was
individualized to an environment that they associated with
enjoyment or relaxation, such as an exercise class or an art
gdlery. In addition, they were also likely to use it if it was
customized to a situation in which they found it difficult to
communicatein reality and would want extrapracticevirtually.
Examples include cafés, airports, and train stations. Similarly,
Jessen et a [22] used this approach while researching
participatory design frameworks for a self-management app in
a chronic disease population. They used common enjoyable
games such as Super Mario, Crosswords, and Monopoly as a
vehicleto elicit further thoughts for discussion on the concept
of creating their design.

Frost et al

Further Development of the App

To overcome these barriers and incorporate the design needs
from the findings, within the scope of the project, the app will
include:

«  Theoption to deliver daily notifications to remind the user
to take some time to play the app

«  Theinclusion of scoresand comparisonsto daily or weekly
high scores

« A redesign of the visual representation to use only images
as opposed to a mixture of words and images

« Colored boxes (green=correct; red=incorrect) that will
appear around the images when sel ected to notify the user
of correct and incorrect sel ections during repeated attempts

« A range of 6 realistic scenarios reported by people with a
hearing impairment as challenging

« Inclusion of a customized scenario for participants
evaluating the app that they consider relevant to them

« Allowing offline play so that users will be able to play the
app during other daily activities, for example, commuting

Conclusions

Using aparticipatory approach in conjunction with the literature
base when designing a novel app ensures that the final product
is useful, fun, and accessible to the intended user group. Both
cycles of this project have demonstrated that an app that can
provide training for both auditory and cognitive performance
in away that would motivate users to regularly play it would
be welcomed as an aternative to hearing aids, and as a fun
activity, and it will be used if it could keep the brain active and
healthy. Theideaof completing an active, preventative task still
does not carry enough weight to drive people to use it and,
therefore, would require other competitive and reward elements
to overcome the barrier of having enough time to use it. The
results of this study will now be used to finalize the app design
and complete a randomized controlled study to evaluate the
effectiveness of using the app on speech-in-noise, cognitive
ability, and quality of life, in addition to usability evaluation.
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Abstract

Background: Embodied conversational agents (ECAS) have great potential for health apps but are rarely investigated as part
of such apps. To promote the uptake of health apps, we need to understand how the design of ECAs can influence the preferences,
motivation, and behavior of users.

Objective: Thisis one of the first studies that investigates how the appearance of an ECA implemented within a health app
affectsusers’ likeliness of following agent advice, their perception of agent characteristics, and their feeling of rapport. In addition,
we assessed usability and intention to use.

Methods: The ECA was implemented within afrailty assessment app in which three health questionnaires were translated into
agent dialogues. In a within-subject experiment, questionnaire dialogues were randomly offered by a young female agent or an
older male agent. Participants were asked to think aloud during interaction. Afterward, they rated the likeliness of following the
agent’s advice, agent characteristics, rapport, usability, and intention to use and participated in a semistructured interview.

Results: A total of 20 older adults (72.2 [SD 3.5] years) participated. The older male agent was perceived as more authoritative
than the young female agent (P=.03), but no other differences were found. The app scored high on usability (median 6.1) and
intention to use (median 6.0). Participants indicated they did not see an added value of the agent to the health app.

Conclusions: Agent age and gender littleinfluence users' impressions after short interaction but remain important at first glance
to lower the threshold to interact with the agent. Thus, it isimportant to take the design of ECAsinto account when implementing
them into health apps.

(IMIR Hum Factors 2020; 7(3):€19987) doi:10.2196/19987

KEYWORDS
embodied conversational agent; appearance design; health status assessment; older adults; eHealth

caregiver to perform frailty assessment. In addition, digital
frailty assessments can be performed on a regular basis, be
dynamically adapted based on information provided by the user,

Introduction

As people get older, they are likely to experience frailty, a

decline in functional and cognitive abilities such as walking
speed, balance control, and working memory [1,2]. Through
electronic health (eHealth), frailty can be assessed using digital
guestionnaires. A large population can be targeted, including
those who are less mobile and face difficulties in seeing a

https://humanfactors.jmir.org/2020/3/€19987
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and provide immediate results. An eHealth app can coach the
user in a personalized way toward a healthy lifestyle based on
the outcomes of the frailty assessment. Research shows that
collecting health data using adigital survey does not affect test
reliability with respect to a paper version [3-5], and several
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studies showed similar results for a population of older adults
[6,7]. In addition, Fanning and McAuley [7] showed that ol der
adults may accept atablet for health surveys and van Velsen et
al [6] showed that older adults preferred a tablet survey to a

paper survey.

Research shows that the older and more frail adults get, the
more they become nonrespondents to questionnaires [8,9],
whereas refusal of face-to-face interviewing is less present in
this population [8]. To overcome the problem of lack of
face-to-face interaction in a digital frailty assessment, an
embodied conversational agent (ECA) can provide an
alternative. ECAs are more or less autonomous and intelligent
software entities with an embodiment used to communicate
with the user [10]. By interacting with the user face to face,
ECAs can build trust and rapport—a close and harmonious
relationshi p—Ieading to compani onship and long-term continual
use[11].

To establish trust and rapport with the agent, users should have
a positive impression of the agent. These impressions can be
shaped by static [12] and dynamic characteristics[12,13]. Static
characteristics mostly relate to an agent’s visual appearance,
often tested using the so-called zero acquaintance approach,
where a person observes the agent without interacting with the
agent. Dynamic characteristics include an agent’s verbal and
nonverbal behaviors and are often tested using a thin-dlicing
approach, where a person draws inferences about an agent’s
personality based on short excerpts of social behavior [14].

Although ECAs have the potential to be used as eHealth apps
such as digital frailty assessments, little is known about how
these agents should be designed and how the design affects our
impressions of the agents, and no design guidelines exist [15].
In one study, ter Stal et a [16] identified people’s first
impressions of agents varying in age, gender, and role using a
zero acquai ntance approach: there was no interaction involved,
and participants rated static agent images at first glance. The
study shows that characteristics of older and male agents were
perceived differently than characteristics of young and female
agents, respectively. In addition, older adults seem to prefer a
young female over an older male agent. Other research focused
on users perceptions of static agent images at first glance
[17-19], showing that the agent’s gender and role affect the
user's perception of the agent. However, little research exists
on people' simpressions after short interactionswith agentsand
how the design of the agents affects these impressions.
Therefore, research is needed to investigate how the design of
an agent affectsusers’ impressions of the agent during and after
actual interaction (using a thin-slicing approach).

The aim of this study is to assess how an agent’s appearance,
particularly age and gender, affects the users' likeliness of
following agent advice and users’ perceptions of the agent’s
characteristics and feeling of rapport after short interaction with
the agent. This study builds on previous work [16] by studying

https://humanfactors.jmir.org/2020/3/€19987
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users impressions of agents at first glance (using the zero
acquaintance approach) and after a short interaction with the
agents (using the thin-dicing approach). As a secondary aim,
we investigate the potential of afrailty assessment app with an
agent by evaluating its usability and intention to use.

Methods

Frailty Assessment App

The ECA under study was embedded within afrailty assessment
web app developed as part of a larger platform designed to
counter frailty by offering older adults training modules in the
domains of healthy nutrition and physical and cognitive training
to maintain ahealthy lifestyle[20]. Initial and continued use of
the platform is stimulated by integrating gamification elements.
In this study, we focused on the stand-alone frailty assessment

app.

The frailty assessment app consisted of an index page (Figure
1) and a dialogue page (Figure 2). On the index page, an agent
was displayed next to a blackboard. The blackboard provided
a list of available dialogues. introductory small talk,
guestionnaire assessing aspects of the older adult’s health, and
small talk explaining the results of the questionnaires. When a
dialogue was finished, the user returned to the index page.
Before the questionnaire dialogues were performed, only the
introductory small talk was available on the blackboard. In this
dialogue, users were introduced to the agent and the goal of the
frailty assessment. Afterward, the questionnaire dialogueswere
unlocked and shown on the blackboard. Three validated
guestionnaires were implemented to assess the older adult’s
frailty status covering multiple health domains. The 36-item
Short-Form Health Survey [21] contains 36 multiple-choice
guestions related to health topics (eg, physical functioning,
socia functioning). The Alzheimer Disease Detection [22] tests
for functional decline in memory using 8 yes or no items. The
Mini Nutritional Assessment [23] tests for malnutrition with 6
multiple-choice questions related to nutrition and weight. We
trandated the three frailty assessment questionnaires into
dialogues between the agent and older adults. After
guestionnaires were compl eted, the result dialogue was unlocked
on the blackboard. In this dialogue, usersreceived the outcomes
of the assessment.

Only one dialogue was available at atime. Clicking on the start
button of a dialogue opened the dialogue page (Figure 2). A
dialogue consisted of multiple dialogue steps. Each dialogue
step consisted of astatement by the agent and one or morereply
optionsthat could be selected by the user. The statement by the
agent was shown in the white box with the orange border and
thereply optionsfor the user were listed in the black box. After
finishing a dialogue with the agent, the user returned to the
index page and available dialogues listed on the blackboard
were updated.

JMIR Hum Factors 2020 | vol. 7 | iss. 3 |€19987 | p.166
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Figure 1. Frailty assessment app: opening page introducing agents Sylvia and Egbert.

General he.

Figure 2. Dialog page with peer agent Sylvia.

| o Sylvia:

ter Stal et al

STILLTO DO:

General health question

During the past 4 weeks, have you accom-
plished less than you would like in your
work or other regular daily activities, as a
result of your physical health?

You:
@ -

Select your response:

Yes

The agents used in the frailty assessment app (Figure 3) are
Sylvia, ayoung female peer agent, and Egbert, an older male
peer agent. By a peer agent, we mean an agent who is not a
medical expert. Agent designs were selected based on findings
from a previous study [16], in which the static images of eight
agents were evaluated. The agent images differed on three
features: age (young or old), gender (male or female), and role
(experts had a high level of health expertise, and peers had a
low level of health expertise). In an online questionnaire, images
of all agents were shown to the participant at once, with
participant selecting agent they preferred most (to betheir health

https://humanfactors.jmir.org/2020/3/€19987
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coach) at first glance. Afterward, participant rated characteristics
for each agent. Results showed that a young female agent was
preferred most and an older male agent was preferred least in
both a general and elderly population (ie, these designs were
extremes in terms of user preference). This study builds on the
previous study by evaluating users impressions of these two
agents, both at first glance and after a short interaction with the
agents. A blinking eyes animation was implemented for both
agents. In addition, when the agent spoke (ie, when a new
dialogue step was|oaded), amouth animation of afixed duration
was played.
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Figure 3. Agents used during the experiment.

Study Design

We applied awithin-subject design in which we counterbal anced
the order in which agents were presented to participants. Half
of the participants started the frailty assessment with the young,
female peer agent and finished with the older, male peer agent
(Figure 4, top). The other half of the participants were first

Figure 4. Study design including randomization process.

Sample -++p Randomisation «--p

Participants

Participants should be aged 65 years or above and fluent in the
Dutch languagein order to beincluded. In addition, they should
be cognitively able to work with an ECA as assessed via the
Mini-Mental State Examination, scoring at least 23 out of 30
points [24]. We recruited the respondents via a Dutch panel of
adults that indicated they were interested in participating in
research on eHealth. Participantswere also recruited viaalocal
physiotherapy practice.
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young, female peer agent
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presented with the older male peer agent, followed by the young,
femal e peer agent (Figure 4, bottom). The study was performed
in alab setting, taking place either at a research institute or a
local physiotherapy practice. The nature of this general study
with healthy volunteers from the general population does not
requireformal medical ethical approval according to Dutch law.
All participants provided their informed consent.

B
Filling out MNA-SF, AD8
old, male peer agent

Filling out SF-36

A
Filling out SF-36 Filling out MNA-SF, AD8

old, male peer agent

young, female peer agent

M easurements

Questionnaires

Beforeinteracting with the frailty assessment app, the participant
completed the preinteraction questionnaire gathering the
participant’s gender, date of birth, education, housing status,
technology literacy, health literacy, and state of change for
nutrition and physical activity [25].

After interacting with each agent (Figure 4), the participant
completed the postinteraction questionnaire. To investigate the
effect of the agent’s appearance, we assessed the following:
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- Likeliness of following the agent’s advice (on a 7-point
Likert scale)

« Agent characteristics ratings (all on 7-point Likert scales):
friendliness, authority, involvement, reliability, intelligence

- Agent rapport scalerating (all on 7-point Likert scales) by
Acostaand Ward [26]: emotional rapport, cognitive rapport,
helpfulness, trustworthiness, likeability, naturalness,
enjoyableness, human-likeness, persuasiveness,
recommendability

Secondarily, we investigated the usability of the frailty
assessment app and the intention to use the frailty assessment
app on asingle 7-point Likert scale.

Thinking Aloud

In order for us to triangulate the quantitative data, participants
were asked to think aloud while interacting with the frailty
assessment app. Audio was recorded and screen captures were
taken. The researcher did not help or support the participant but
only reminded the participant to think out loud when necessary.

I nterviews

At the end of the session, the participant was interviewed. The
interview was semistructured and guided by asking the user’s
opinion regarding positive and negative aspects around the
effect of the agent’s appearance, usability of the frailty
assessment app, and intention to use the frailty assessment app.

Data Analyses

SPSS Statistics 25 (IBM Corporation) software was used to
perform statistical analyses. Since the underlying data were
nonparametric, for al relations testing differences between the
two agents, a Wilcoxon signed-rank test was conducted. All
tests used a 95% confidence interval. All variables were tested
for statistically significant differences between the two agents
by means of amodel consisting of Wilcoxon signed-rank tests
for cross-over designs. Effect size was calculated by r=Z/VN,

https://humanfactors.jmir.org/2020/3/€19987
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using 0.1, 0.3, and 0.5 as cutoff values for a small, medium,
and large effects, respectively.

The audio recordings of the thinking aloud sessions and
interviews were transcribed and inductively thematically
analyzed. In addition, screen captures of the interaction with
the frailty assessment app were aligned with the audio
recordings. This way, the screen captures were used to verify
the thoughts of the participants on the audio recordings. All
themes were coded using ATLAS.ti 8 (ATLAS.t Scientific
Software Devel opment GmbH) based on an empirical method
proposed by Pope and Mays[27]. One researcher (StS) created
afirst coding scheme based on the data and then labeled the
transcripts. A second researcher (MB) used the coding scheme
to code a subset of the data so that a discussion could be held
between the first and second coder for improving the coding
scheme. The procedure of creating a first coding scheme,
labeling the data by two researchers, and discussing the coding
scheme was repeated a second time leading to a final coding
scheme. The final coding scheme was used by the first coder
to code all data for final analyses. The final coding scheme
contained the following codes: agent characteristics, appearance
agents, interaction with agents, preference agent, content
guestionnaires, language usage in dialogues, presentation
information, interaction with app, design, navigation, general
computer interaction, and intention to use.

Results

Participants

A total of 21 participants began the study (Table 1). One
participant was not able to complete the protocol dueto alack
of computer experience and was excluded. The average age of
participantswas 72.2 (SD 3.5) years, and 13 malesand 7 females
participated. Ten participants started with the young, female
agent, and ten participants started with the older, male agent.
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Table 1. Participant demographics (n=20).

ter Stal et al

Demographic

Value, n (%)

Education
Elementary school
High school
Vocational education
College
University
Living situation
Living alone
Living with a partner
Stage-of-change nutrition
Maintenance
Precontemplation
Stage-of-change physical activity
Maintenance
Action
Contemplation
Precontemplation
Unknown
Technology literacy level
Moderate or high
Health literacy level
Moderate or high
Low
Physical limitations
No risk of facing physical limitations
Risk of facing physical limitations
Already faced physica limitations
Cognitive limitations (Mini-Mental State Examination)
No risk of facing cognitive limitations (score =23)

Risk of facing cognitive limitations (score <23)

1(5)
1(9)
8 (40)
6 (30)
4 (20)

1(5)
19 (95)

18 (90)
2(10)

13 (65)
3(15)
1(5)
2(20)
1(5)

20 (100)

19 (95)
1(5)

9 (45)
10 (50)
1(5)

19 (95)
1(5)

Agent Appearance

Ratings Questionnaire

Table 2 shows the questionnaire results regarding (1) the
likeliness of following the agent’sadvice, (2) users' perceptions
of the agent characteristics (eg, friendliness, expertise), and (3)
users feeling of rapport (eg, emotional rapport, helpfulness)
for both agents. Corresponding box plots can be seen in Figure
5and Figure 6. For the ratings of the likeliness of following the
agent’s advice, no significant difference between Egbert and

https://humanfactors.jmir.org/2020/3/€19987
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Sylviawasfound. However, Egbert wasrated significantly more
authoritative than Sylvia (P=.03), resulting in a medium effect
size (r=.344). No significant differences were found between
the agents for all other agent characteristics and the rapport
scaleitems.

Analysis of the thinking aloud sessions and interviews resulted
in the following themes on the effects of agent appearance:
agent characteristics, agent appearances, interaction with the
agents, and agent preferences.
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Table 2. Results of the Wilcoxon signed-rank tests (n=19 or 20) comparing the mean ranks of the ratings of likeliness of following the agent’s advice,
agent characteristics, and rapport scale items.

Characteristic Median Egbert (Q1-Q3) Median Sylvia (Q1-Q3) zscore P value
Likeliness of following advice 5.0 (3.3-6.0) 6.0 (4.0-6.0) -1.613 A1
Agent characteristics
Friendliness 6.0 (5.0-6.0) 6.0 (5.0-6.0) -0.264 .79
Expertise 5.0 (4.0-6.0) 5.0 (4.0-6.0) -0.966 33
Reliability 5.0 (4.0-6.0) 5.0 (4.0-6.0) -0.276 .78
Authority 2.0 (2.0-4.0) 2.0 (1.0-4.0) 2121 *.03
Involvement 4.5 (4.0-6.0) 5.0 (4.0-6.0) -0.158 .88
Rapport scale
Emotional rapport 4.0 (2.0-5.0) 4.0 (3.0-5.0) -1.310 .19
Cogpnitive rapport 4.0 (4.0-5.0) 5.0 (3.3-5.8) -0.829 41
Helpfulness 5.0 (4.0-6.0) 5.0 (4.0-6.0) -0.877 .38
Trustworthiness 5.0 (4.0-6.0) 5.0 (4.0-6.0) 0 >.99
Likeability 6.0 (4.0-6.0) 6.0 (4.3-6.0) -0.604 55
Naturalness 5.0 (4.0-6.0) 5.0 (4.0-6.0) -0.491 62
Enjoyability 5.0 (3.0-6.0) 4.0 (4.0-6.0) -0.182 .86
Human-likeness 4.0 (3.3-6.0) 45(3.3-5.0) -0.486 63
Persuasiveness 5.0 (4.0-6.0) 5.0 (4.0-6.0) —-0.942 .35
Recommendability 5.0 (4.0-6.0) 5.0 (4.0-6.0) -0.368 71

Figure5. Ratings of the likeliness of following advice and characteristics of the two agents (P<.05).
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Figure 6. Ratings of the rapport scale items of the two agents.
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Users' Perceptions of Agent Characteristics

A few participants indicated they had trouble getting an
impression of the agents personalities or found it difficult to
connect personality to ECAsin general. A few othersperceived
the agents as natural and not artificial. On the other hand, the
majority did not perceive the agents as human: they perceived
the agents as cartoons, static dolls, computers, or machines.

Itisa computer, it is till interaction froma distance,

it does not become personal, it does not have any

personality, | do not feel a connection. [Male, 68

years]

The agents remain computers, you cannot call them

friendly or unfriendly, they are computers and | do

not connect any human characteristicsto them. [Male,

78 years)
In the interviews, some participants indicated they did not
perceive the agents differently with respect to their personality.
A few participants explained that both agents used friendly
language, whereas others argued the agentswerefriendly, since
they responded in a way that fit the situation and provided
compliments. In addition, a participant explained that both
agents were not too young or too old and seemed to be modern
people due to responses such as “Gosh, how nice.” Also, this
participant said he liked that the agents were not too young,
since a young agent would not have much experience. One
participant particularly indicated that the female agent was
friendlier than the male agent, whereas another participant
believed that the male agent was more highly educated and more
intellectual than the female agent.

Users Perceptions of Agent Appearances

A participant indicated that the agents looked like cartoons or
drawings, whereas she preferred the agents to look like real
humans. This participant also indicated that the blinking eyes
and mouth animation were distracting.

The rest of the comments related to the appearance of either
one of the agents. One person particularly mentioned thefemale
agent having afriendly face, whereasall other commentsrelated
to the male agent. The appearance of the older male agent
evoked several associations, such asthe agent looking old, and,
therefore, unhealthy. Others associated the older male agent
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with a scientific staff member, a nerd or a male of the type of
wearing sandals with socks, because of his glasses and popular
beard. Participants preferred an energetic, spontaneous person
and one that is more neutral and clean-shaven. One participant
did not like the male agent, because he associated the agent with
his or her uncle, having a similar name: a spoiled man with
whom you would not be able to connect. Another participant
found the male agent more distracting than the female agent,
because of his glasses.

Users' Perceptions of | nteraction With the Agents

Several participants explicitly indicated that they expected or
would like the agent to speak. One participant expected the
agent to speak dueto its mouth animation, whereas another had
this expectation, since humans interact via speech in red
conversations. Another participant pointed out that, due to the
absence of agent speech, the user has to multitask: the user
simultaneously has to read and answer the questions and pay
attention to the agent. Therefore, she would like the agent to
speak.

W, | have to read what you say to me, but instead
open your mouth yourself! [Female, 73 years]

Other opinions on the interaction with the agent focused on the
naturalness of the interaction.

It felt as if there was a real human in front of me.
[Female, 71 years)

Another participant described theinteraction as actually talking
to someone, and yet another participant described theinteraction
as having aphone call, in which someone is checking how you
are doing. Some participants were less positive. A few
participants specifically said that the interaction with the agents
was impersonal .

Actually, 1 do not have the feeling | am really
communication with someone. [Female, 65 years)

Another participant said that she did not take part in a
conversation but was simply reading and answering questions.
This participant did not establish a connection with the agents.

| barely know her. [Female, 65 years]

Understanding each other? Then one would expect
interaction. [Female, 65 years|
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Last, some comments related to the implemented small talk.
On the one hand, some participants seemed to like the small
talk, reflected by them laughing. On the other hand, a participant
was irritated by the implemented small talk, she felt being
treated like a child.

Agent Preference

The mgjority of the participants indicated they did not prefer
one agent over the other. Most of them indicated they did not
have apreference, sincethey perceived the agentsto be similar.
Some did not even remember they interacted with two different
agents. However, some participants did show apreference. Most
participants preferred the female agent, either because they
believed shewasfriendlier or discussed amoreinteresting topic.
Only one participant preferred the mal e agent but could not say
why.

Usability and I ntention to Use Frailty Assessment App

Questionnaire results show that the usability of and intention
to use the frailty assessment app were high: the 20 usability
ratings displayed a median of 6.1 (interquartile range [IQR]
6.1-7.0) and the 20 intention-to-use ratings displayed amedian
of 6.0 (IQR 4.0-6.0) on a 7-point Likert scale.

During the thinking aloud session and interviews, participants
pointed out usability issues of the frailty assessment app or
provided suggestions for improvements to the app. The
following themes were identified: content questionnaires
(mentioned 107 times), language usagein dia ogues (mentioned
41 times), presentation information (mentioned 21 times),
interaction with app (mentioned 14 times), design (mentioned
7 times), navigation (mentioned 7 times), and general computer
interaction (mentioned 6 times).

Most comments or suggested improvements related to the
content of the questionnaires and the language in the app. The
majority of the participants reported that the questionnaires did
not fit their personal situation and contained alot of repetition
or ambiguity. Participants suggested adapting the questionnaires
according to previous answers given. In addition, participants
commented on the language used: words being ambiguous, too
popular or too old fashioned, unnecessary, patronizing, or not
being known by people with alower education or older adults.
Furthermore, partici pants commented on the length and structure
of the sentences and pointed out spelling mistakes. A participant
suggested adapting the language in the app to the education of
the user. Considerably fewer comments related to the
presentation of information, interaction with the app, design or
navigation of the app, and general computer interaction. Asan
example, with respect to navigation, some participantsindicated
they would like to be able to go back to a previous dialogue
step.

With respect to the intention to use, the thinking aloud sessions
and interviews showed that aminority of the participantswould
liketo usethe app. A participant indicated he would not usethe
app but would recommend the app to others who might benefit
from it. In addition, some participants clearly indicated they
would not usethe app. The majority of the participantsindicated
that the agents did not add any benefit to the app, arguing that
the app was not personal since answer optionswere limited and
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the opportunity to explain them was missing. A participant
stated that for the app to be beneficial, it should also provide
advice on what actionsthe user should perform to become more
healthy. Another participant explicitly stated that he would use
the app when the text was replaced by speech.

Discussion

Principal Findings

Our results show that the appearance of an agent, in particular
age and gender, affects users' perceptions of agent authority
but does not affect users perceptions of other agent
characteristics, users feelings of rapport, or users’ likeliness of
following agent advice. Compared with ayoung female agent,
an older male agent is only seen as more authoritative. These
results are not in line with our expectation that agents are
perceived differently after a short interaction with a user. To
the best of our knowledge, there is no existing research
comparing users impressions of agentsat first glance with those
after short interactions. But research showsthat in human-human
interaction, first impressions, formed within milliseconds[28],
aredifficult to lose. Therefore, we assumed that the differences
in perceptions of characteristics of a static image of a young
female agent and an older male agent, as found in a previous
study [16], would still be present after a short interaction with
these agents. An explanation for this inconsistency could be
that impressions in human-agent interaction differ from
impressions in human-human interaction. Users’ judgments of
agents may modify with ongoing interaction, asresearch shows
that agents do have a second chance to make afirst impression
[13,29]. Therefore, differences in perceptions of both agents
may have been present at first glance but disappeared after
interaction. Further research is needed to confirm this finding.
Future research could study users perceptions of agent
characteristicswith alarger study population. Eventually agents
will be used in along-term setting; therefore, it isinteresting to
research not only users' perceptions at first glance and after
short-term interaction, but also after long-term interaction.

How do we explain the difference in perceptions of agent
authority after a short interaction? Although research on
short-term interaction with an agent indicates that an agent’s
appearance, including clothing [18], racia concordance with
the user [30,31], and similarity with the user [30,32], could
affect users perceptions of the agent, to the best of our
knowledge there is no research on agent authority after short
interaction in particular. From a previous study [16], we see
that at first glance, static images of male and older agents are
indeed seen as more authoritative than female and young agents,
respectively. In addition, the study shows that the differences
found in authority are often higher compared with differences
found for other characteristics tested, which could explain why
the difference in authority level is still present after short
interaction. However, since we did not control the age and
gender of the agents in this study independently, it is difficult
to say whether the difference in perception of agent authority
is caused by agent age or gender in particular or solely by the
combination. Future research could study which factors actually
control the difference, researching users' perceptions of agent
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authority by independently controlling the age and gender of
the agents. In addition, future research could study how an
agent’s authority is perceived after long-term interaction.

We expect that the effect of the first impression established by
agent age and gender on the impression after short interaction
issmall compared with the effect of other design features, such
asthe content and language of the messages, (absence of) agent
speech, and the amount of embodiment. Our study shows that
the majority of participants perceived the agents not as humans
but as machines or cartoons and found interaction with the
agentsimpersonal or artificial. They did not have the feeling of
being in a conversation. These perceptions may indicate users
had a negative adaptation gap [29], which occurs when a user
overestimates the competency of an agent, creating a negative
gap between expected and actual competency of the agent and
resulting in the user being disappointed. This negative adaptation
gap may have been caused by the content and language of agent
messages, agents lacking speech, or agents having little
embodiment, as supported by remarks made by participants
during the thinking aloud sessions and interviews. Therefore,
webedlieveit isimportant to manage users' expectations of agent
characteristics and functionality up front, ensuring users
expectations match actual agent capabilities by explaining what
the users can expect from the agent. Future research could study
how an agent’s content, language, speech, and embodiment
affect users' perceptions of the conversation with the agent (eg,
how these factors could make the conversation with an agent
more human-like).

Although our study shows agent age and gender havelittle effect
on users impressions of the agent after short interaction, we
believe that adapting these features to the user is important
because they affect users impressions of the agent at first glance
[17,19,33], and research shows that people with favorable
impressions of someone tend to interact more with that person
than they do others who gave unfavorable impressions [34].
Selecting an agent with the right age and gender could thus
lower the threshold to interact with the agent and use the app.

Second, our results show that usability of the developed frailty
assessment app was judged positively overal; issuesidentified
by participants related to the content or language of the
guestionnaires. We suggest tailoring the content and language
toward the personal characteristics of the user, as confirmed by
existing research [35], and adapting the content to previous
answers given by the user.

Third, not all participants show an intention to use the app.
Research indicatesthat older adults put effort into learning new
digital technologies as long as they are believed to be worthy
of time and dedication (eg, when technology can be used to
keep intouch with othersto foster relationships[36]). Similarly,
research shows that the elderly value apps that address a social
problem[37]. Theapp used in our study did not addressasocial
problem, which could have resulted in some participants not
seeing the added value of the app and not showing an intention
to use the app. In addition, intention to use digital technologies
in elderly personsis, next to the quality of thetechnology itself,
affected by their personal context (eg, their ability to
concentrate) and social context (eg, whether family is around
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to provide technical support) [37]. Both factors might have
affected participant intentions to use the frailty assessment app
in our study.

More specifically, the majority of participants do not believe
the agent adds value to the frailty assessment app. Therefore,
we suggest updating the design of the agent. We believe that
the agent should convey additional information to its message
intext viaits embodiment. Existing research provides evidence
for implementation of animations of the agent’s embodiment,
showing that animations positively affect users impressions of
the agent [38-40] and interaction time [13,39]. In addition, the
use of speech is recommended because it could increase the
sense of personality of an agent [41] and could be used to
describe feelings [42]. Low-literate users could benefit from
multiple output modalities [43]. Furthermore, participants
indicated they would like the app to provide advice on what
actions they should perform in order to become more healthy.
We see an opportunity for using the agent to provide thisadvice.
As an example, the agent could show videos of exercises to
improve physical strength.

Strengthsand Limitations

Thisisthefirst study that specifically evaluates effects of agent
appearance after short interaction with the agent. In addition,
this study uses actual health content, whichisscarcein research
on agent design.

Our study also has some limitations. First, the negative
adaptation gap between user expectations of agent capabilities
and actual agent capabilities suggests the app used might not
have been mature enough. The agent conveyed the majority of
the information via text. Participants might have been focused
on reading thetext and therefore paid little attention to the agent,
resulting in participants having difficulties in creating
impressions of agent characteristics and establishing rapport.
Second, interaction time with the agents might have been too
short to create impressions of agent characteristics and establish
rapport. Third, although we found a difference in users
perceptions of authority of the young female and the older male
ECA, it is difficult to identify whether this was caused by the
ECA’sgender or age, sincethese factorswere not independently
controlled in the study.

Toward Digital Frailty Assessment With Embodied
Conversational Agents: Recommendationsfor Future
Research

Agent Design Implications

First, convey empathy or emotion using the agent’s embodi ment.
Thisway, agent design can positively affect users’ impressions
of the agent and interaction time. Second, reduce the user’'s
cognitive load by providing the agent messagesin speech. This
way, agent design can positively affect users’ impressions of
the agent. Third, select an agent appearance that fitsthe age and
gender of the user. This way, agent design can lower the
threshold to start using the app.

Prerequisites Frailty Assessment
First, take into account the user’s personal situation, such as
disabilities and living situation, and adapt the content. Adapt
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the questionnaire so users do not see questions that do not apply
to their situation. Second, save the answers given by the user,
and adapt the questionnaire accordingly. Thisway, users do not
have to answer questionsthat are not applicableto them. Third,
adapt the agent’s language based on the educationa level of
user so the language is neither too simple nor too complex.

Conclusions
Our study shows that an agent’s appearance, in particular age

ter Stal et al

threshold to interact, whereas the content and language of the
agent’s messages and agent speech and embodiment are
important factors for users’ impressions of the agent after short
interaction.

We believethat ECAshave potential to beusedin digital frailty
assessment, but future research isneeded. Future research could
study users’ perceptions of agents after long-term interaction,
whether users’ perceptions of agent authority arerelated to agent

age or gender in particular, and how an agent’s content,
language, speech, and embodiment affect users' perceptions of
the conversation with the agent.

and gender, only affects users' perceptions of agent authority
after short-term interaction. We conclude that adapting agent
age and gender to users’ preferences is important to lower the
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Abstract

Background: Atrial fibrillation (AF) isthe most common heart rhythm disorder and poses a growing disease burden worldwide
because of an aging population. A multidisciplinary approach with an emphasis on patient education and self-management has
been demonstrated to improve outcomes for AF through the engagement of patients in their own care. Although e ectronic tools
(e-tools) such as apps have been proposed to provide patient education and facilitate self-management, there have been few
studies to guide the development of these tools for patients with AF.

Objective: This study aims to explore the perceptions of patients and health care providers (HCPs) and their attitudes toward
the use of e-tools for the self-management of AF. It also seeks to elicit the factors that contribute to these attitudes.

Methods: Semistructured qualitative interviews with HCPs and patients were conducted to understand the interpretations and
expectations of an e-tool that would be used for the self-management of AF. Interview data were analyzed using an exploratory
thematic analysis approach to uncover emergent themes and infer ideas of preferred featuresin adevice. A modified technology
acceptance model was devel oped asaframework to hel p interpret these findings. Datafrom the HCPs and patientswere compared
and contrasted.

Results: Both patients and HCPs thought that an e-tool would be useful in the self-management of AF. Although both groups
favored educational content and monitoring of blood pressure, patients expressed more passivity toward self-care and an ambival ence
toward the use of technology to monitor their medical condition. This appears to be related to factors such as a patient’s age,
social support, and their attitudes toward technology. I nstead, they favored using the app to contact their HCPs.

Conclusions: This study provides insights into significant differences in the attitudes of patients and HCPs toward the use of
e-tools for self-care against their priorities. Understanding patients’ motivations and their needs are key to ensuring higher
acceptance of such tools.

(JMIR Hum Factors 2020;7(3):€15492) doi:10.2196/15492
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Introduction

Background

Atrial fibrillation (AF) is the most common and clinically
significant arrhythmia. It is an important risk factor for serious
adverse events such as stroke, heart failure, and early mortality.
Worldwide, there were an estimated 11 million cases of AFin
2013, which was underestimated because of the high prevalence
of asymptomatic AF[1,2]. Its prevalence increases with age by
5% to 15% and is expected to rise 2.5-fold in the next 50 years.
A recent study revealed that hospitalizations for AF increased
by 420% from 767 to 3986 per 1 million Korean population
from 2006 t0 2015 [3]. The overall cost of AF in the same study
showed an increase from EUR 68.4 million (US $86.2 million)
to EUR 388.4 million (US $431.1 million) in the same period,
highlighting the additional health care and economic burden
from the condition [3].

In addition to providing AF care, the European Society of
Cardiology guidelines underlined the importance of patient
involvement in the self-management of AF [4]. The guidelines
further state that patient “education is a prerequisite for
informed, involved patients and patient-centred care”
Nevertheless, overall patient knowledge about AF remains poor
[5-8]. In recent years, electronic tools (e-tools) have been used
asplatformsfor patient education and disease self-management.
Some e-tool s have shown to improve patient outcomes by either
improving disease knowledge or medication adherence
monitoring [9,10].

There remains a paucity of such app-based tools developed for
patients with AF [11-13]. Therefore, the aim of this study was
to determine perceptions of health care providers (HCPs) and
patients and their attitudes toward an etool known as
Self-management and Education Tool for AF patients (SETAF)
that can be used to improve AF knowledge and self-manage the
condition at home. The factors that affect how patients HCPs
respond to the e-tool and the functions and features they would
consider desirable were also studied. Insights from this study
may aid the further devel opment and implementation of SETAF
to alarger audience.

Theoretical Framework

The technology acceptance model (TAM) described by Davis
[14] is one of the most commonly used models to predict the
acceptance of technology. According to the TAM, technology
acceptability is dependent on a user’s perceived usefulness and
the perceived ease of using the device. Perceived usefulness
was defined asthe tendency to use an app depending on auser’s
belief that it will enhance their task performance. Meanwhile,
perceived ease of useisthe user’sbelief that aparticular system
iseasy to use. The combination of the 2 perceptions determined
each user’'s attitude, behavioral intention (BI) to use, and
ultimately, the actual use of the system. In the field of health
care, the TAM was modified to include constructs from other
health-related models [15]. Holden and Karsh [15] noted that

http://humanfactors.jmir.org/2020/3/€15492/

as TAM was not designed “specifically in or for hedlth care
context,” the use of TAM in its generic form “may not capture
or indeed may contradict some of the unique contextual features
of computerised health care delivery.” The model aso does not
consider socia factorsthat potentialy influenceauser’sdecision
to use technology [16]. In a study that explored women’'s
acceptance of seeking health information through models, the
construct on self-efficacy from the socia cognitive theory of
Bandurawas included and was found to be highly correlated to
BI [17]. Another study examining the use of smartphones for
chronic disease management also extended the TAM model to
include constructs from the health belief model and other social
and demographic factors [16]. Some of these additional
constructs were found to have an influence on technology
acceptance.

Methods

Study Design

This exploratory study used qualitative semistructured
interviews to understand the perceptions of HCPs and patients
with AF and their attitudes toward using the AF
self-management e-tool.

Study Population

Purposive sampling was conducted to gather insightsfrom HCPs
who (1) were currently working in the outpatient cardiology
clinic of atertiary university hospital in Singapore and (2) have
extensive experience working with patients with AF. We
approached 23 cardiologists, nurses, and pharmacistswho were
working in the heart clinic through email to participate in the
study. In total, 12 HCPs (4 physicians, 4 nurses, and 4
pharmacists) agreed to participate and were interviewed between
February and April 2016.

A total of 16 patientswith AF and their caregiverswererecruited
from the same cardiology clinic. Theinclusion criteriawere (1)
age >21 years, (2) ability to speak English, and (3)
hospitalizationsin the past 6 months. Patients who had a history
of cognitive impairment or were otherwise unable to provide
informed consent for the study were excluded. Patients and their
caregivers were interviewed together if they were both present
at the clinic. The rationale for this was that most patients with
AF are elderly and often rely on their caregivers as support to
use e-tools. These caregiverseither facilitate the patients' access
to these tools or may in fact use them on the patient’s behalf.
Hence, patient and caregiver dyads were interviewed together,
as the presence of the caregiver may affect how patients
interacted with the e-tool. A total of 11 patients and patient and
caregiver pairs agreed to participate in the study and were
interviewed in July 2016. Patients who declined to be
interviewed cited reasons such as needing to |eave the hospital
after their appointment or were uninterested in technol ogy.

Interview Procedure

All HCPs and patients were interviewed either in the offices of
the HCPs or in a quiet room within the clinic. Semistructured
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interviewswere conducted using aninterview guide (Multimedia
Appendix 1). The questions sought to understand the current
care provided by the cardiology clinic, patients experiences
with self-care, the potential for the use of e-tools in AF
self-management, preferred type of e-tool, and preferred features
of the e-tool. Each interview lasted between 30 and 60 min.

Materials

Most patientswith AFin Singapore are elderly and have limited
formal education. According to data from the Singapore
Department of Statistics, more than 63% of the popul ation aged
65 years and older have only had formal education below the
secondary school level [18]. Therefore, the demonstration tabl et
provided a visualization form. During the interview, patients
were given tablets installed with a self-care program app
(demonstration version) and a blood pressure (BP) machine
loaned by Koninklijke Philips N.V. This is an Android tablet
app built within the Philips Motiva Platform and has a
touchscreen-based interface. Features of the e-tools were
introduced to participants during the interview, and they were
asked to provide their perspective about these features. The
demonstration version consisted of 2 main functions. First, it
provides information and educational content for patients to
learn about AF and its management. Thisisinthe form of videos
related to general health, health-related reminders and messages,
and survey questions. Second, the tablet also has monitoring
functionsand islinked wirelessly to the BP machine. Thisallows
it to automatically log BP and heart rate of the patients, which
is then uploaded to the Motiva cloud-based database.

Data Analysis

All 24 interviews were digitally recorded and transcribed
verbatim by a professional transcriber. Most of the interviews
were conducted in a colloquial form of English widely spoken

http://humanfactors.jmir.org/2020/3/€15492/
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in Singapore, known as Singlish, and the transcripts as well as
the quotes in this manuscript retain the nonstandard grammar
used. The transcripts were analyzed using thematic analysis
using ATLASLt version 8 (ATLASLt Scientific Software
Devel opment GmbH) to organize the data. An initial codebook
was developed by 2 researchers (BC and GK) using 3 transcripts.
The remainder of the interviews were coded by one researcher
(BC), with reliability checks performed on 7 interviews (GK).
First-order codes were identified, then subsequently grouped
into second-order nodes and, finally, key themes. The analysis
was performed for each participant group separately (HCPs and
patients) and then examined for thematic connections between
the participant groups.

Ethics Approval

This study was approved by the domain-specific institutional
review board (DSRB 2015/00940). Researchers conducting the
interviews explained the purpose of the study and clarified any
guestionsfrom the participants. Participants wereinformed that
their data would be anonymized and that their participation in
the study was voluntary, before signing informed consent
documents. Patients were provided with SGD 10 (US $6.90)
reimbursement for their participation.

Results

Participants Profile

The characteristics of the study participants are summarized in
Table 1. HCP participants had worked in a cardiology clinic of
atertiary hospital for an average of 8 years (range 2-13 years).
The patients' ages ranged from 50 to 76 years, and they had a
diagnosis of AF between 0.5 and 17 years. There were mostly
male and Chinese patients, and nearly all were on warfarin

therapy.
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Table 1. Hedlth care providers' and patients’ characteristics.

Cher et a

Characteristics Values
Health care providers (n=12), n (%)
Doctors 4(33)
Nurses 4(33)
Pharmacists 4(33)
Yearsin practice of the health care providers, mean (range) 8 (2-13)
Patients (n=11)
Patients interviewed aone, n (%) 7 (64)
Patients interviewed with caregiver, n (%) 4(36)
Age (years), mean 61
Male, n (%) 7(64)
Ethnicity, n (%)
Chinese 8(73)
Malay 2(18)
Indian 1(9)
Anticoagulation, n (%)
Warfarin 9(82)
Direct oral anticoagulant 2(18)

Themes

A modified TAM framework (Figure 1) was developed using
the findings from this study for 2 reasons: (1) the modified
model sought to highlight the social factors that influence
perceptions and acceptability and (2) the TAM construct of
actual use of the system had to be removed, as this was an
exploratory study with no actual utilization data. The modified

http://humanfactors.jmir.org/2020/3/€15492/

RenderX

TAM framework illustrates the major themes of this study. The
analysisfocused on how various factorsinfluenced participants
perception of the usefulness of an e-tool and their attitudes
toward using such atool. The thematic analysis combines the
findings from the HCPs and the patients. The results include
comparisons between participant groups, where appropriate.

Thethemes derived from our interviewswith patientsand HCPs
are summarized in Table 2 and presented in more detail bel ow.
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Figure 1. Proposed modified technology acceptance model. A: attitude toward use; E-tool: electronic tool; E: perceived ease of use; U: perceived

usefulness.
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Table 2. Summary of themes from patient and health care provider interviews.

Themes Patients

Hedlth care providers

Other observations

Reading material about diet .

Current self-care strate-  «
i Recording diet and medications

gies .

Patient characteristics .
and attitudes toward self-
care

Negative attitude generally, did not
feel they can make a difference

Family and socia sup-
port

Family support important enabler

Support from hospital o Accessto hedlth careadviceimpor-
tant
« Reliant on health care providersfor

health information

Perceived usefulness *  etool®can beuseful for self-man-  *

agement

«  Vaued BP monitoring, educational
videos, and support from health
care providers

Technical preferencesfor
e-tool .

Preferred smartphone based .
Some preferred larger screens

Attitudestowardusinge- «  Mostly reluctant to use asunfamil-

tool iar with technology .
«  Concerned about lack of time and
cost of devices .

Redefining the use of .
non—e-tools

Generally preferred paper-based .
tools for education and recording
BP measurements

Patients did not follow advice on

Advised to monitor BP?, diet,and  * , :
exercise and diet

exercise

Provided reading material

Younger patients more educated  « /AP
and more likely to self-care

Family supportimportant enabler «  N/A
Language barrier affectspatients «  N/A

ability to understand their condi-
tion

Valued patient support groups, .
reminders about diet, medication,
or clinic appointments

Discrepancy between what pa-
tients and health care providers
valued

Integration with eHealthrecord «  Both groupsemphasized the accu-

important racy of monitoring toolsand mul-
tilanguage support

More receptive than patients « N/A

Can empower patients and pro-

vide reassurance

Concerned that patients may be

resistant to using the tools

Lack human touch

Engage primary and community «  N/A

care to customize care

3BP: blood pressure.
BN/A: not applicable.
Ce-tool: electronic tool.

Current Self-Care Strategies

In addition to general consultation for AF, HCPs mentioned
that the clinic also provided patients with self-care strategies.
Dietary consultation featured prominently for patientswho were
prescribed warfarin (a blood thinner to reduce stroke risk)
because of the large number of food-drug interactions. Patients
confirmed the provision of abooklet for foodsthey should avoid
consuming. HCPs also advised patients to regularly attend
clinical consultations; instructed them to measure and record
their BP and heart rate at home; and advised them to exercise
regularly and make other lifestyle changes, such as lowering
stress levels.

Some self-care strategies were adopted by patients who
mentioned that they went for frequent checkups, watched their
diet, and consumed medications as directed, for example,
through the use of pillboxes. However, in direct contrast to what
was discussed by the HCPs, most patients mentioned that they
did not exercise or measure their BP regularly because they
were not advised to do so by clinicians:

http://humanfactors.jmir.org/2020/3/€15492/

Interviewer: So, did the doctor advise you that you

should monitor your heart rate at home?

Patient: No, he never ask me to do that.

I: What about blood pressure?

P: No, no. [Patient 9]
From the HCPS' standpoint, medication and dietary restriction
adherence can be challenging for some patients. This is
particularly true for patients on warfarin, as dosage can be
frequently altered, and it may be difficult for patients to keep
up with the changes. The HCPs were also concerned about
potential drug-drug interactions because of polypharmacy from
other conditions and interactions with food that may contain
traditional Chinese medicineingredients. Finally, patients often
cited a lack of time or comorbidities as a reason for not
exercising regularly.

Patient Characteristics and Attitudes Toward Self-Care

Patient characteristics largely defined their attitudes toward
self-care. The HCPs noted that younger patientstend to be more
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educated and have a higher health literacy level and thus were
better able to care for themselves. Better self-care was also
observed in patients who had higher levels of motivation and
technol ogy-savviness. For example, one patient mentioned that
he read medical booksto better understand AF and experimented
with different diets:

| start looking at the medical books like science guy
you know s0...0k, thisis AF you know... ventricle [is
this], not this, ok, so in us.. there is some..
misbehaviour somewhere in... those things and then
that’s how suddenly, you know, bad thing come up,
you see? So what are what are precautions, | must
do and so on, you see? So I, I...I [have] been very
careful! [Patient 8]

Conversely, negative attitudes in patients were seen as amajor
barrier to self-care. Some partici pants mentioned that apart from
diet and medications, they did not make other lifestyle changes
because they could not be bothered or were too lazy to do so.
Others felt useless and hopeless, and these patients believed
that they could not do much to improve or manage their
condition:

I: Do you have experience using blood pressure
machine?

P: | have [it] at home but | don’t bother with this. |
kept there quite some time already.

I: Why not? What is it that is preventing you from
using it.

P: | [am too] lazy to go and take (it) out [to use].
[Patient 4]

Family and Social Support

High levels of family involvement or good social support were
facilitators of self-care. For some patients, caregivers helped
them to either monitor their diet and/or medications and were
also involved in educating them about their condition.

Conversely, lack of support from family memberswas abarrier
to self-care. For example, dietary restrictions were noted by
some patients and HCPs to be challenging. For these patients,
family members who were not used to cooking with or eating
healthier food options (eg, healthier oilsand whole grains) were
initially resistant to making dietary changes:

The oil must change. Now we never take the vegetable
oil at home, we must buy the soya bean oil, the olive
ail for him. At first a bit difficult, because my children
can't take it when | cook with that oil. They say it's
a bit different, the taste is a bit different. Then | said
it'sgood for your father, must try to [ change] the ail.
[Caregiver 7]

Support From Hospital

Patients with AF who are prescribed warfarin require regular
monitoring of blood coagulation levels. The HCPs indicated
that low-income patients who had difficulty attending frequent
follow-up appointments at the clinic were loaned the
international normalized ratio (INR) testing machinesto self-test
at home. Different levels of telecare were described by the
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HCPs. Telecare was provided to these patients by pharmacists
from the anticoagulation clinic calling them to monitor their
INR levels and to advise them on titrating their warfarin
dosages:

[The] patient can do a phone consult. That means
[the] patient comes, then [hasthe] blood [test], then
they will go. Then pharmacy will trace the blood
[results] later, because waiting for the blood test and
all that right, so it takes some time, so they will let
the patient go home so anything “ I'll update you on
the dosage” That means the dosage titration will be
done over the phone, then the pharmacist will call
the patient or the caregiver, “ okay you can continue
the drugs until 2 weeks' time then we see you again,’

something like that. There's another one where a
patient can go to a polyclinic, the nearest polyclinic.
[Nurse 4]

Interestingly, athough some patients mentioned that they
occasionally discussed issues about their condition with their
HCPs over the phone, this was not connected to the INR home
monitoring service. They thought that the ability to call nurses
when faced with problems was helpful to them and could
facilitate self-care. Many patients were also unaware that they
could do their blood tests at home. The availability of the INR
machine is also an area of some confusion. Although the
machineisavailablefor purchasein the hospital pharmacy, one
HCP mentioned that it was not currently available for purchase
in Singapore.

In terms of health information seeking behavior, the majority
of the participants relied extensively on their HCPs for
information. This was particularly evident in patients who did
not self-monitor their BR, as they felt that it was frequently
checked in the hospital. Similarly, these participants only sought
information about AF from their HCPs and did not actively
search for information or speak to their friends or families about
their condition:

I: Besides from the doctor, did you find out
[information] from anyone else?

P: No, | don’t!

I: What about from... the internet?

P: No!

I: Then, your friends?

P: No!

I: Or, anyone with the same conditions?

P: I only... want to interact with the doctors, other
than that, my friendsand all, they don’t know my case.
[Patient 11]
Despite the patients’ reported reliance on HCPs, the HCPs stated
that patients have problems understanding AF, in part because
of language barriers between the HCPs and the patients. The
language barrier was felt to result in misconceptions about AF
in the patient population.
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Perceived Usefulness

Overdll, the mgjority of participants felt that an e-tool would
be useful for self-management. In particular, features that were
found to be useful by both HCPs and patients were BP
monitoring and logging, educational videos, and support from
HCP. In contrast, features such as patient support groups and
reminders about diet, medications, and clinic appointmentswere
consistently seen as useful by HCPs but not by patients. The
following section outlines the participants’ perceptions of the
various suggested features.

Educational Videos

HCPs stressed the importance of education in AF
self-management. Intheir view, patients require education about
the management of AF (such as pharmacotherapy and other
lifestyle advice) and knowing when and where to seek help.
Moreover, as some patients may not necessarily know how to
navigate the e-tool, education about how to use the tool was
also seen to be important. When shown a demonstration of the
e-tool, patients found the content about medication and dietary
advice useful. Patients al so wanted e-toolsto includeinformation
about financial aid and other conditions.

BP Monitoring and Logging

Patients liked the ability to use the e-tool to monitor and
automatically log BPresults. In addition, both HCPs and patients
would like to see this feature extended to other conditions. For
example, one suggestion was that the same tool could be used
to measure and log blood glucose levels of diabetic patients.
Another suggestion was to have BP monitoring on top of
existing heart rate monitoring in wearables.

I nteraction With HCPs

Another feature of an e-tool desired by both HCPs and patients
was interaction with a member of the clinical team. The level
of interaction could range from having the HCP monitor a
patient's vital signs through the e-tool or having a quick
feedback or question section for patientsto posetheir questions
to their HCP, to having a chat-bot and a messaging system with
the clinical team. Patients generally preferred methods that
provided more interaction with their HCP, as it would resolve
issues faster.

Reminders for Medications, Diet, and Appointments

The HCPs felt that having a reminder system for medication
use, diet, and clinical appointments may help to improve
adherence in patients. However, this sentiment was not shared
by most patients. Both HCPs and patients felt that it would be
useful if the tool could provide a list of current medications
prescribed to the patient. The HCPs al so suggested that the cost
of medications could be included in the tool.

Patient Support Group

A virtual patient support group was suggested as a useful
element of the e-tool by HCPs. However, most of the patients
felt that this was not useful. Reasons included not wanting to
be overburdened with reading about other patients’ issues, being
misled by falseinformation, feeling that their condition was not
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serious enough to warrant such a group, and an unwillingness
to reveal health information to others:

| doubt people want to [reveal] their condition to us
unlessit isto [their] doctor. Usually patients | don't
think they will want to let you know what’s their
outcome[ig]. Unlessit’syour family member. [Patient
4]

Technical Aspects of E-Tools: General Preferences

In general, participants had varied preferences in terms of the
e-tool platform. Many participants felt that having an AF app
on asmartphonewould be more convenient asthey alwayshave
access to their phones. Others felt that it would be easier to
access the content if it were on bigger screens, for example, on
atablet or computer. Apart from apps, HCPs aso mentioned
the convenience of websites as they can be accessed from
computers, tablets, and smartphones:

Computer will be better. Phone is also difficult.
Bigger screen better. Tablet ok. [Patient 1]

In terms of technical qualities of the e-tool, the HCPs and the
patients emphasized the importance of having accurate
information and accurate readings (eg, BP) in the e-tool. Both
groups also emphasized the importance of making the e-tool a
multilanguage tool. Both patients and HCPs also hoped to see
an interactive e-tool. Furthermore, the HCPs added that there
should be seamless data integration between the e-tool and the
hospital system, although some expressed concerns over
confidentiality and privacy with alinked system.

Attitudes Toward Using E-Tools

In general, HCPs were more receptive to the idea of using
e-toolsthan patients. They believed that the use of e-toolscould
empower patients, provide them with reassurance, and, in the
process, help reduce costs. The potentia of using an e-tool to
gain easy access to patients’ self-monitoring data was seen to
be advantageous.

Patients, in contrast, were less enthusiastic about e-tools. They
thought that e-tools were generally useful and convenient, as
they would be able to view information instantly. However,
most of them expressed an unwillingness to use the tool. The
primary reason for their reluctance was largely because of
unfamiliarity with technology. Some mentioned that they do
not own any of these devices (smartphone and tablet) and they
do not know how to use the internet. This uncertainty about
technology also extended to the perception that e-tools would
be complicated and troublesome. Patientsfelt that e-tools were
impractical and were unwilling to learn how to use one. This
perceived difficulty was a so coupled with the belief that medical
termsare complicated, and thus, the content of the e-tool would
be equally difficult to understand:

I: If | was to say that | want to introduce a tool like
that to help you measure your heart rate, your blood
pressure, all these things, would you find it useful ?

P: 1,1 find it not practical usefor melah. | don’t think
0.

I: Why isit not practical ? Is there any reason?
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P: No reason at all. [Patient 5]

Lack of time and costs also contributed to the patients
unwillingness to use an e-tool. Those who were working long
hours prioritized rest over the use of an e-tool. Many felt that
the cost of the e-tool would be high and indicated that they were
only willing to pay up to SGD 200 (US $138) for the e-tool
should it be developed for mass use. They also suggested that
the e-tool could be paid for by Medisave (a mandatory savings
schemefor health care) or Medifund (agovernment health care
assistance scheme):

But before that | will ask, all these, right, will you
charge[to] us? Because my husband is not working,
I’'m not working myself, [because] my daughter is
from special school. Now | only have help from elder
son, he [is] the one who support us now, but he
himself got ... to pay [the] bill so one household. So
I myself go hospital under Medifund, that iswhy | ask
you first because we are... [having difficulty with]
our finances also. [Caregiver 7]

Despite their more positive attitude toward e-tools, HCPs had
some reservations. HCPs worried that it would be difficult to
convince patients to rely more on e-tools, asit lacks the human
touch that patients seek during clinic visits. Thisis particularly
so for patients who have frequent foll ow-ups. Moreover, HCPs
were concerned that their patients’ inability to use technology
may hinder the adoption of e-tools. They also noted that an
etool had the potential to increase anxiety if patients
overmonitored themselves. The e-tool would be a constant
reminder to patients about their condition and may affect their
well-being. E-tools with a messaging function may also be an
additional burden to HCPs as they may have to constantly
respond to patients’ messages.

Redefining the Use of Non—E-Tools

Patients mentioned that they were comfortable with printed
material to provide information about their condition. For
example, patients preferred the booklet of dietary restrictions
that are currently provided to them by the AF clinic as opposed
to having this information in an e-tool. Patients felt that they
could also record BP measurements in notebooks rather than
having the readings sync directly to the e-tools. In addition to
pamphlets, HCPs suggested books, posters, roadshows, and the
use of educational videosin the clinic to help educate patients:

I: Apart fromall this| have shared with you, instead
of putting themin electronic platform, | give you in,
say, a book, isit better for you?

Caregiver: Ya | think it's better because | can read

it. If I don’t understand, | can ask my son ... | can

concentrate what is this [and] what is [that].

[Caregiver 7]
One interesting suggestion by HCPs was to use primary and
community care servicesto help patients manage their condition
closer to home. HCPs believed that general practitionerswould
have a better understanding of the patient's preexisting
conditions, which would help in care management. However,
they were concerned about the current cultural preferenceamong
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patients of seeing specialists in hospitals for heart conditions
and that this culture may be hard to change.

Discussion

Overall, the results from the interviews indicated that having
an e-tool to help patients self-manage AF was acceptable to
both clinicians and patients. In particular, both parties thought
that having more educational content about AF was useful and
that monitoring and logging of vital signs through the e-tool
was convenient. Having the app on a smartphone appeared to
be the preferred platform, given that the majority of patients
had them, although some preferred the bigger screen sizes of
tablets and computers.

A noteworthy finding wasthat there wereimportant differences
in the preferences of patients and HCPs. The latter wanted
features that would enhance their clinical work, such as the
ability to integrate data between the e-tool and the hospital
network and quantify AF symptoms remotely. In contrast,
patients’ interest in the e-tool centered around access to advice
from HCPs, BP monitoring, and education about their condition.
Nonetheless, there appears to be significant barriers to patient
acceptance of such e-tools, which underscoresthe need to design
such tools with patients' heedsin mind.

Reluctance Among Elderly Patientsto Use E-Tools

Patients’ current self-care behaviors are a strong determinant
in defining their attitudes toward using e-tools. These self-care
behaviors and dtrategies are, in turn, determined by
individual-level characteristics and facilitated by the level of
support from family and friends and support from the wider
environment, such as from the hospital. For instance, although
the HCPs reported asking patients to monitor their BP, the
patientsin this study did not consider thisto be useful. Coupled
with a general disregard for self-care, this meant that they did
not consider BP monitoring aroutine part of AF management.

Currently, patients' self-care mechanisms include the use of
pillboxes, a booklet on dietary restrictions, and logging BP
results in notebooks. However, the majority of the participants
had a passive attitude toward self-care. Including these features
inthe e-tool, although potentially useful, may not trandateinto
incremental benefits for patients who do not see the value of
self-monitoring. Even among those who were currently
self-monitoring, their unfamiliarity with technology created a
perception that the device would be difficult to use, leading to
a negative attitude toward using e-tools in general.

From a broader perspective, the prevailing environment does
not appear to promote the use of e-tools for self-management.
Patients with AF are generally older and have multiple
comorbidities in addition to AF, such as hypertension and
diabetes. Conseguently, the patientsin this study made frequent
tripsto the hospital for the management of other conditions due
to fragmented specialty care. Frequent clinic contact perpetuates
patients' reliance on the hospital and the HCPs. Although the
HCPs mentioned that the e-tools can help reduce trips to the
hospital, this may not be beneficial for the patients who are
already used to making regular clinic visits. Furthermore, if the
content of the e-tool does not include other chronic conditions,
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it may not significantly reduce the overall need for hospital
visits. To overcome this, a more integrated approach to
managing these multiple conditions will be needed both in the
form of clinical care as well as in the design of e-tools. A
potential approach would be to integrate chronic care clinics
for patients with AF [19].

Comparison With Prior Work

Our findings were largely similar to those of other eHealth
studiesin Singapore. In designing alifestyle app for overweight
pregnant women, Lau et al [20] found that these women also
preferred to use smartphones as they are user-friendly and
convenient. The need for multilanguage platforms was aso
reflected in their study. However, unlike our study population,
these women expressed a preference for peer support to provide
additional information during their pregnancy. The reason for
thisisuncertain, but therelatively younger patientsin the study
may be more comfortable relying on multiple information
sources through social networks in a manner akin to social
media.

Another study |ooked at appsto improve medication adherence
in oncology patients, who valued educational and behavioral
interventions [21]. Older patients and those who were less
educated were a so unlikely to use such smartphone health apps.
In our study, although some patients preferred the use of
smartphone apps, we al so found that some other patientsvalued
the larger screens of tablets or computers asthey makeit easier
to read.

Advantages of the Modified TAM Framework

The TAM framework was originally devised to study the factors
that contribute to the attitude toward the Bl to use new
technology [14]. However, this does not include some factors
that impact the use of technology in ahealth care context. Hence,
the modified TAM framework was developed to include the
effects of external social or clinical factors on how patients
interact with e-tools. In this study, we found that a patient’s age,
socia support, and their attitudes toward technology aswell as
their self-care had important influences on how they perceived
the usefulness and ease of use of e-tools. These psychosocial
factors are not included in the original TAM, but, for our
patients, could influence whether they use an e-tool. This
framework extends the TAM beyond more technica
considerations, such as the specification of the e-tool and the
user interface, and allows a more complete assessment of how
patients may respond to eHealth interventions.

Implicationsfor AF Care

Specific to self-monitoring toolsfor patientswith AF, thereare
other published studies that demonstrated that patients were
generaly satisfied with a mobile self-care and medication
adherence app [12,13]. In the study by Hirschey et a [12], the
majority of the participants reported using the medication
reminder feature, despite stating that they would have
remembered to take their medication without the app.
Participants also liked that they were able to check their heart
rates quickly. Thisisin stark contrast to our findings that such
features in an e-tool were not seen to be useful and illustrate
theimportance of understanding the patient population for whom
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an e-tool is designed. In the study by Hirschey et al [12], the
patients had an average age of 59 years, and the mgjority had
at least some college education. Our participantswere older and
had much lessformal education; more than 63% of Singaporeans
aged 65 yearsor older in 2018 did not attain more than primary
school education [18]. They generally had little or no experience
using e-tools, given that care was mostly done within the health
care setting. Such patient characteristics were likely to be
influential in how patients perceive e-tools and need to be
considered when designing them.

It is unsurprising that the HCPs in our study believed that the
e-tool would only be useful for those patientswho were already
engaged in regular self-carefor AF management. These patients
were likely to be younger, have a higher level of education,
have better health literacy, were motivated to care for
themselves, and were more likely to use technological toolsin
their daily lives.

Another key finding of this study was that the content and
functions of the e-tools suggested by the HCPs did not address
what patients thought would be most useful to them. Poor
medication and dietary adherence were some of the main
concerns from the HCPS' perspective, and they felt that having
educational content and reminders would help patients better
manage their condition. However, these were not the main
barriers faced by the patients, as the majority claimed to have
no difficulty with adherence. What patients valued was the
ability to contact or interact with HCP as they still perceived
them to be the most reliable source of information and advice.
Thisislikely areflection of the heavily hospital-centric model
of outpatient specialist care in Singapore where most patients
with AF receive their routine health care. As such, patients
strongly preferred direct access to their HCPs.

Given patients' current reliance on frequent hospital visits to
access their HCPs, patients may benefit more from improved
integration of care between hospitals and primary care settings
for their chronic conditions, including AF. A systematic review
by Gallagher et a [19] showed that multidisciplinary team and
community support for patients with AF improved outcomes
such a a reduction in all-cause mortality and
cardiovascular-related hospitalizations. This supports the need
to shift chronic care management away from the hospital. The
combination of a well-designed, user-centric e-tool and
right-siting health care delivery into the community may be the
key to improving overall patient outcomesand may also deliver
cost benefits to the health care system.

Limitations

Thisstudy has some limitationsworth discussing. First, although
the purpose of showing patients a prototype of the e-tool was
to facilitate understanding and guide them in answering
guestions, the presence of the prototype may have limited their
expression of ideas and restricted the conversation to their
opinions on the features in the sampl e tablet as opposed to the
generation of possible features for the e-tool. Second, because
of the strict inclusion criteria, only English-speaking participants
wererecruited for the study, asthe prototypewasonly available
in English. Thisresulted in acohort from anarrow demographic
in Singapore and made a meaningful analysis of the influence
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of demographic factors impossible, especially given the small
number of patients involved. Nonetheless, it is likely that our
study subjects closely reflected the patients most likely to use
such e-tools in the real world. We recognize that non-English

Cher et a

believe that as they are likely to interact with the e-tool in
everyday situations asadyad, interviewing them asapair would
allow amorerealistic understanding of how they respond to the
e-tool.

speakers may have different perceptions of e-tools. Thus, an
exploratory study with non—English-speaking participants is
crucia before implementing the e-tool countrywide.

Conclusions

This study providesinsightsinto the acceptability of e-toolsas
part of AF self-management from the perspective of both HCPs
and patients. Educational content and monitoring ability of the
e-tool were seen asuseful featuresin patient self-care, but there
was discordance between what HCPs and patients perceived to
be most useful. Patients’ passivity toward self-care in general
will be a challenge when trying to engage them in the use of
e-tools, and understanding thetarget patient populationiscrucia
in designing ae-tool.

The patient and their caregivers were interviewed together in
this study, as elderly patients with AF often rely on their
caregivers to access e-tools. However, as these were joint
interviews, we were not able to analyze their responses
separately, and we cannot comment on whether there were any
differences between patients and caregivers. It is possible that
they may separately respond differently to the e-tool, but we
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