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Abstract

Background: Due to the upsurge of COVID-19, nations are increasingly adopting telemedicine programs in anticipation of
similar crises. Similar to all nations worldwide, Jordan is implementing efforts to adopt such technologies, yet it is far from
complete.

Objective: This study aims to assess the knowledge, attitudes, and perceptions of Jordanians toward telemedicine, to identify
key factors predisposing individualsto its use or acting as barriers to its implementation.

Methods: We implemented a cross-sectional design using an online, self-administered questionnaire executed in Google Forms
and distributed through social media. Differences in knowledge and attitude scores were examined using independent sample t
tests and ANOVA. A multivariate linear regression model was computed to assess predictors of awareness toward telemedicine.

Results: A total of 1201 participants fully completed the questionnaire. Participants were characterized by a mean age of 36.3
(SD 14.4) years and a male-to-female ratio of nearly 1:1. About 50% (619/1201, 51.5%) of our studied population were aware
of telemedicine, while nearly 25% (299/1201, 24.9%) declared they had observed it in action. Approximatively 68% (814/1201,
67.8%) of respondents were willing to use telemedicine. The majority of the sample portrayed favorable and positive views
toward telemedicine. Higher educational degrees, living in urban districts, and having a higher perception of electronic usage
ability were associated with higher knowledge and better attitudes toward telemedicine (all P<.05). The multivariate linear
regression analysis demonstrated that perceived ability to use electronics was associated with positive attitudes (f=0.394; 95%
Cl 0.224 to 0.563), while living in Southern Jordan predicted poor attitudes toward telemedicine (f=—2.896; 95% Cl —4.873 to
-0.919).

Conclusions: Jordanians portray favorable perceptions of telemedicine. Nonethel ess, concerns with regards to privacy, medical
errors, and capacity for accurate diagnoses are prevalent. Furthermore, Jordanians believe that integrating telemedicine within
the health care system is not applicable due to limited resources.

(IMIR Hum Factors 2022;9(4):e41499) doi:10.2196/41499
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Introduction

Telemedicine is defined by the World Health Organization as
the use of information and communication technologies to
promote health, provide medical care, exchange medical
information, and educate health care providers and patients over
long distances [1]. It was properly integrated into clinical
practice as early as 1959 within the field of psychiatry [2]. In
recent years, there has been expeditious adoption and rising
interest by policy makers of this technology across most
disciplines of medical care worldwide [3-5]. Those changes
were a direct cause of and paralleled by the COVID-19
pandemic, asthe need for ingeniouswaysto effectively provide
health care while maintaining implementations of social
distancing and policies to limit the spread of the virus was
imperative [6].

Although the literature recognizes the myriad of benefits of
telemedicine, such as reducing travel time, decreasing
consultation fees, and increasing access to medical servicesto
residents of remote, low-resource regions [7-9], impediments
to the proper implementation of thistechnology worldwide still
exist, especially within low-resource settings. Namely, hurdles
related to cost, lack of technical staff, privacy of information,
and resistance to change were among the most commonly
reported [10-12].

Along those challenges, there are some aspects that are
particularly important in the Arab context, specifically those
pertaining to social and religious restrictions [13,14]. One
example of thisisthe case of dealing with the opposite sex (ie,
when amale health care provider hasto cooperate with afemale
clinical staff or patient and vice versa). Although permitted in
Islam under specific rules, the traditional beliefs of parties
involved may prohibit the use of telemedicine services. Such a
phenomenon is considered one of the top challenges of
implanting telemedicine in Saudi health care [15].

In the Arab world, the concept of telemedicineistill relatively
new, and applications of thistechnology are till limited [16,17].
Jordan as a country is no different to this situation as early
attemptsto carry out telemedicine projects of limited reach date
back to 2008 [18]. Other small-scale projects, including digital
mental health services and counseling of pediatric asthma
patients, also took place before and in responseto the COVID-19
pandemic [19-22].

To date, some of the well-established telemedicine programs
in Jordan include the Hakeem Portal, which provides patients
with the service of booking outpatient follow-up consultations
within public health institutions [23]. Other programs include
the King Hussein Cancer Center programs for retinoblastoma
diagnosis and management as well as consultation services for
general cancer cases[24,25], specialized telehealth consultations
in some of the private sector hospitals [26], and finaly,
independent service providers like that of “AlTibbi,” a mobile
health service[27]. Nonethel ess, successful nationwide adoption

https://humanfactors.,jmir.org/2022/4/e41499

of telemedicine is dill far from complete. Taking into
consideration the reciprocal nature of this service that requires
good technological literacy, supporting infrastructure, an
adequate level of patient education, and resistance to changein
both staff and patients[28], successful implementation requires
a thorough understanding of its tenants and evaluation of the
skillsrequired from partiesinvolved, specifically, therecipients
and providers, and an assessment of the possibility of
incorporating it into the existing system, all of which has not
been addressed in the Jordanian population.

Hence, the primary aim of this study was to investigate the
knowledge, attitudes, and perceptions of the Jordanian public
toward telemedicine. The secondary aims of this study were to
identify key predictive factors of telemedicine usage and the
potential obstacles for implementation.

Methods

Study Setting, Design, and Sampling

This cross-sectional study was conducted in The Hashemite
Kingdom of Jordan, an upper-middle-income country located
inthe Middle East. Jordan has a population of 10.3 million and
a median age of 23.8 years as of 2022. We designed and
distributed an online, self-administered questionnaire executed
in Google Forms and distributed through social media. We
adopted aconvenience sampling techniquein order to approach
thetarget group of the study, which aimed to represent the adult
general population (=18 years old) across al genders,
governorates, and nationalities of those living in Jordan. The
guestionnaire was di stributed among the target population during
January 2022 through multiple popular social media platforms
(eg, Facebook, Twitter, and WhatsApp). Participants were
encouraged to share the questionnaire among their friends and
relatives for maximum reach and generalizability of results.
Simultaneously, a printed self-administered version of the
guestionnaire was utilized and distributed in places where
different groups of the target population, especially those who
are less likely to be active on the af orementioned social media
platforms, could be found, thus reducing biases introduced by
online surveys. These locations included the Jordan University
Hospital, King Abdullah University Hospital, Al-Bashir public
hospital, and the Royal Medical Services, as these locations
provide medical care to the greater majority of individualsin
Jordan. Moreover, in-person data collection was initiated in
public spaces including malls, shopping districts, and
entertainment districts. It should be noted that the Jordan
University Hospital isthe largest academic center in Jordan and
isthelargest referral center for all of central Jordan serving over
4 million patients. Participantsincluded in the study were those
who gaveinformed consent, compl eted the whole questionnaire,
and were =18 years of age.
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Questionnaire Development

The questionnaire was constructed after conducting an extensive
literature review [29-33]. The questionnaire’s first domain
inquired about relevant sociodemographic variables of potential
participants. These factors included age, biological sex,
educational level, governorate or residence, place of residence
(rura/urban), marital status, number of children, type of
insurance, job type (office, field, student, and retired), type of
internet connection at home, presence of chronic illness,
presence of regularly administered medications, and the type
of hospital the patient attends for regular follow up
(governmental, private, university hospital, military, or others,
if applicable). Also, the first domain examined the perceived
level of competency with handling electronics using a 10-point
scale. The second and third domainswere primarily influenced
by an exploration of attitudes toward telemedicine in Saudi
Arabia[30]. The second domain was concerned with assessing
the participants’' level of knowledge regarding telemedicineand
its services. It consisted of 8 dichotomous items with a score
ranging from 0O to 8. Using the Kuder-Richardson formula, the
alphavaluefor the knowledge domainwas 0.677. Thethird and
final domain consisted of 14 items that were used to assess the
attitudes (ie, general perceptions, perceived benefits, and
concerns) of the study participants toward the use of
telemedicine and its applications. Each item was associated
with a4-point Likert scale (1 = strongly disagree, 2 = disagree,
3 = agree, 4 = strongly agree). A neutral option was removed
as means to avoid neutral bias when using the Likert scale and
ease the process of statistical analysis. Thefirst 11 items of the
third domain contributed to the attitudes score, ranging from
11 to 44. Similarly, the final 3 items of the third domain
constituted the perceptions score, ranging from 3 to 12.

During pilot testing, the Cronbach alpha for the attitudes and
perceptions scores were 0.82 and 0.74, respectively, thus
ensuring proper internal consistency. The questionnaire’s content
validity was ensured by a panel of expertsin global and public
health. Meanwhile, face validity was ensured through
respondents’ feedback during pilot testing. Construct validity
was examined using factor analysis. The Barret test for
sphericity was significant at P<.001, and the Kaiser Meyer Olkin
measure was 0.886. Using principal component analysis with
direct oblimin rotation, a total of 6 factors had eigenvalues
greater than 1 and explained 58.2% of the variance. Scree plot
inspection demonstrated the point of inflexion after 3
components explained 42.7% of the variance. The other
componentswere excluded asthey managed to explain lessthan
5% of the variance. The 3 components corresponded to the
knowledge, attitude, and perception domains.

The questionnaire was translated to Arabic to ensure
comprehensibility, and it was trandated back to English, all
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through the help of an expert translator. The final questionnaire
included atotal of 36 items (including demographics), with an
approximate time of completion of 4 minutes.

Statistical Analysis

Statistical Methods

Statistical analysiswas conducted using SPSSversion 24 (IBM
Corp, Armonk, NY). Datawere reported as frequencies (n) and
percentages (%) or means (SDs) wherever applicable. Normality
of data was tested using the Shapiro-Wilk and Kolmogorov
Smirnov tests. Mean differences were examined using the
independent sample t test or ANOVA. A multivariate linear
regression model was computed to assess the predictors of
attitudes score. All statistical tests were conducted with 95%
Cls and a 5% error margin. A P value <.05 was considered
statistically significant.

Power and Sample Size

Considering that there are no comparable studies from Jordan
that can be used to calculate the appropriate sample size, the
estimated sample size was calculated using GPower 3.1 and
Epilnfo. At apower of 95%, a margin of error of 5%, and effect
size of 30%, a sample of 580 participants was needed to
demonstrate statistical differences of appropriate power.

Ethical Consider ations

This study was approved by the University of Jordan Scientific
Committee.

Results

Demographics

A total of 1201 participants fully completed the questionnaire.
Participants were characterized by amean age of 36.3 (SD 14.4)
yearsand amale-to-femaleratio of nearly 1:1. Most participants
had at least a university degree (ie, bachelor’s; 758/1201,
63.1%), lived in the capital of Jordan (743/1201, 61.9%), and
resided within urban cities (1056/1201, 87.9%). Nearly 58%
(690/1201, 57.5%) of all participants were married, of which
70.7% (488/1201) had at least 3 children. Furthermore, 28.6%
(344/1201) held office-based occupations, 26.2% (315/1201)
were unemployed, 26.0% (312/1201) were students, 19.2%
(230/1201) held field occupations, 4.4% (53, 1201) were
housewives, and 3.9% (47/1201) wereretired.

In terms of electronic competency, 54.3% (652/1201) perceived
that they were highly competent in dealing with computers or
electronic tablets. The most common internet connection types
reported were 4G standard routers (386/1201, 30.6%), followed
by fiber opticinternet (522/1201, 23.5%). The sociodemographic
characteristics of the cohort are described in Table 1.
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Table 1. Demographics of the recruited participants (n=1201).

Variable Results, n (%)
Gender
Male 615 (51.2)
Female 586 (48.8)
Age (years)
18-30 515 (42.9)
31-40 232 (19.3)
41-50 227 (18.9)
51-60 165 (13.7)
61-85 62 (5.2)
Educational level
Primary 29 (2.9)
High school 209 (17.4)
University 758 (63.1)
Postgraduate (ie, master’s) 205 (17.1)
Area
Capital (Amman) 743 (61.9)
Central 210 (17.5)
North 198 (16.5)
South 50 (4.2)
Residence
Urban 1056 (87.9)
Rural 145 (12.1)

Relationship status

Married 690 (57.5)

Single 511 (42.5)
Number of children

0 57 (8.3)

1 51 (7.4)

2 94 (13.6)

=3 488 (70.7)
Nature of work

Office 344 (28.6)

Field 230(19.2)

Retired 47 (3.9)

Student 312 (26.0)

Housewife 53 (4.4)

Unemployed 215(17.9)
Type of internet connection

Fiber 522 (23.5)

4G router 368 (30.6)

ADSL 45 (3.7)

Phone packets 184 (15.3)

https://humanfactors,mir.org/2022/4/e41499 JMIR Hum Factors 2022 | vol. 9 | iss. 4 | e41499 | p.7

(page number not for citation purposes)

RenderX


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

JMIR HUMAN FACTORS

Murshidi et &l

Variable

Results, n (%)

Router and phone packets
None
Comorbidities (yes)
Medications (yes)
Perceived ability
High (8-10)
Low (0-7)

81(6.7)
1(0.2)
280 (23.3)
359 (29.9)

652 (54.3)
549 (45.7)

Knowledge of Telemedicine

Table 2 shows that 51.5% (619/1201) had heard of the concept
of telemedicine, while only 24.9% (299/1201) had observed it
in action. Also, only a mere 14.2% (170/1201) had tried using
telemedicine within their lifetime. Nonetheless, participants
demonstrated favorable views regarding telemedicine, as the

Table 2. Participants' responses on the telemedicine knowledge items.

greater majority agreed that telemedicine reduces the number
of medical staff (755/1201, 62.9%), reduces transportation costs
and time (1127/1201, 93.8%), facilitates better health care for
older adults (948/1201, 78.9%), allowsyou to remotely conduct
follow-up hedlth care logistics (eg, acquiring a prescription
refill; 1018/1201, 84.8%), and enables remote and close
follow-up of patients’ illnesses (824/1201, 68.6%).

Knowledge items

Agree, n (%) Disagree, n (%)

Have you heard of telemedicine before?

Have you observed atelemedicine process previously?
Have you ever used telemedicine before?

Telemedicine reduces the number of needed medical staff.
Telemedicine reduces transportation costs and time.

Telemedicine facilitates care for older adult patients.

With telemedicine, you can remotely acquire a prescription, refill, or admission orders

With telemedicine, you can closely follow up with your ongoing/chronicillnessesremotely. 824 (68.6)

619 (51.5) 582 (48.5)
299 (24.9) 902 (75.1)
170 (14.2) 1031 (85.8)
755 (62.9) 446 (37.1)
1127 (93.8) 74(6.2)
948 (78.9) 253 (21.1)
1018 (84.8) 183 (15.2)
377 (31.4)

Attitudes Toward Telemedicine

With regards to participants attitudes, our cohort displayed
mostly favorable attitudes toward telemedicine. The majority
of participants believed that telemedicine is useful during a
pandemic (1001/1201, 83.3%), is able to decrease the number
of outpatient visits (1033/1201, 86.0%), can increase the speed
of performing health care services (893/1201, 74.4%), mitigates
health care costs (897/1201, 74.7%), and is able to provide
specialized health care to underserved areas (841/1201, 70.0%).
Overall, 67.8% (814/1201) of all participants were willing to
use telemedicine for diagnosis or follow up. Table 3 displays
participants’ attitudes and perceptions.

https://humanfactors.,jmir.org/2022/4/e41499

Onthe other hand, asignificant number of participantsbelieved
that telemedi cine cannot provide accurate diagnoses (810/1201,
67.4%) or comprehensive health care (757/1201, 63.0%).
Moreover, the greater majority of participants believed that
telemedicine is unable to reduce medical errors (889/1201,
74.0%). Most importantly, 43.5% (522/1201) of all participants
believed that telemedicine may pose athreat to their information
privacy. Interms of perceptions, most participants believed that
Jordan does not have the capacity to implement telemedicine
(626/1201, 60.4%); however, more than one-half (654/1201,
54.5%) of the cohort perceived telemedicine as the future of
health care.
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Table 3. Attitudes and perceptions of respondents toward telemedicine.
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Attitudes and perceptions Response categories, n (%) Score, mean (SD)
Strongly disagree  Disagree  Agree Strongly agree
Attitudes
I's telemedicine useful during a pandemic (eg, COVID-19)? 71 (5.9) 129 (10.7) 401 (33.4) 600 (50.0) 3.3(0.9)
Can telemedicine accurately facilitate the diagnosis of peo- 332 (27.6) 478(39.8) 278(23.1) 113(9.4) 2.1(0.9)
ple?
Does telemedicine improve the communication between 177 (14.7) 325(27.1) 420(35.0) 279(23.2) 2.7(0.9)
patient and physician?
Does telemedicine decrease visits to outpatient clinics? 69 (5.7) 99(8.2) 454 (37.8) 579 (48.2) 3.3(0.8)
Does telemedicine help increase the speed of performing 105 (8.7) 203(16.9) 492 (41.0) 401(33.9) 2.9(0.9)
medical care?
Does telemedicine reduce medical errors? 415 (34.6) 474 (39.5) 204 (17.0) 108(9.0) 2.0(0.9)
Istelemedicine ableto provide patientswith comprehensive 271 (22.5) 486 (40.5) 302(25.1) 142(11.8) 2.3(0.9)
health care?
Does telemedicine threaten information privacy? 270 (22.5) 409 (34.1) 331(27.6) 191(15.9) 2.4(1.0)
Doestelemedicine reduce the costs of providing healthcare? 87 (7.2) 217(18.1) 510(42.5) 387(32.2 2.9(0.9)
Areyou willing to use telemedicine for your medical diag- 189 (15.7) 198(16.5) 456 (38.0) 358 (29.8) 2.8(1.0)
nosis or follow-up?
Telemedicine will improve accessto specialized hedth care 153 (12.7) 207 (17.2) 455(37.9) 386(32.1) 2.9(0.9)
for people who live in rura and suburban areas.
Per ceptions
Do you believe that Jordan has the capacity to adopt and 338 (28.1) 288(32.3) 306(25.5) 169(14.1) 2.3(1.0)
implement telemedicine services?
Telemedicine can be integrated within the existing system. 177 (14.7) 319(26.6) 457(38.1) 248(20.6) 2.6(0.9)
Telemedicine is the future of clinical practice. 187 (15.6) 360(30.0) 427 (35.6) 227(18.9) 2.6(0.9)

Factor s Associated With Knowledge and Attitudes
Toward Telemedicine

Univariate analysis demonstrated that having higher educational
degrees (P<.001), living in urban districts (P=.002), and having
a higher perception of electronics usage ability (P<.001) were
associated with higher knowledge of telemedicine. Similarly,
having a higher educational level (P=.006), residing within the
capital (P<.001), having a fast internet connection (P=.004),
and having a higher perception of electronics usage ability
(P<.001) were associated with more positive attitudes toward
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telemedicine. Furthermore, female gender was associated with
more positive perceptions of theimplementation of telemedicine
within Jordan (P=.007). Table 4 delineates the associations
between attitudes, knowledge, perceptions, and different
sociodemographic variables.

On another note, it appearsthat being married (oddsratio [OR]
1.426, 95% CI 1.017 to 1.998; P=.04), having children (OR
1.498, 95% CI 1.074 to 2.089; P=.02), having comorbidities
(OR 1.770, 95% CI 1.244 to 2.517; P=.002), and taking
medications (OR 1.695, 95% CI 1.212 to 2.371; P=.003) were
associated with a higher likelihood of telemedicine usage.
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Table 4. Differencesin knowledge, attitude, and perception scores across different sociodemographic variables.

Knowledge score, Attitudes score, mean Perception score,
Variables mean (SD) Pvaue (SD) Pvaue  mean (SD) P value
Gender
Male 48 (15) .96 30.2 (6.6) 25 7.3(25) .007
Female 4.8 (1.5) 29.7 (5.9) 76(2.2)
Age (years)
18-30 4.8(1.5) 41 30.3(5.7) .05 7.5(2.3) .80
31-40 47(1.6) 29.7 (6.5) 7.4 (2.4)
41-50 4.9 (1.6) 29.8 (6.5) 7.4(2.4)
51-60 4.8(1.6) 30.0(7.1) 7.4 (2.6)
61-85 4.6 (1.5) 27.8(6.5) 7.2(2.5)
Educational level
Primary 4.4(1.4) <.001 29.0(6.6) .006 7.8(3.0) .39
High school 43(15) 28.9(7.5) 7.4(2.7)
University 4.8(1.5) 29.9 (5.8) 7.4 (2.3
Postgraduate (ie, masters) 52(1.4) 31.1(6.5) 7.7(2.3)
Area
Capital (Amman) 48 (15) 23 30.1(3.1) <.001 7.5(2.4) <.001
Central 4.7 (1.3) 29.7 (6.7) 7.4(2.3)
North 4.8(1.6) 30.6 (6.3) 7.7(2.2)
South 4.4(2.3) 27.1(7.4) 6.1(2.6)
Residence
Urban 4.8(1.5) .002 30.1(3.2) 14 7.5(2.3) .05
Rural 4.4(1.7) 29.2(7.1) 7.1(2.6)
Relationship status
Married 4.8(1.6) 74 29.7 (6.7) .09 7.5(2.3) 36
Single 48(1.5) 30.3(5.7) 7.4 (2.5)
Number of children
0 4.7 (1.5) .83 30.1(6.0) .64 7.6 (2.3) .38
1 48(1.7) 30.5(6.9) 7.4 (2.4)
2 4.8(1.6) 29.5(6.3) 7.2(21)
>3 4.8(1.6) 29.7 (6.6) 7.4 (2.5)
Type of internet connection
4G 47(15) 11 30.2(6.3) .004 7.5(2.3) 72
Fiber 4.9 (1.5) 30.4 (3.2) 7.5 (2.4)
Phone packets, others 4.7 (1.7) 28.9 (6.5) 7.4(2.5)
Perceived ability
High (8-10) 49(15) <.001 30.7 (6.0) <.001 7.6(2.3) 11
Low (0-7) 4.6 (1.6) 29.0 (6.5) 7.4(2.4)

Predictors of Positive Attitudes Toward Telemedicine

The multivariate linear regression analysis demonstrated that
the perceived ability of using electronics was associated with
positive attitudes (3=0.394, 95% CI 0.224 to 0.563), whileliving
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in Southern Jordan predicted poor attitudes toward telemedicine
(B=—2.896, 95% CIl —4.873 to —0.919). Table 5 provides the
results of the multivariate regression model. Type, and therefore
speed, of internet connection did not influence attitudes levels
toward telemedicine.
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Factors Linear regression model for attitudes

P value B B Lower and upper 95% Clsfor B
Age 74 -0.007 0.022 -0.051 to 0.036
Gender (female) .59 -0.199 0.369 -0.922t0 0.525
Number of children .83 0.026 0.122 -0.214 to 0.266
Ability to deal with computers and tablets <.001 0.394 0.086 0.224 t0 0.563
Presence of comorbidities .87 -0.110 0.671 —1.427 to 1.207
Taking regular medications .64 0.294 0.620 -0.922t0 1.510
Being Married .95 -0.034 0.612 —1.23410 1.165
High school education 49 -0.871 1.272 -3.367101.624
University education 57 —-0.699 1.243 —3.1371t01.740
Postgraduate education .88 0.188 1.304 —2.370t0 2.746
4G internet .08 0.859 0.495 -0.111t0 1.829
Fiber internet .07 0.897 0.491 —0.067 to 1.861
Living in Amman .08 -0.963 0.546 —2.035t0 0.109
Living in Central Jordan .09 -1.064 0.629 —2.298100.170
Living in Southern Jordan .004 —2.896 1.008 —4.873t0-0.919

Discussion

Principal Findings

In summary, we demonstrated that about one-half of our studied
population were aware of the existence of telemedicine, while
only a small minority declared having observed or ever used
the technology. Furthermore, more than one-half of the
population were willing to use telemedicine. Overall, attitudes
toward telemedicine were positive. However, participants
guestioned its capacity to reduce errors, make accurate
diagnoses, or provide comprehensive care. Moreover,
telemedicine was perceived asathrest to privacy and impractical
within Jordan’s current resource capacity. Attitudes and degree
of knowledge were typically higher in those with higher
education levels, who percelved themselves as competent
electronics users, and who lived in metropolitan regions.
Regression analysis showed that perceived competency with
electronics was a positive predictor of favorable attitudes, while
living inrural areas (Southern Jordan) was a negative predictor.
Also, ahigher likelihood of using tel emedicine was associated
with having children, being married, having previous
comorbidities, or taking medications.

To the best of our knowledge, this study is the first of its kind
in Jordan. We aimed to explore the levels of awareness,
knowledge, and concerns of the general public toward
telemedicine in an attempt to closely inspect the understanding
of its potential recipients and providers of the concept of the
technology and further evaluate the possibility of incorporating
it into the current health system. Within the regional literature,
studies conducted in Saudi Arabia and Egyptian populations
showcased similar resultsto those of our study [30,31]. Similar
results were also found among citizens of the United Arab
Emirates [17]. The aforementioned populations had positive
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perceptions of telemedicine, its benefits, and its applications
within the health care system. However, significant proportions
of both populations agreed, to an extent, that tel emedicine poses
a threat to patients' privacy and may increase medical errors.
Throughout the literature, especially studies conducted in
response to the pandemic, it appears that the utility of
telemedicineduring disasters, its ability to reduce transportation
time and costs, and its capacity to improve patient-doctor
communication are consistently appreciated [30]. On the other
hand, older Asian adults (ie, Chinese, Malaysian, and Indian
participants) reported negative perceptions toward the utility
and usefulness of telemedicine [34]. Nonetheless, despite the
general positive perception of telemedicine, the literature
describes that the most commonly reported individual hurdles
to successful implementation of telemedicine technology
worldwide were related to lack of awareness [35-37] and
technical literacy [38,39]. Tackling those factors early through
promotion of telemedicine services and enhancing electronic
usewould likely facilitate smooth integration of the technology
into the current system.

In terms of attitudes, our participants demonstrated positive
perceptions toward telemedicine. They believed that it has the
capacity to decrease transportation costs and the number of
medical staff required. They also believed that telemedicine can
smoothen health care logistics and facilitate better health care
for older adults. Mutual economic benefits for patients and
health care providers were evidently recognized in successful
telemedicine projectsin Jordan [21]. Furthermore, anintegrative
review [40] displayed evidence supporting the facilitation of
delivered care and improved health outcomes for older adults
through the media of telemedicine. Such avalueis particularly
essential inthe eraof COVID-19 aswell asamong ol der adults,
who possess a higher risk of infection and complications from
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the disease and could benefit from reducing hospital visits
whenever possible [41]. This is further relevant to Jordan’s
medical landscape, asit is characterized by patient congestion
and long waiting times at nearly every public medical ingtitution.
Thesefactors could increase therisk of infection for older adullts,
thus positively affecting the perceptions of the caretakers and
relatives of older adults toward the usefulness of telemedicine.

Moreover, Jordanian participants believed that telemedicine
helps in reducing outpatient visits, increasing the speed of
delivering health care services, and providing more
comprehensive careto underserved regions. Also, they perceive
it as a useful tool during a pandemic similar to that of
COVID-19. Similar statements were also observed from
residents of Saudi Arabia and Egypt [30,31]. In conjunction
with social distancing and work-from-home policies,
telemedicine represented a viable and sustainable option to
migrate health care from hospitals to homes, which promoted
reductions in outpatient clinic visits and further aided in the
endeavors to mitigate COV1D-19 transmission [6]. In addition,
resource-limited countries often experience ascarcity in health
careproviders, particularly specialists. Therefore, telemedicine
could also provide anovel approach to improve accessto more
specialized wellness programs for vast majorities of people as
well as revitalizing weakened public health services while
significantly reducing costs [42].

On the other hand, our study participants expressed amultitude
of concerns toward telemedicine. These concerns were mostly
pertaining to accuracy of diagnosis, medical errors, and
information privacy. Diagnostic accuracy through telemedicine
services has been thoroughly evaluated in the literature. Most
studiesreported high accuracy in speciatieswhere telemedicine
isviable, although variations across literature are till evident.
Most notably, those speciaties were dermatology [43] and
ophthalmology [44,45].

Although some studies associate the rapid expansion of
telemedicine technology in COVID-19 with an increased
incidence of medical errors[46], aroot cause analysis of medical
errorsdone by the Agency for Healthcare Research and Quality
Patient Safety Network [47] revealed that most incidents were
related to human factors such as communication failures
between health care personnel. Telemedicine, when
implemented properly and utilized by competent personnel,
could serve as atool to help mitigate those errors by providing
continuous surveillance to delivered care, especially in critical
settings such as that of the intensive care unit [48].

Maintaining privacy and information security wasachallenging
conundrum that was threatened and prominently highlighted
through the era of rapid expansion of telemedicine services
during COVID-19. Such challenges were manifested as a lack
of controls or limits on the collection, use, and disclosure of
sensitive personal information, repeated cyberattacks, and rapid
spread of ransomware and went as far as suspected death in
patients [49]. Such hazards should be dealt with by a
multidisciplinary approach including health care organizers,
policy makers, and information technology specialists and by
the implication of guidelines and rules that regulate the use of
telemedicine services similar to those of the Health Insurance
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Portability and Accountability Act regulating traditional
medicine. Efforts should be concentrated at training both the
health care provider and the patient about the necessary
precautions to prevent any breach of confidentiality and at
enforcing end-to-end data encryption of patients’ information
and recordsin order to mitigate those adverse effects and sustain
a culture of security [50].

In our study, higher rates of telemedicine use were significantly
higher among patients with comorbidities and those taking
chronic medications. Such results could be largely explained
by the fact that, in 2020, due to COVID-19 restrictions, the
Ministry of Health, along with the Royal Medical Servicesand
university hospitals, offered primarily medication refill services
through telemedicine programs [51]. This largely promoted
ease of accessibility and was a good substitute to in-person
appointments.

Among the studied cohort, participants who were married and
had children had ahigher likelihood of telemedicine usage. The
particular use of telemedicine services within the context of a
marriage appears to be a solution for amyriad of obstacles that
otherwise would prevent couples from seeking therapy such as
childcare, scheduling difficulties, and stigma. Providing couples
treatment via telemedicine services was reported to address
these obstacles and improve accessibility to health care services
[52,53]. Additionally, the use of telemedicine services to
perform regular prenatal counseling was associated with high
rates of feasibility and satisfaction [54]; such factors could
encourage multi parous women who might be morelenient when
it comes to prenatal visits to have a positive perspective
regarding telemedicine within this context, to save time and
effort.

More than one-half of the studied population believed that
Jordan cannot successfully integrate telemedicine into the
current health care system. Thismay be dueto resource scarcity,
as it remains a major hindrance for the implementation of
telemedicine in Jordan. Considering its position as a country
with limited resources and a high poverty rate of 24.1% [55],
theimplementation of telemedicinein anideal manner in which
high satisfaction and wide coverage of various medical
specialties for the maority of the population are achieved
remains a struggle that necessitates urgent policy changes,
making the development of the health care sector as awhole of
upmost priority in the country in order to facilitate the path for
optimal effectuation of telemedicine.

Another reason for such negative perceptions of telemedicine
is the misleading status of the technological infrastructure in
Jordan. Although around 67% of the Jordanian population utilize
theinternet [56], internet quality and speed might be the greatest
hindranceto proper implementation of telemedicine, particularly
in remote areas. The cheapest home internet subscription in
Jordan costs around US $50, and, considering that the average
minimum wage is around US $370, people from a lower
socioeconomic status will be discouraged from having the
necessary resourcesto benefit from telemedicine [57]. It should
be noted that only 33% of Jordanians owned a personal
computer or laptop as of 2017 [58]. Interestingly, our prediction
model did not correlate the type of internet with attitudestoward
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telemedicine. This may be a result of the survey distribution
process, as it was primarily online, thus targeting participants
with better internet connections.

Limitations

Our results should be considered with caution due to the
following limitations: the cross-sectional study design and its
implications, close-ended nature of the questionnaire that may
miss certain participants responses, and sampling technique
that may have missed certain groups of the Jordanian populace
(eg, older adults and technologically illiterate individuals).

Murshidi et &l

Conclusions

Inlight of thesefindings, Jordanians have favorable and positive
perceptions of telemedicinethat are similar to other populations
within the same region. Nonetheless, concerns with regards to
privacy, medical errors, and capacity for making accurate
diagnoses are prevalent. Despite the generaly positive
perceptions toward and willingness to use telemedicine,
Jordanians believed that telemedicine cannot be easily integrated
within the current system nor do they have resources to adopt
it.
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Abstract

Background: QR codes have played an integral role during the pandemic in many sectors, but their use has been limited in the
health care sector, especially by patients. Although some authors have stated that devel oping specific content for women on how
to cope with health problems could be an effective way to prevent problems, especially during pandemics, there islittle research
regarding the use of QR codes to promote health during a pandemic, and even fewer studies are focused on women. Moreover,
although the importance of assessing these interventions from the users' perspective has been stated, research carried out from
this point of view is still scarce.

Objective: This study aimed to assess the usefulness of using QR codes with information to promote women's health in the
context of a pandemic. We also sought to design and validate a questionnaire to assess this.

Methods: A cross-sectiona study was conducted among women in the gynecology waiting rooms of a reference hospital.
Exploratory factorial analysis with the split-half method and Cronbach o values was performed for questionnaire validation.
Univariant and bivariant analyses were performed to analyze the data obtained.

Results: Intotal, 186 women took part in the study. Exploratory factor analysisidentified 2 domains: usability and applicability
in medical practice. The Cronbach a value was .81. Overall, 83.7% of the answersto the first domain and 56.4% of those to the
second were favorable. Women with university education or those who had used QR codes before scored better in the usability
domain, while no differences were observed in the applicability scores.

Conclusions: Using QR codes in the gynecology clinics’ waiting rooms can help promote women’s health during a pandemic,
regardless of their education level or whether they have used QR codes before. The questionnaire developed herein is a helpful
tool to assessthis. These findings are important for clinical practice. This research can be performed in other ambits, specialties,
or countries.

(JMIR Hum Factors 2022;9(4):e41143) doi:10.2196/41143

KEYWORDS

eHealth; QR code; women; health promotion; public health; healthcare sector; women's health; gynecology; gynecologist;
gynecological; obstetrician; obstetric; healthcare; health care; pandemic; questionnaire; validation; validate; devel opment; cross
sectional; factorial analysis
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Introduction

COVID-19, aninfectious disease caused by SARS-CoV-2, was
declared a global pandemic on March 11, 2020 [1]. This
pandemic has been a turning point for health promotion [2].
Health promotion aimsto enable people to increase control over
their health. Health promotion may be more crucial than ever
during a pandemic and can contribute to addressing the threat
at different levels [2]. However, many measures to prevent
citizens and health care personnel from becoming infected have
involved a change in behavior [2]. Socia interactions have
decreased, reducing the number of medical consultations [3].

During the COVID-19 pandemic, there has been a growing
interest in using technology in delivering health care services
to users as an infection control measure owing to the removal
of brochures and other health information in waiting rooms.
QR codes are accessible tools that can be created effortlessly
and freely by health care professionals. They can be later
scanned through several smartphone apps or even using the
camera app in many smartphones such as the newer iPhones
[4]. QR codes are not a new concept [1]. QR codes allow the
development of simple, cost-effective, and functional systems
based on the optical recognition of inexpensive barcodes
attached to physical objects. Combined with website platforms,
these systems can provide helpful services that are already
broadly used in many other contexts[5]. As other authors have
described, using these codes is easy and straightforward [6,7].

This technology, integrated with face-to-face communication,
may improve shared decision-making [7], as QR codesarevery
convenient for the average user, and their launching among
professionals and final usersisrelatively straightforward [5].

QR codes have played an integral role during the pandemic in
many sectors, but their use has been limited in the health care
sector, especialy by patients[1]. A possible explanation isthat
although health care QR code systems are promising, they are
not without problems[8], especially those concerning security
when using QR codes to transmit personal information [9].
Although some authors have stated that developing specific
content for women on how to cope with health problems could
be an effective way to prevent problems, especially during
pandemics[10], thereislittle research regarding the use of QR
codes to promote health during a pandemic, and even fewer
studies focused on women. Moreover, although the importance
of assessing theseinterventions from the users’ perspective has
been stated [11,12], research carried out from this point of view
isstill scarce[13,14)].

Thus, we wanted to assess a new tool in a distinct population,
which had not been considered beforein aspecific environment.
Therefore, the main aim of this research was to assess the
usefulness of QR codes with information to promote women's
health in the context of a pandemic. The specific objectives of
this study are to design a questionnaire with the least number
of items possible to evaluate the usefulness of QR codes with
information to promote health, to validate the questionnaire
through construct validation and reliability tests, and to apply
the validated questionnaire to eval uate the usefulness of the use
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of QR codes with information to promote health in women
attending gynecology and obstetrics consultations.

Methods

Study Design

A cross-sectional observational study was conducted withinthe
context of the COVID-19 pandemic to evaluate the usefulness
of QR codeswith information to promote women’s health during
the pandemic. The QR codes were available in the gynecology
and obstetrics outpatient clinics waiting rooms at the
Torrecardenas University Hospital. This hospital isthereference
for the province of Almeria, Spain, located in the southeast of
Spain, with a population size of 731,792 inhabitants as of
January 1, 2022, according to the Spanish National Statistics
Ingtitute [15].

The questionnaire was developed from scratch on the basis of
data obtained from a review of the literature and the authors
experience. The questionnaire collected 5 demographic aspects
(age, educational level, thereason for consultation, whether QR
codes had been used previously, and the topi ¢ consulted through
the available QR codes). It also collected 8 qualitative items
that assessed the experience of using QR codes and the
perceived usefulnessin providing health information for women.
Likert scales were used, with answers that ranged from
“nothing” to “alot.”

Sample Size Estimation

The sample size was estimated using the Epi Info app (Centers
for Disease Control and Prevention, Atlanta, Georgia, United
States) with the following parameters: population size 358,656
(female population in the province of Almeria, as of January 1,
2022) [15]; 80% ClI, and a level of precision of 5%. These
parameters reveal ed arequired sample size of 164 participants.
The authors determined to collect at least 180 answers to
diminish potential auto-selection bias—this value was in
accordance with the guideline specified by Kline et al [16] of
using 2-20 subjectsfor each questionnaire item for the factorial
analysis.

Eligible Population and Recruitment

Thee€ligible population comprised women aged 18 or older who
attended gynecology and obstetrics outpatient clinics and were
offered to participate. The inclusion criteria were as follows:
being women, 18 or ol der, speaking and understanding Spanish,
and being recruited in the waiting room of gynecology and
obstetrics clinics. The exclusion criteria were as follows: not
meeting any of the referred inclusion criteria and not wishing
to participate in the study, despite meeting the criteria.

Questionnaire Validation

The adequacy of the exploratory factor analysiswas determined
using the Bartlett test and the Kai ser-Meyer-Olkin measure. To
evaluate construct validity, the 8 qualitative items of the
guestionnaire were assessed through exploratory factor analysis.
Thetool’sreliability was measured using Cronbach a [17]. The
split-half method was used to assess stability because the
guestionnaire could not be retested with the same users[18].
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Statistical Analyses

Statistical analyses were conducted using SPSS (version 28;
IBM Corp). Univariant and bivariant analyses were performed.
The scoring of each domain was the sum of the scores provided
by the participants when answering the questions. These scores
could range from 1 to 4 pointsin each question. Thus, the score
range for the first domain was 4-16 and that for second domain
was 2-8. The scores of each domain were used to perform
bivariate analyses regarding different aspects of the participants.
Informed consent was shown at the beginning of the
guestionnaire. Personal data were not collected.

Ethics Approval

Thisstudy was approved by the Research and Ethics Committee
of Nursing, Physiotherapy, and Medicine Department of the
University of Almeria, Spain, (EFM 200/2020). The
guestionnaire did not collect personal information.

Table 1. Sociodemographic characteristics of the participants (N=186).

Fischer-Suarez et al

Results

Sociodemogr aphic Results

In total, 186 women took part in the research, with completed
guestionnaires with valid responses. Their mean age was 34.3
(SD 7.5) years. In total, 124 (67.7%) participants had
nonuniversity studies (Table 1), and 171 (91.9%) were waiting
for consultations regarding pregnancy, assisted reproduction,
general gynecology, and emergencies. Intotal, 136 (73.1%) had
used QR codes before.

Among the QR codes available in the waiting room, the most
consulted ones were pregnancy physical activity, contraceptive
methods, and pregnancy nutrition, for 149 (80.1%) women
(Table 2). The least consulted topic was gender violence,
consulted by 4 (2.1%) women.

Characteristics Values
Age (years), mean (SD) 34.3(7.5)
Education level, n (%)
Primary 13(7.0)
Secondary 58 (31.2)
Other 35(18.8)
Baccalaureate 18(9.7)
University 62 (33.3)
Medical consultation, n (%)
Pregnancy 67 (36.0)
Assisted reproduction 43(23.1)
General gynecology 39 (21.0)
Emergencies 22 (11.8)
Other 7(3.9)
Lower genital tract 3(1.6)
Breast 2(L1)
Oncology 2(1.1)
Pelvic floor 1(0.5)
Had used QR codes before, n (%)
Yes 136 (73.1)
No 50 (26.9)
Total 186 (100.0)
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Table 2. Topic consulted using available QR codes.

Topic Participants, n (%)
Pregnancy physical activity 74 (39.8)
Contraceptive methods 45 (24.2)
Pregnancy nutrition 30(16.1)
Breastfeeding 12 (6.5)
Emergency contraception 13(7.0)

Vital wills 8(4.3)

Gender violence 4(2.1)

Total 186 (100.0)

o . . These domains were interpreted by analyzing the items within

Validation of the Questionnaire each domain (Textbox 1). Thus, the first domain defined
The Kaiser-Meyer-Olkin measure of sampling adequacy was  usability and the second one defined applicability in medical
0.779, and the Bartlett test for sphericity was 368.6 (P<.001). practice.
These results indicate the model’s suitability for exploratory
factor analysis, which excluded 2 of the 8 items from the
guestionnaire, identifying 2 domains that explained 68.6% of
thevariance (Table 3). Thefirst domain was defined by 4 items;
the second one, by 2 items (Table 4).

The Cronbach a of the questionnaire was .81. The Cronbach a
value for the first domain was .77, while that of the second
domain was .80. The split-half method did not reveal significant
differencesin the domains or the global evaluation (Table 5).

Table 3. Total explained variance determined through principal component analysis.

Component Total Percentage of variance, % Accumulated percentage, %
1 3.099 51.7 51.7

2 1.018 16.9 68.6

3 0.682 114 _a

4 0.474 7.9 —

5 0.412 6.9 —

6 0.315 52 —

8ot available.

Table 4. Rotated component matrix. Extraction method: principal component analysis; rotation method: varimax with Kaiser normalization.

Item Component
1 2
Qa1 0.688 _a
Q3 0.778 —
Q6 — 0.876
Q7 — 0.881
Q8 0.575 —
Q2 0.862 —
ot available.
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Textbox 1. Domains detected.

Domain 1 : usability

QL. Do you think that the information received through this initiative can help you in your daily life?
Q3. Did you find the information provided easy to understand?

Q8. Do you think thisinitiative could be helpful in other medical specialties?

Q2. Did you find it convenient to use QR codes to access information?

Domain 2 : applicability in medical practice

Q6. Has the information allowed you to clarify doubts before entering the medical consultation?

Q7. Has the information hel ped you to enter the medical consultation more informed?

Table5. Split-half method.

Domain Participants, n Score, mean (SD) P value®
Patients’ usability 19
First half 93 10.7 (2.7)
Second half 93 10.8 (2.3)
Applicability in medical practice .90
First half 93 5.4(2.3)
Second half 93 5.0(2.2)
Total a7
First half 93 16.1 (4.4)
Second half 93 15.8 (4.0)

M ann-Whitney test.

— . that defined the first domain (usability) and 56.4% of the
Univariant Analysis answersto the questions of the second domain (applicability in
Regarding the evaluation of the domains defined by the medical practice) werefavorable (responses being “ something,”
questionnaire (Table 6), 83.7% of the answers to the questions  “quite” and “alot”).
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Table 6. Answers of the participants (N=186).

Questions Participants, n (%)

Domain 1: usability

Q1.

Q3.

Q8.

Q2.

Do you think the information received can help you in your daily life?

Nothing 11 (5.9
A bit 20(10.8)
Something 67 (36.0)
Quite 68 (36.6)
Alot 20 (10.8)
Did you find the infor mation provided easy to under stand?

Nothing 12 (6.5)
A bit 13(7.0)
Something 39 (21.0)
Quite 82 (44.1)
Alot 40 (21.5)
Do you think thisinitiative could be helpful in other medical specialties?

Nothing 9(4.8)

A bit 16 (8.6)
Something 41 (22.0)
Quite 70 (37.6)
Alot 50 (26.9)
Did you find it convenient to use QR codes to accessinformation?

Nothing 18(9.7)
A bit 17 (9.2)
Something 48 (25.8)
Quite 70 (37.6)
Alot 33(17.7)

Domain 2: applicability in medical practice

Q6.

Q7.

Hastheinformation allowed you to clarify doubts before entering the consultation?

Nothing 49 (26.3)
A bit 35(18.8)
Something 67 (36.0)
Quite 21(11.3)
Alot 14 (7.5)
Hastheinformation helped you to enter the medical consultation moreinformed?

Nothing 50 (26.9)
A bit 28 (15.1)
Something 63(33.9)
Quite 32(17.2)
A lot 13(7.0)

Bivariant Analysis

inthefirst domain (P=.13, Spearman p) or in the second domain
(P=.25, Spearman p). Regarding education level (Figure 1),

When analyzing the score of the domains for different aspects,  statistically significant differences were found in the scores of
no differences were found regarding the age of the participants  thefirst domain, where the participantswith university education
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scored higher than those with primary school education (P=.01,
Kruskal-Wallis test for independent samples). No differences
were found with regard to education level when analyzing the
second domain (P=.10, Kruskal-Wallis test for independent
samples).

When analyzing the score of both domainsregarding the medical
consultations of the patients (Figure 2), no differences were
found (first domain, P=.55; second domain, P=.44;
Kruskal-Wallis test for independent samples).

When analyzing the score of both domains regarding if the
participants had used QR codes before (Figure 3), those who
had used QR codes before scored higher in the first domain

Figure1l. Domains scores regarding the education level of participants.
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(P=.003, Mann-Whitney U test). However, no differenceswere
found in the scores of the second domain regarding previous
use of QR codes (P=.13, Mann-Whitney U test).

When analyzing the score of the domains regarding the topic
consulted using the available QR codes (Figure 4), higher scores
of thefirst domain were achieved by women who consulted the
Breastfeeding, Pregnancy Nutrition, and Emergency
Contraception topics (P<.001, Kruskal-Wallis test for
independent samples). In the second domain, higher scoreswere
achieved by women who consulted the Breastfeeding and
Pregnancy Nutrition topics (P<.001, Kruskal-Wallis test for
independent samples).
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Figure 3. Domains scores regarding participants' previous use of QR codes.
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Discussion

Principal Findings

Sociodemographic Findings

According to some studies [19-21], women who use eHealth
resources often have higher education levels. However, in our
study, most of the participants had nonuniversity education.
This finding is logical as the recruitment process was carried
out in the waiting room during hospita gynecology
consultations, where the eligible population is more
representative of the women of the general population than of
women who often use eHesalth resources. We believe that this
aspect adds value to the research, given that the participant
women were more representative of the general population,
contrary to many eHealth-focused studies[21]. In these studies,
women tend to participate to a greater extent as they are more
prone to using eHealth, committing auto-selection bias, and
having more education.

Validation of the Questionnaire

Theexploratory factor analysisexcluded 2 itemsfromtheinitial
guestionnaire, depicting 2 domains assessed on the basis of the
items that defined them, as reported previoudly [22]. Although
the Q8 item factor loading value was 0.575, which may seem
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low, this value was clearly greater than those for the discarded
items, it was very close to 0.6, and it alowed us to obtain a
higher Cronbach a for the questionnaire. The Cronbach a
coefficient is the most used method to evaluate the interna
consistency of the questionnaire [22], and the value obtained
by the final questionnaire can be considered good or even
excellent, according to previous studies [22,23]. The split-half
method, applied in the same period or when other methods
including test-retest cannot be used [ 24], confirmed the stability
of the questionnaire.

Univariant Analysis

Some studies have stated that, regarding the provision of health
care services to users, QR codes are accessible, free, easy to
use, and can be scanned through several free smartphone apps
[4]. However, few studies have assessed the usability and
applicability of these QR codes among patients in medical
consultations. Even fewer studies have evaluated these aspects
specifically in women and in the context of a pandemic.

Regarding usability from the perspective of the women in this
study, similar research in other eHealth ambitsand general users
has stated that simple designs and previous testing of the
interventions with the patients can help ensure an overall good
perception of usability [25-27]. The items that defined this
domainin our resultant questionnaire regarded aspectsthat have
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been previously described separately by other authors, such as
the easiness of understanding, convenience of using QR codes
to accesstheinformation [28], and hel pfulnessin daily life [29]
or in other medical specialties [1]. Therefore, we can consider
that these items can help define the usability of the QR codes
and the health information provided through them from the
perspective of genera women. Most participants provided
positive responses to the items that defined this domain; hence,
we can conclude that their perception of the usability of the QR
codes for health promotion was good or very good.

Regarding applicability in medical practice, other authors have
stated that QR codes can help avoid unnecessary medical
consultations [30] and allow patients to access health
information or their medical records[31]. In our study, theitems
that defined thisdomain regarded clarifying doubts and offering
information related to medical consultation—aspectsthat have
been stated in other studies [28]. Thus, these aspects can help
assess the QR codes' applicability in medical consultations.
More than half of the participants responded positively to the
itemsthat defined this domain. Considering the diversity of our
sample, less used to eHealth interventions than the onesreferred
to in other studies [12,32,33], where the use of convenience
samples is common [33], we can conclude that the perception
of the women regarding the applicability of the QR codes in
the medical consultation was also good.

Bivariant Analysis

Similar to previous studies [12,34], we found that the age of
the participants did not influence the score of thedomains. This
finding is essential, asit is usually described that young adults
are more prone to using QR codes, especially in health aspects
[35]. Another interesting finding isthat the first domain received
better scores from the women with university studies when
compared to those with nonuniversity studies. As reported
previously [1], it is understandable that women with university
students found it easier to use QR codes and reading the
information offered.

Moreover, no differences were found in the second domain,
which defined the applicability regarding education level. This
finding implies that every user, regardless of their education
level, could benefit from using QR codes for health promotion.
It is aso important that when analyzing the evaluations of
women regarding the medical consultations they attended, no
differences were found in any of the domains. Another logical
finding is that the women who had used QR codes assigned
better scores to the first domain: usability. However, no
differences were found in the second
domain—applicability—regarding this same aspect. Again, this
isan essential finding because every woman could benefit from
using QR codesfor health promotion regardless of whether they
had used them before.

In summary, the usability of QR codesto promote health aspects
among women during apandemic is better perceived by women
with university education and those who have used QR codes

Fischer-Suarez et al

before. However, more importantly, the applicability of the
information offered through the QR codes is independent of
their age, education level, the medical consultation attended, or
whether they had previously used QR codes. In other words,
their applicability can be considered similar for every woman.

Limitationsand Strengths

This research has some limitations. The most important is the
selection bias due to various factors. Our sample was obtained
from the waiting room of the gynecology clinic of areference
hospital, but it may not be representative of other regions or
countries. Women who did not speak or read in Spanish or were
younger than 18 years were excluded. We must also consider
that the questionnaire and the study were in Spanish. Thus, the
final validated questionnaire could be applied in other hospitals
or translated and culturally adapted to other languages or
countries for future research. Although the sample size in our
study was larger than that in another similar study [36], larger
samplesizes could a so help increase the Cl. These aspects must
be considered when assessing the external validity of our
conclusions. Finally, the potential security issuesof familiarizing
people to scan random signs in the waiting rooms of medical
practices should be considered. For instance, malicious
individuas could quite easily place signsin public places. While
this is beyond the scope of this study, it is an important
consideration that needs to be considered when the use of QR
codes.

This study also has some strengths. The most important oneis
that the questionnaire yielded favorabl e resultsin the exploratory
factor analysis and the value of Cronbach a. These aspects
provide validity to the final questionnaire and the results
obtained. Another important strength is that the study has been
performed with actual patients from the waiting rooms of
gynecology clinics. Considering the demographi ¢ characteristics
of the sample, it seems to be more representative of actual
women who can benefit from using QR codes to improve their
healthin real life. Thus, our findings can be helpful for current
clinical practice and future research.

Conclusions

The questionnaire developed here has been demonstrated to be
a helpful tool to measure the perception of the usability of QR
codes and the applicability of the information offered even
before entering the medical consultations. Thus, considering
the answers provided by the participants, we can conclude that
using QR codes in the consultations’ waiting rooms can help
promote women's health during a pandemic, regardless of their
age, education level, or whether they have previously used QR
codes. Theselast findings are essential because the applicability
can be similar for every woman. These findings are crucial for
current clinical practice. Finally, this research can be adapted
to be performed in other ambits, specialties, or even different
countries, and compare the results obtained, so the focus of this
method can be widened and extended.
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Abstract

Background: Gestational diabetes (GDM) has considerable and increasing health effects as it raises both the mother’s and the
offspring’srisk for short- and long-term health problems. GDM can usually betreated with ahealthier lifestyle, such asappropriate
dietary modifications and sufficient physical activity. Although telemedicine interventions providing weekly or more frequent
feedback from health care professional s have shown the potential to improve glycemic control among women with GDM, apps
without extensive input from health care professionals are limited and have not been shown to be effective. Different featuresin
personalization and support have been proposed to increase the efficacy of GDM apps, but the knowledge of how these features
should be designed is lacking.

Objective: Theaim of this study isto investigate how GDM apps should be designed, considering the desirable features based
on the previous literature.

Methods: We designed an interactive GDM prototype app that provided example implementations of desirable features, such
asproviding automatic and personalized suggestions and social support through the app. Women with GDM explored the prototype
and provided feedback in semistructured interviews.

Results: Weidentified that (1) self-tracking datain GDM apps should be extended with written feedback, (2) habits and goals
should be highly customizable to be useful, (3) the app should have different functions to provide socia support, and (4) health
care professionals should be notified through the app if something unusual occurs. In addition, we found 2 additional themes.
First, basic functionalitiesthat arefast to learn by women with GDM who have recently received the diagnosis should be provided,
but there should al so be deeper featuresto maintain interest for women with GDM at alater stage of pregnancy. Second, aswomen
with GDM may have feelings of guilt, the app should have a tolerance for and a supporting approach to unfavorable behavior.

Conclusions: The feedback on the GDM prototype app supported the need for desirable features and provided new insights
into how these features should be incorporated into GDM apps. We expect that following the proposed designs and feedback will
increase the efficacy of GDM self-management apps.

Trial Registration: ClinicalTrials.gov NCT03941652; https.//clinicaltrials.gov/ct2/show/NCT03941652

(IMIR Hum Factors 2022;9(4):€36987) doi:10.2196/36987
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Introduction

Approximately 14% of pregnant women are diagnosed with
gestational diabetes mellitus (GDM) worldwide, with the highest
prevalence in the Middle East and North Africa (27.6%) and in
Southeast Asia (20.8%) and the lowest in Europe (7.8%) and
North America and the Caribbean (7.1%) [1]. These recent
prevalence findings are consistent with the high prevalence of
overall diabetesin these regions, and it has been suggested that
the same lifestyle risk factors that underly the overall diabetes,
such as obesity and metabolic syndrome, also contribute to an
increased risk of GDM. GDM is associated with a range of
adverse short- and long-term consequences for both mother and
child [2-4]. Although GDM is atemporary condition that lasts
until the birth of the child, GDM increasesthe later risk of type
2 diabetes [5]. The primary treatment for GDM is through
adjustments toward a heathier lifestyle, especialy changing
one'sdiet and increasing exercise[6,7]. Itiscritical that women
with GDM be supported in this behavior change [8]. Although
alarge body of previous studies on supporting type 1 diabetes
and type 2 diabetes self-management with apps exists (eg, [9]),
these studies do not consider the design implicationsfor diabetes
self-management arising from temporality and pregnancy.

Telehealth interventions that provide frequent feedback from
health care personnel on lifestyle and glucose level s have been
shown to be effective in improving glycemic control among
women with GDM [10]. However, providing this feedback to
each woman with GDM by health care professionals daily
requires alot of human work and is costly. GDM management
apps with less input from health care professionals are limited
and have not been shown to be effective[11-13]. The knowledge
on user experience with GDM apps is aso limited, although
recent studies have provided relevant findings [14-18].
According to auser study by Skar et al [17], the most important
features of the GDM app researched were the overview of blood
glucose levels, real-time feedback from fingertip measurements,
and information about nutrition. However, their app did not
provide any automatic feedback or social support, which Kyto
et a [14] argued was among the desirable features of maobile
apps for GDM self-management. Other important features of
GDM self-management apps are related to competence to
manage GDM, personalization, reliable information, support
for dual processing (ie, habitual and sense-making reasoning),
and integration to existing health care services[14].

Although the previous studies on desirable features [14] have
considered what the GDM apps for behavior change should

https://humanfactors.jmir.org/2022/4/€36987

cover, how to design these features has remained largely open
and feedback from women with GDM has not been considered.
Therefore, the aim of this study is to gather the experience of
women with GDM with implementations of the desirable
featuresin a GDM app prototype.

Methods

Resear ch Design

To investigate how the desirable features of GDM apps [14]
should be incorporated, our research design consisted of 2
phases: First, we designed a GDM prototype app consisting of
implementations of the features[14], and second, we eval uated
the experiences of these featureswith semistructured interviews.
The prototype was targeted toward women with GDM who
manage their diabetes with lifestyle adjustments and do not
require medication (eg, metformin or insulin). As we designed
a prototype whose purpose was to gather experiences from a
large scale of features, it wasahorizontal, experience prototype
[19]. Our focuswas on the content of the different features, and
their functionalities were not implemented in detail (ie, all the
buttons and actions did not function).

The purpose of theinterviewswasto investigate how thewomen
with GDM perceived the example implementations of the
desirablefeatures and how they perceived the app for supporting
the management of GDM in general. Participants (n=10 women
with GDM) were recruited from maternity and antenatal clinics
in the Helsinki Metropolitan Area (Finland).

Ethical Approval

The study was performed in compliance with the Declaration
of Helsinki and approved by the Ethics Committee of the
Helsinki University Hospital (HUS-2165-2018-3).

GDM Prototype App

Design Rationale for the Prototype

The design of the prototype was based on previous work by
Kytd et a [14], which provided initial suggestions on how
desirable features could be designed (summarized in Table 1).
We had amultidisciplinary research group consisting of health
care personnel who are experienced in treating women with
GDM (agynecol ogist, midwives, and diabetes nurses), asocial
psychologist, a user researcher, and an interaction designer to
brai nstorm the impl ementations of these featuresin workshops.
Thefinal layout of the prototype was designed by an interaction
designer.
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Table 1. Desirable features of mobile apps supporting behavior change in management of GDM?, as described by Kyto et al [14].

Feature

Detail

1. Increase competence to manage GDM with
automatic feedback and interactive exploration.

2. Increase autonomy by enabling personaliza-
tion.

3. Provide social support, especialy from the
partner.

4. Support normal pregnancy and debunk
myths about GDM.

5. Support dual processing as pregnancy islife
changing.

6. Integrate the app with normal pregnancy and
existing health care services.

Thisfeature highlights the need for feedback on lifestyle and data exploration in the learning process
to manage GDM. In apps, women with GDM have so far received feedback from health care profes-
sionals [10], and the perception and effectiveness of automated feedback are largely unknown [14].

Lentferink et al [20] showed that praise and suggestions are especially useful behavior change tech-
niques in mobile apps supporting a healthier lifestyle.

The ways to manage GDM are highly individual and significantly vary from person to person [8].
Personalization has a great impact on the perceived effectiveness of telehealth care in women with
GDM. However, it has so far been limited to personalization of the app but not to treatment suggestions
[14].

Encouragement by peoplewith close relationshipsisimportant for women with GDM [8,21-24]. The
partner’ssupport is seen as especially valuablein effecting abehavioral changein women with GDM,
such asincreasing exercise[25], but it has not been considered in existing GDM apps|[14]. To support
the partner’s willingness to use a GDM app, Peyton et a [26] suggested that pregnancy apps should
not be too feminine.

Women with GDM want reliableinformation about their disease[21,27], and thisinformation should
be in the same app as information about pregnancy [17].

Both reflective and habitual processes should be supported in GDM apps. Especially, habits can be
considered important with women diagnosed with GDM, as they are generally well motivated to
manage GDM but overwhelmed intheir daily life[8]. Motivation for maintaining ahealthier lifestyle
typically decreases after the birth of the baby [17]. Habits could help maintain a healthier lifestyle
after the pregnancy also and thus decrease the probability of type 2 diabetes. Between reflective and
habitual processes exists contextual fluid reasoning, which is used in creating simple rules between
blood glucose levels and lifestyle [28].

In telehealth solutions for GDM management, tight integration between health professionals and
women with GDM has been shown to beimportant [10]. This playsasignificant rolein the perceived
usefulness of the GDM apps [29,30].

8GDM: gestational diabetes mellitus.

The Evaluated GDM Prototype App

The desirable features [14] were implemented in the prototype
app (see Table 2, Figure 1, and Figure 2). The prototype was
interactivein nature and ran on amobile phone’'s browser. Users

The prototype was implemented using inVision [31], which
creates browser-based prototypes. A browser isnot the platform
for the future actual app, astherewill be nativeiOS and Android
versions. In this study, participants were given an iPhone 6,
which used the Safari browser to run the prototype.

could tap buttons on the screen to navigate pages and scroll.
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Table 2. Implementations of desirable features[14] in the prototype app.

Feature

Implementation

1. Increase competenceto manage GDM2with
automatic feedback and interactive exploration.

2. Increase autonomy by enabling personaliza-

tion.

3. Provide social support, especialy from the

partner.

4. Support normal pregnancy and debunk

myths about GDM.

5. Support dual processing as pregnancy islife

changing.

6. Integrate the app with normal pregnancy and

existing health care services.

We investigated thisfirst desirable feature in the form of providing interactive self-tracking data ex-
ploration (Figure 1b) and feedback in the form of praise and suggestion (Figure 2a).

We sought to customize the app by providing 2 functionalities, (1) a habit tool (see Figure 1c) and
(2) the ability to add a profile picture, name, and expected date of birth into the app.

Weincorporated featuresto provide social support from both the partner and other women with GDM.
For the partner, we designed a view where they could receive suggestions from the app (Figure 2a)
and a" Shared habits’ functionality that provided the possibility for the partnersto do things together
(Figure 2b). The content would be provided to the partner through a dedicated partner’s version of
the GDM app. For women with GDM, we designed acommunity challenge where they could support
each other to achieve a common goal (Figure 2c).

The app provided adraft information section about pregnancy (eg, development of the fetus, asshown
in Figure 1d), GDM, nutrition, and physical activity.

We supported dual processing by implementing 2 different types of visualizations, an area graph to
support reflective thinking (Figure 1b) and the latest values to support habitual thinking (Figure 1a).
We also created ahabit formation and tracking tool to support more autonomous behavior. Thereflec-
tive visualization was incorporated by visualizing blood glucose levels, nutrition, and physical activ-
ity in asingle area graph (Figure 1b). To increase the ecological validity of interpreting data, we vi-
sualized actual datarecorded from 1 GDM woman before the study. The glucose data (mmol/L) were
recorded using Medtronic’s continuous glucose meter Enlite [32], nutrition data (macros in grams)
were acquired from afood diary (kept for 3 days) and validated by dietitians, and physical activity
data (steps) were recorded with a Garmin Vivosmart 3 activity bracelet.

The habitual visualization was provided by showing the most recent values on the first page of the
app. A small arrow (Figure 1a) indicating the trend in recent blood glucose levels was added. In ad-
dition, to follow customized habits, we designed a view where participants could track their habits
(Figure 1c) against goals they had set up.

The app showed the gestational weeks on the entry page (Figure 1a), pregnancy information (Figure
1d), and recommendations by a health care professional (Figure 2a) related to this desirable feature.

8GDM: gestational diabetes mellitus.

Figure 1. (a) Main page showing pregnancy weeks and recent self-tracking data, (b) data visualization view (bringing self-tracking datainto 1 view),

(c) habit formation and tracking tool, and (d) general information about pregnancy, the fetus, and GDM. GDM: gestational diabetes mellitus.
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Figure 2. (a) Written reinforcement and feedback, (b) a suggestion for the partner, and (c) shared habits and a community challenge view.
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Recruitment and Data Collection

Our goal wasto recruit 10 women with GDM to the study from
maternity and antenatal clinics in the Helsinki Metropolitan
Area (Finland). The clinic nurse asked women with GDM at
least at 24 gestational weeks about their interest in participation.
If interested, the study nurse contacted the mother with more
information about the study and confirmed eligibility. Exclusion
criteriawere type 1 or type 2 diabetes, use of medication that
influences glucose metabolism (eg, ora corticosteroids,
metformin, insulin), aGDM diagnosisin previous pregnancies,
current substance abuse, severe psychiatric disorder, significant
difficulty in cooperating (eg, inadequate Finnish language skills),
and significant physical disabilities that prevent the use of a
smartphone or moving without aid.

Data were collected using the following procedure. After
obtaining informed consent, we collected background
information (eg, age, pregnancy weeks, and familiarity with
mobile apps) through a questionnaire. Next, the research
assistant first briefly presented the idea of the prototype and its
limitations (it was possible to move between different screens,
but the features were not fully implemented) and then instructed
the participant to freely browse the prototype (see the Evaluated
GDM Prototype App section) and encouraged her to think aloud

Textbox 1. Main interview questions.

b
RECOMMENDATIONS v C SHARED HABITS

®

A WALK TOGETHER

[33] and voice any possible questions or comments that might
come to mind while doing so. This free exploration of design
features was chosen as we wanted to gather experiences of the
featuresrather than examining in detail the usability conducting
specific tasks with the app. This is atypical approach in user
experience studies [34]. If the participant did not find all the
screens availablein the prototype, the research assistant showed
her the screens she had missed. The research assistant asked
questions about the features, and after the participant evaluated
each feature, the research assistant asked more general questions
about the app (see Textbox 1 for the main interview questions).
The research assistant also asked follow-up questions when
elaboration of the participant’s answer was needed. Regarding
desirable features related to social support from the partner
(desirable feature 3), we asked participants to evaluate the
“femininity” of the app on ascale from 1 (not feminine at all)
to 10 (very feminine), as low femininity has been argued to be
important for male users [26].

Sessions were conducted in quiet places that were easiest for
the participants to travel to and were conducted in their native
language. Interviews lasted approximately 1 hour. Interviews
were audio-recorded and transcribed. Quotes provided in the
results were translated to English verbatim, and filler words,
such as “er,” were removed during trandlation.

Main questions about features

«  What do you figure out from this feature? What do you think about it?

«  What would you like to have in this feature? How would you develop it?

«  Would you need help using this feature?

Main questions about the app

«  What do you think about the app?

«  How do you think the app could help in managing blood glucose?
«  How would it feel to use this app in everyday life?

«  What do you think about the number of features? Too many or too few? Why?
«  What do you think about the look and feel of the app? How feminine do you perceive it to be?
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Analysis

Interviews were transcribed, and 2 researchers familiarized
themselves with the interviews by reading the transcripts. The
analysis was conducted according to the Framework method,
which is arecommended approach for multidisciplinary health
research [35]. First, 2 researchersread theinterviews and coded
them using desirabl e features (see Table 1) as predefined codes,
as they were the focus of the analysis. In cases when content
outside these codes emerged, we added new codes. The coding
was performed using ATLAS.t [36]. We ended up with 39
codes and grouped them thematically into larger categories. In
the Results section, we present the categoriesin relation to the
desirable features and indicate the frequency of each category.

Kyto et d

Results

Participants

In total, 10 women with GDM were recruited to the study and
interviewed. Table 3 presents their background information.
The age of the participants varied from 24 to 40 years (mean
33.6 years, SD 4.4 years), and the gestation weeks varied from
27.1 to 37.0 weeks (mean 33.6, SD 2.7 weeks). Participants
were familiar with using various mobile apps, as they agreed
with the statement “1 am used to using various mobile apps,”
with a mean score of 4.3 out of 5 (SD 0.9). The mean scores
for the statements “| am used to using physical activity sensors
(eg, Fitbit, Vivosmart, and Polar)” and “l am familiar with
measuring blood glucose” were 2.4 (SD 1.4) and 4.5 (0.5),
respectively.

Table3. Background information about women with GDM?who participated in the study. Regarding the statements, participants responded on a Likert

scale (1=strongly disagree to 5= strongly agree).

Participant ID Age (years) Weeks of Likert scorefor “l amused Likert scorefor “l anusedtousing  Likert scorefor “I am familiar
gestation, n  to using various mobile physical activity sensors (eg, Fitbit,  with measuring blood glucose.”
apps.” Vivosmart, and Polar).”
1 36 35.0 4 3 5
2 32 333 4 2 4
3 40 31.2 4 2 4
4 24 337 5 2 5
5 31 35.6 4 2 4
6 31 30.3 5 1 4
7 32 36.6 2 1 5
8 36 37.0 5 5 5
9 35 34.8 5 1 4
10 39 281 5 5 5

8GDM: gestational diabetes mellitus.

Increased Competence to Manage GDM With
Automatic Feedback and Interactive Exploration

Most of the participants (9/10, 90%) wished to obtain feedback
about their lifestyles. Although all 10 (100%) participants
actively followed their blood glucose levels, most of them (8/10,
80%) would have liked to receive more feedback on how to
influence blood glucose levels.

Well, | would like to follow my general vitality,
activity, sleep.. like how stressed you are, do you eat
well or not, are you able to keep a diary, so that your
general wellbeing would be followed, not just the
glucose slavishly but how to influenceit. [Participant
8 (P8)]
As the feedback they received was mainly negative, such as
whether blood glucose levelsare too high, 7 (70%) participants
wished to aso obtain positive feedback beyond physical activity

Well, the Garmin Vivosmart gives you feedback that
you have achieved a goal, so a similar thing would
be useful, that you would receive some kind of badge
that everything has gone well. [P1]

https://humanfactors.jmir.org/2022/4/€36987

Theseresultsindicate that thereisalot of room for improvement
in the amount and quality of the feedback to support
self-discovery and further healthy behavior.

Many of the participants (7/10, 70%) wished to obtain clear
suggestions on what to eat.

I wish it would give precise food suggestions, like
what would be a good evening snack if | am having
troubles with my fasting glucosein the mornings...so
it would follow my diet and give me transformative
suggestions so that the glucose values would stay
within the limits so that it would be able to tell
something like, now eat more protein but nothing el se,
or something like that. [P9]

So, in addition to Harrison et al [37], who argued that women
with GDM wishto obtain clear suggestionsfor physical activity,
women with GDM wish for suggestions on nutrition as well.
Ideally, these suggestions would be personalized according to
the user’s diet.

| would like to have more tailored food suggestions,
for example, if you are vegan...you could suggest
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replacing the oat milk with something else or | do not
know...I miss out at least a half of these nutrition
guides, asthey are like, “ Eat a rye bread sandwich;’
but | can’t because | can't eat rye bread. [P1]

However, these suggestions considered not only the contents
of the food but also the timing when one should eat. One
participant implemented this by herself using alarms on her
mobile phone.

| have had alarms “ Remember to eat” on my mobile
phone every two to three hours. [P10]

In addition, 3 (30%) participants said that the suggestions should
be provided gently.

For most of the participants, those tips must be useful.

So if you replace that one with that one...at least |

would beready to receive that kind of tips, but | would

not like to get a sermon; that does not help anything.

(Pg]
Most of the participants (8/10, 80%) discussed that it would be
motivating if they were able to find positive causes and effects
of their behavior and blood glucose levels.

| think it would be insanely motivating if | were able
to see that my glucose would stay within limits
because | went for a walk. [P1]

However, personalized recommendations do not currently exist
in GDM apps.

Now you can’t get recommendations that walk for 45
mins and your blood sugar would go down. That
would very valuable. [P3]

Most of the participants (8/10, 80%) also requested precise and
clear suggestions on lifestyle choices that they can control.

But could there be a feature in the app that would
really say, you should eat in half an hour. Because
that would be really good. And if my observation
holds that even a small amount of physical activity
decreases or balances blood sugar so it would be
good if it said that “ go for awalk” [P3]

Thisfeedback should be provided gently and should respect the
autonomy of women with GDM.

Here is this kind of recommendation that you would
recover better by having longer sleep, having this
kind of concrete suggestion when you arefeeling tired
with data that you slept badly would help. And the
suggestion is not provided as an order that goes to
sleep immediately...so it isgivenin a pretty pleasant
form. [P6]
The self-discovery process of finding how lifestyle influences
blood glucose levelsistedious[8]. The app could facilitate this
process by providing feedback and suggestions on what the
person could try.

It would be good if you could get this kind of
conclusion on what to try next, because now when
you are figuring it out yourself, it is really like
hit-and-misswhat to try next.. wasit the deep, or two
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pieces of bread or egg. So if it [the app] could help
inthis, it would be really great. [P9]

Although our approach to providing recommendations was
appreciated by 8 (80%) participants, providing feedback about
sleeping, in particular, was not found to be useful.

| have only three and half weeks until the due date. |
have no control oversleeping, for example. [P1]

Thus, the feedback should be directed toward lifestyle changes
that can be influenced by women with GDM.

To conclude, feedback (also positive) about lifestyle was highly
appreciated, but it should be clear, feasible, and gentle. Feedback
should also be directed toward lifestyle changes that women
with GDM can influence, especially toward diet and physical
activity by encouraging women to try different options for
changing their diet and increasing physical activity. Suggestions
for deeping habits were not perceived as useful.

I ncrease Autonomy by Enabling Per sonalization

Most of the participants' (8/10, 80%) responses supported the
importance of personalization.

Otherwise this looks good, but it would be good if
you could modify this more based on one's own needs
so that if someone has problemswith sugar levelsand
someone with physical activity...so everyone would
be not be cut from the same cloth, and it could be
slightly adjusted based on what one isable and wants
to do. [P7]

Personalization of habits was found to be motivating by over
half (6/10, 60%) of the participants.

It would be motivating if you were able to add your
own daily tasks, that | prefer more. [P3]

Moreover, further evidence for the need for personalization of
habitswasrevealed, as 3 (30%) participantsfound the proposed
habits annoying.

| have to say about that “ Maintain a hobby” Being

at this last stage [of pregnancy] is very laborious,

and you know what kind of lifestyle you should have,

but | don’t have enough strength really...I can’t have

a hobby, so | amreally annoyed by thiskind of thing.

[P3]
Beyond our implementation, 7 (70%) participants discussed the
personalization of goalsfor lifestyle choices. For example, the
goal for physical activity should be customized to be achievable.

If | would realize at first that | am able to walk only
2000 steps a day, the 10 000 steps are pretty far. So
if you could adjust the goal to be like 5000. [P3]

Personalization was discussed for nutrition, as participants
indicated that customized nutrition suggestions are important
(seethe Increase Competence to Manage GDM With Automatic
Feedback and Interactive Exploration section).

The possibility to add aname, profile picture, and expected date
of birth was not extensively discussed, athough 3 (30%)
participants preferred personal greetings asthey made them feel
nice.
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Somehow this “ Good morning, Suvi” feels nice, it
feelspersonal .. thisislikeamodern diary...so | would
personally like to use this for sure. [P4]

To conclude, participant responses reflected the relationship
between personalization and autonomy. The ability of women
with GDM to follow health recommendations, especially in
terms of physical activity and deeping, varies significantly
between individuals and stages of pregnancy. Thus, these
recommendations, user profiles, habits, and goals should be
highly customizable. As these personalized recommendations
are obtained, at least different options (eg, how to increase
physical activity and what to eat) should be provided.

Provide Social Support, Especially From the Partner

Incorporating this desirable feature raised divided opinionsfrom
participants. We observed that participants without previous
children liked the functionality.

That walking together is very nice...maybe that is
probably my favorite. [P4]

However, participantswho had given birth before were skeptical
about this feature.

| think that in our case the partner’s/caregiver’s part
in the app wouldn’t be used. Maybe for people who
are pregnant for the first time, for whom all this is
very new...so, wouldn't be our thing, but [a] nice
feature in general. [P8]

Although the majority of the participants (6/10, 60%) preferred
that their partners had a version of the app, the support needed
from the partner varied. Some participants (4/10, 40%) discussed
therole of the partner as providing support, such as areminder
to go sleep earlier or to provide encouragement in eating.

So it [the app] would notify my partner like
[participant’s name] has slept badly, so ask her to
go to bed earlier...that kind of additional feature
would be good. [P4]

It is good that the partner can see the weeks of
gestation, and when thinking of gestational diabetes.
It could remind my partner to encourage mein eating
or something like that. [P5]

Assuch, some of the reminders could originate from the partner,
which could be more effective than providing reminders only
for women with GDM. However, further studies are needed to
investigate how women with GDM would perceive this.

WEll, this [gestational diabetes] is also a bit of
partner’sthing, or at least he gets influenced when |
am saying aloud that my blood sugar isthere so what
should | do...my partner has also tried being on this
samediet. | don’t know if it becomes oppressive if he
monitors me; |1 do not know. But | think it would be
niceif he could suggest today thisand that fromthere
[the app]. [P9]
In addition, 3 (30%) participants discussed that their partners
would be willing to help if the reasons were clear.

At this stage, when the state of health is not the best,
he [partner] starts to understand the realities, that
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something needs to be done and learned. So, | am
sure he would receive the instructions and would be
able to act accordingly if the reasons were justified
well. [P10]

However, 1 (10%) participant who did not find the partner’s
view inthe app useful stated that the app could be used to prove
the changed conditions due to pregnancy.

You could use this as a weapon at home: “ Look how

little | have slept, so | need to sleep longer in the

morning.” [P8]
We also evaluated the femininity of the prototype app, as
described in the Recruitment and Data Collection section.
Although the participantsrated the app’sfemininity to berather
high (median 7), the ratings on femininity varied considerably
(minimum=3, maximum=8). Theratingswere moreinfluenced
by the topics related to pregnancy

WEll, there is a picture of a baby, so it is probably
the only feminine thing here. [P5]

rather than the feel of the user interface:

There are nothing like stereotypical things, like
flowers, hearts, and butterflies, which | have seen in
period apps. [P6]
The neutral and somewhat clinical ook was preferred by the
participants.

The feeling of medical science, makes it feel
credible...if it was fluffy pink, | would not use it
myself. [P1]
The use of neutral elementsand col orswould support the usage
of the app by both women with GDM and partners.

The community challenge raised fewer opinions. Of the 10
participants, 2 (20%) discussed belonging to a peer support
group on social media and 1 (10%) participant found that this
support could be improved by having things that women with
GDM could do together.

| ampart of a peer support group in Facebook, | have
not been very active there, but people think about
these things [issues about GDM] a lot and some
things are | eft on their own, so it could be interesting
if something like thisis supported, at least likein this
way virtually. [P9]
However, most participants (8/10, 80%) did not comment on
this feature.

To conclude, incorporating social support into the app divided
opinions, and participants suggested different supportive roles
for partners. The partner’s role in the app should be optional,
and the partner should have their own version of the app. This
partner’'s version could include encouragement messages and
reminders for a healthier lifestyle, which the partner can
communicate with the woman with GDM. Some participants
wished to share information about GDM with their partners so
that the partners could support and help them in the management
of GDM. The more advanced features, such as sharing dataand
suggestions for common activities, should be customizable.
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Support a Normal Pregnancy and Debunk Myths
About GDM

Most of the participants (8/10, 80%) preferred having pregnancy
information in the GDM app.

It is always nice to read what is the situation of the
baby. [P3]

| think that one can never have too much information
about these things. [P4]

| havethis pregnancy app on my phone...| have looked
at it almost twice a day from the beginning.. .thisis
something that | am interested in...how much it
weighs and what parts have developed thistime...so
super big plus having this. [Pg]
This could be developed further by providing information not
only about pregnancy but also about nutrition and physical
activity.

Here is information about physical activity and
pregnancy, [a] nutrition guide, information about
gestational information...this is interesting, so it is
more information than what | have seen from apps
that | am using. [P6]

To conclude, the participants valued having pregnancy and
GDM information in the app. In addition, they wanted more
information about nutrition and physical activity than what is
availablein current pregnancy apps. Optimally, thisinformation
should be personalized together with lifestyle suggestions (see
the Increase Autonomy by Enabling Personalization section).

Support Dual Processing as Pregnancy IsLife
Changing

In general, amost all the participants (9/10, 90%) found our
approach useful for supporting comprehensive self-tracking and
to visualize these datain a single graph.

This seems somehow useful, asit is not only my own
inference between two different graphs, so if | move
then | would see how the blood sugar looks like, so
having these graphs together seemslike a good idea.
(Pe]
Things that | like to follow: blood sugar, sleep,
activity, those all are nicely and clearly shown
together. [P2]
Participants al so embraced the possibility to select what factors
to view in the visualization.

I like that you can choose in the graph which ones

are visible, then you can compare blood sugar to

activity or sleep or something similar. [P6]
However, some participants (4/10, 40%) discussed that the
possibility to select the factor did not simplify the view enough,
as they thought that there was too much information and the
view was too complex (eg, blood glucose information should
be more distinct).

| think this [blood glucose] should be emphasized,
visually it looks more like a background...so this
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glucose measurement is the most important thing,
and these others are additional information. [P1]

In addition, 1 (10%) participant requested highlighting blood
glucose and having other data as an additional option.

In the graphs, there was too much information at a

first glance. So, you could simplify this...well you can

select to view the data that the user is interested

in...so viewing all the graphs at the same time could

be one possibility but maybe not the default option.

[PS]
Despite these concerns, the participants indicated that they
would have benefited from such visualization at the beginning
when they received the GDM diagnosis.

Concerning habitual visualization, 9 (90%) participants liked
to have the glanceable data on the first page of the app. The
importance of providing an arrow with blood glucose for
indicating the trend (see Figure 1a) was also identified here.

| think those are great, like the glucose, there is an
arrow, so it gives more information for what to
compare. [P5]
Some participants (4/10, 40%) indicated that they should pay
attention to the app only when something is going wrong and
thus support more reactive decision-making.

| think that the most important thing in the app would
be like “ Mom, relax. It will alarm when you need to
do something about it [P1]

Reminders were also discussed to help create measurement
habits.

When | am having a post-meal measurement, | always
add it asan alarmto my mobile phone. So, of course,
if that would be possible using the app, | would not
haveto do it separately. [P3]

It could remind mewhen | need to measure morethan
the normal blood sugar in the morning. [P8]

The mobile phone was mentioned as being useful for tracking
habits, as people follow their mobile phones anyway.

For example, the goals, like habits and so on, what
you can put there.. that feels something that would
be useful for me. So when you add them and the app
would remind me, it would be something that | would
follow, because | follow the mobile phone quite often.
If you had a separate diary or something like a paper
or calendar, then you would not most likely notice
them. [P6]

As such, in addition to customizing the habit (see the Increase
Autonomy by Enabling Personalization section), the reminders
of these habits could a so be customized. A participant discussed
that once healthier habits have become part of everyday life,
assistance from the app would not be needed anymore.

You would need to follow the app every day pretty
davishly...so | think one of the goal s of thisapp would
beto learn to be without it.. .the less you would need
it, the better. Now it is quite engaging...so there
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should be a balance...the app is more like help but
not something that flogs. [P7]

To conclude, both approaches (habitual and reflective) to support
decision-making should beincorporated in the design. Thedual
processing responds to the various needs of women with GDM,
as some were interested in investigating the self-tracking data
in depth, whereas others preferred the glanceable information
about current values. It is recommended to use simple
visualizations (eg, using the traffic light metaphor or arrows)
to show real-time feedback and line charts combining blood
glucose levels and lifestyle for providing detailed information
about the causes and effects. Participants had different opinions
on how much they are willing to pay attention to data and how
much should be provided in the form of natificationsand alarms.

Integratethe App With Normal Pregnancy and
Existing Health Care Services

In addition to supporting desirable features, providing
information that iscommon for pregnant women in general and
women with GDM supported the feeling of normal pregnancy.
Having the gestational weeks on the first page was clear for the
participants.

Pregnancy weeks are easy to understand. [P1]

Theoverall appearance of the app looks clear asthere
are pregnancy weeks on the first page. [P7]

Providing pregnancy information in addition to self-tracking
data was appreciated by the participants (8/10, 80%).

It's nice that you can go from the first page to
pregnhancy information, so everything isnot just hard
data, but also information similar to pregnancy
applications. [P10]

Almost all the participants (9/10, 90%) suggested that the app
could be part of health care, especially if sufficient instruction
is provided.

| think this should be some kind of maternity clinic
app right away, and good instruction should be
provided. [P1]

A pretty good introduction should be given at the
start, and then there could be a possibility to quit
using it [the app] if it doesn’t feel one's thing. If you
are new and suddenly you are given this kind of app,
it can be that it doesn’t suit everyone. [P7]

Participants discussed the importance of having contact with a
diabetes nurse so that they can share the data with them and
discuss the data provided by the glucose sensor.

I think that a chat and feedback functionalitieswould
be useful, so it would send an alarmif you get a lot
of hypers, and that information should be
automatically transmitted to the diabetes nurse.. .|
think the current way isvery old school . . .now we send
some glucose values by email, which can basically
be anything as they can vary fromtime to time. [P1]

Many of the participants (7/10, 70%) wanted to receive a
message from the app to contact a clinic if something unusual
OCCurs.
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There should be contact details for maternity clinics

or something like that. So, when you face some

challenges, for example, if you have had three hypers

this week, you would get a notification to contact the

clinic. [P4]
More than half of the participants (6/10, 60%) also mentioned
that the app should be integrated with visits to a clinic and the
app could support collecting more data and provide them for
health care personnel.

You could utilize the app in maternity clinics so that
there weren’t so many different units.. that you could
combine this to maternity clinics, so this could be a
good package for them. Then you could also add
blood pressure or weight or something to the app you
once have visited the clinic. [P7]

To conclude, participants liked to have gestational weeks on
the first page and pregnancy information to support the feeling
of normal pregnancy. They aso felt that the app could be part
of their routine care and provided different suggestions on how
the app could be integrated into health care services, including
good instructions, use of self-tracking datafor visitsto maternity
clinics, and enabling connection to the maternity clinic when
blood glucose levels have frequently been exceeded.

Other Emerged Themes

Most of the comments from women with GDM were consistent
with literature-based desirable features [14], indicating that
desirable features cover the majority of themesdiscussed inthe
interviews. However, as we analyzed emerging themes beyond
the literature-based desirable features, we want to note the
following important aspects.

Basic FunctionalitiesThat Are Smpleto Learn but Have
Sufficient Depth to Maintain | nterest

Thetemporal dimension (ie, how the use of the app would vary
as a function of time) was not extensively discussed in the
desirable features. However, this issue was raised in the
interviews by 4 (40%) participants.

The more | would use this app, the more | would
benefit from it...the first week | would be filling
information, but then | would start setting habits and
other things and would gain more benefits. [P8]

This emphasi zes the need for good instructions when using the
app, which was discussed in the Integrate the App with Normal
Pregnancy and Existing Healthcare Services section. After the
initial stage, the app should have sufficient depth for maintaining
interest.

There should be more features rather than less, so it
isversatile. And it [the app] isa sort of combination
of things that | would use anyway, so having a lot of
features doesn’t bother me...it maintains interest if
there are many different things. [P4]

As such, provided that the usability is not compromised due to

multiplefeatures, having them would be beneficial. This seemed
to be the case for our app.
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This[app] ispretty clear and simple...and after using
it a couple of minutes this feels easy to learn and
grasp...when compared to other apps I’ m using and
have used. [P10]

Tolerance for Slipping and Usage Breaks

Half of the participants (5/10, 50%) discussed that the app
should be started on the mother's own terms (see also the
Increase Competence to Manage GDM With Automatic
Feedback and I nteractive Exploration section regarding starting
self-tracking). This includes tolerance for dlipping, which
happens to women with GDM as well.

| would consider this app interesting as | dip
sometimes...but it [the app] should not increase
anxiety if these slips are recorded there...No one is
perfect, and there could be some things that you at
least won't be blamed for if you dlip...If you need to
show this to someone, you might neglect some
markings or not use it if you feel ashamed that you
haven't been that good. So, having that kind of app
would be the best option. [P7]

This emphasizes that the app should focus on the positive
aspects of how personismanaging GDM, for example, through
positive feedback (see the Increase Competence to Manage
GDM With Automatic Feedback and Interactive Exploration
section). In addition, 3 (30%) participants discussed that their
attitude toward the app might vary time to time.

For most of the time, the app would be like a good
thing, but | can imagine that there would be times
that the whole app would start annoying me. [P2]

This indicates that the app should be tolerant of usage breaks
and different usage frequencies.

Discussion

Principal Findings

In this study, we examined how to incorporate literature-based
desirable features [14] into mobile apps designed for
management of GDM. Most of the feedback on example
implementations of the desirable features was positive and
constructive. Weidentified that self-tracking datain GDM apps
should be extended with written feedback, habits and goals
should be highly customizable to be useful, providing social
support through the app should be possible for the partner, and
health care professionals should be notified through the app if
something unusual occurs. Relating to automatic feedback and
self-tracking dataexploration (desirable feature 1), the feedback
through the self-tracking data was of value, but the interviews
revealed that the feedback should be extended with written
feedback. Theinterviews also indicated that the guidance should
be clear, feasible, and gentle. In general, these comments are
consistent with findings by Harrison et al [37], which indicated
that women with GDM want clear suggestions on what physical
activity to engage in. However, this should be provided gently
and should consider personal physical capabilities and
preferences for diet, respecting the women’s autonomy. Many
women encounter difficulties in trying to adapt ethnic diets to
the dietary changes that GDM demands [27,38,39]. Draffin et
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al [27] considered giving culturally appropriate advice ascrucial
to prevent women from feeling alienated, as it can be difficult
for womento follow recommendationswhen they feel that such
recommendations are not applicable to their lives. Providing
automatic guidance in the form of recommendations or other
written feedback islargely missing in existing GDM apps[14].
Thus, future work is needed on how to provide influential
feedback for women with GDM with automatic approaches to
achieve the effectiveness of human feedback [14].

Regarding the personalization possibilitiesin the app (desirable
feature 2), our results support findings by Goetz et al [40], who
reported that personalized wel come messages and the possibility
to add their pictures were appreciated by a third of pregnant
women. However, participants stressed the importance of
personalizing daily habitsand goal's, which has not been possible
in existing GDM apps [41]. As such, there is alot of room to
enhance the personalization features of GDM  apps.
Personalization should not be limited to lifestyle choices but
should also include personal concernsrelated to pregnancy [38].
How to personalize apps for GDM for women from different
ethnic and cultural backgrounds in managing their diabetes
requires further studies.

Social support (desirable feature 3) has also been absent, as
none of the existing GDM apps provides socia support from
the partner [14]. The responses from participants indicated that
their partners could have different supportive roles through the
app. More investigations are required to determine how this
could be implemented such that women with GDM do not feel
controlled but are supported in making hedthier lifestyle
decisions. Showing simple notifications to the partner, without
accessing the woman's self-tracking data, would be a good
starting point as the amount of data disclosed to the partner
would be minimized. The user could then decide whether they
would be willing to share more data with their partner. In
addition, the partners’ opinionsabout theintended functionalities
for them should be studied more. These investigations have
been conducted for pregnancy apps designed for men [42] but
are lacking in GDM apps [14]. Beyond partners, providing
social support through a community challenge did not raise
many comments from the partners. This is consistent with the
findings by Peyton et al [26], who showed that more research
is needed on how to incorporate social media activities in

pregnancy apps.

Regarding debunking myths about pregnancy (desirablefeature
4), the responses were consistent with the literature that women
with GDM want to have GDM and pregnancy information in
the same place [17]. However, participants requested more
in-depth information about nutrition and physical activity than
the current apps provide, akinto apreviousstudy [17]. Assuch,
GDM apps should have a comprehensive information section
about pregnancy, GDM, and related topics, such as nutrition
(eg, recipes) and physical activity.

Regarding the depth of information, the participants’ willingness
to interpret the self-tracking data significantly varied. Some
wanted to discover cause and effect, whereas othersjust wanted
to know “if something is wrong.” This indicates that support
for dual processing (desirable feature 5) is useful. The
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dual-process approach is supported fairly well in current GDM
apps in terms of providing data at varying levels of detail [14].
Habitual processing is implemented with glanceable
visualization of recent blood glucose levels, whereas more
detailed graphical visualizationis provided to support reflective
processing. Habitual or reactive processing isfurther supported
with reminders and alarms. However, the possibility to create
and track daily habitsis missing from current GDM apps[14].
Participants would especially appreciate habit tracking if they
were able to personalize their habits (see desirable feature 3).
Moreover, linking the new or changeable habit to an existing
habit can be expected to be amore effective approach than time-
and phone-based approaches in the long term. How this could
be accomplished remains an open challenge, but as the
techniques for activity recognition continue to develop [43],
detecting the existing habits may soon become possible, thus
enabling linkage of new and changeable habits with existing
habits, such as measuring blood glucose levels, which is a
frequent task for women with GDM.

Finally, regarding desirable feature 6, integration to a normal
pregnancy was appreciated as participants discussed having
gestational weeks on thefirst page asagood and familiar feature
from pregnancy apps. Participants also proposed ways for how
the app could beintegrated into health care servicesin terms of
monitoring between maternity clinic visits. These findings are
in line with the review on technological support for diabetes
management, which emphasizes the importance of 2-way
communication between people with diabetes and health
professionals [29] and that the self-tracking with wearable
sensors can increase the completeness of the self-tracking data
presented to health care professionals [44]. However, it is
unclear how health care professionals would perceive
self-tracking data beyond blood glucose levels. A big issue on
acceptability is their attitude toward the data provided by
lifestyle and well-being devices [44,45]. These acceptability
investigations of well-being data among heath care
professionals are missing in the context of GDM. This
integration has been partly implemented in current GDM apps
[46,47], and the absence of thisintegration isconsidered alarge
shortcoming [17].

In addition, we found 2 important themes from the interviews
that were not clearly related to desirable features. First, asGDM
isperceived as“a stun” [48], the participants indicated that the
app should be simple to take into use. This is particularly
important at the beginning, when some effort is required for
setting up the app. There should be also deeper features to
maintain interest for women with GDM at a later stage of
pregnancy. We believe that it is possible to design an app that
is easy to use but has many features. Thisisin contrast to the
findings by Hood et al [49], who observed that the number of
features decreases the usability of diabetes apps in general.
However, keeping the basic functionalities simple and having
sufficient depth from additional features seem to be a good
approach. Second, as women with GDM may have feelings of
guilt, the app should have atolerance and supporting approach
for dipping and unfavorable behavior. Skar et a [17] discuss
that dlipping might lead to undesirable “cheating.” This also
implies that returning to the app after a while should be easy
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and that lack of use should not be punished but rather supported
by friendly messages to guide women with GDM to start using

the app again.

Limitations of the Study

We are aware that the design space for implementing each
desirable feature is large, and thus, multiple different
implementations can be derived from it. At this stage, we used
these example implementations of desirable features as starting
points to explore and evoke further ideas from participants. As
such, our aim was not to validate these implementations of the
desirable features but to gain constructive feedback to
incorporate the desirabl e features into a future GDM app.

We acknowledge that the number of participants could have
been higher. However, we believe that this was sufficient asthe
data seemed to be saturated after 8 interviews. Moreover, the
same number of participants have been used in qualitative
studies on experiences of GDM (eg, [48]).

The participants were familiar with using mobile apps, which
reflects the wide adoption of mobile apps among pregnant
women in developed countries [50]. However, more work is
needed to assess how acceptable and feasible the app-based
interventions are for women with GDM in large-scale use[18].

Directions for Future Work

Most of the studies on GDM apps have investigated the effects
of these apps on medical outcomes or user experience. However,
less work has focused on constructive approaches for
investigating the design features of GDM apps. Thisstudy aimed
to fill the gap by designing and providing examples of features
that have justifications in the literature [14] and by providing
the perspectives of women with GDM. In the future, these
features should be implemented and integrated into afunctional
GDM apptoinvestigate their impact on GDM self-management.
More research is required to understand the efficacy of each
exploratory desirable feature provided here. To do this, we will
incorporate at least part of these features in a fully functional
mobile app for iOS and Android and conduct a randomized
controlled trial to evaluate its effect on maternal and neonatal
outcomes in the future. In addition, the feasibility of
implementing each desirable feature is largely unknown.
However, theimplementation of providing reliableinformation
can be considered to be much easier than the implementation
of habit formation and tracking, for example.

Aninteresting part of futurework isto study interactive learning
environments with women with GDM that alow creating
causalities between health behaviors (diet, physical activity,
and sleep) and blood glucose levels. Especialy, this would
support desirable features 1 and 4. A survey on the features of
diabetes apps by Adu et a [51] revealed that the teaching of
diabetes self-management skillsis underrepresented in diabetes
apps [52], although recent guidelines emphasize the need for
patient education [53]. Qualitative studies[21,27] indicate that
the self-discovery process of GDM is challenging and
demanding, which takes a considerable amount of time.
Neverthel ess, the self-discovery process could be expedited and
facilitated. For example, this could be achieved with interactive
visualizations of how lifestyleimpacts blood glucoselevelsand
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what kind of potential impact this can have on the child. Bien
et a [54] noted that increased knowledge of diabetes during
pregnancy increases perceived general health. Carolan-Olah et
al [55] suggested that knowledge of GDM could be improved,
particularly for women from multiethnic and low socioeconomic
backgrounds. Although an app is a common way to provide an
eHealth intervention, theinteractive learning environment does
not necessarily need to be restricted to apps. An interactive
learning environment could be leveraged to other technologies
for diabetes management, asexplored by Rollo et al [56]. These
include web-based programs, video games, and even emerging
technologies, such asvirtual reality and augmented reality. For
example, the use of virtual reality can provide an immersive
environment to rehearse healthier choices [56]. However, it is
still unclear what benefits these technologies could bring

Kyto et d

specifically to GDM management over mobile health (mHealth)
learning environments.

Conclusion

This study wasintended asaconstructive step in thedesign and
development of a mobile app to support behavior change
required in the self-management of GDM. We designed and
evaluated how to incorporate desirable featuresinto GDM apps.
Theresults confirmed theimportance of these featuresto support
self-management through GDM apps, and we gained
constructive information about the contents and functionalities
of each feature. We expect that the implementation of at least
some of these features will increase the efficacy of GDM
self-management apps. We argue that the results are useful for
various stakeholdersthat target effective mHealth interventions
for GDM.
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Abstract

Background: Smartphone ownership and mobile app use are steadily increasing in individuals of diverse racial and ethnic
backgroundsliving in the United States. Growing adoption of technology creates aperfect opportunity for digital health interventions
toincrease accessto health care. To successfully implement digital health interventions and engage users, intervention devel opment
should be guided by user input, which is best achieved by the process of co-design. Digital health interventions co-designed with
the active engagement of users havethe potential to increase the uptake of guideline recommendations, which can reduce morbidity
and mortality and advance health equity.

Objective: We aimed to co-design a digital health intervention for patients with atrial fibrillation, the most common cardiac
arrhythmia, with patient, caregiver, and clinician feedback and to describe our approach to human-centered design for building
digital health interventions.

Methods: We conducted virtual meetings with patients with atrial fibrillation (n=8), their caregivers, and clinicians (n=8). We
used the following 7 stepsin our co-design process: step 1, a virtual meeting focused on defining challenges and empathizing
with problems that are faced in daily life by individuals with atrial fibrillation and clinicians; step 2, a virtual meeting focused
on ideation and brainstorming the top challenges identified during the first meeting; step 3, individualized onboarding of patients
with an existing minimally viable version of the atria fibrillation app; step 4, virtua prototyping of the top 3 ideas generated
during ideation; step 5, further ranking by the study investigators and engineers of the ideas that were generated during ideation
but were not chosen as top-3 solutions to be prototyped in step 4; step 6, ongoing engineering work to incorporate top-priority
featuresin the app; and step 7, obtaining further feedback from patients and testing the atrial fibrillation digital health intervention
inapilot clinical study.
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Results: The top challenges identified by patients and caregivers included addressing risk factor modification, medication
adherence, and guidance during atrial fibrillation episodes. Challengesidentified by clinicians were complementary and included
patient education, addressing modifiable atrial fibrillation risk factors, and remote atrial fibrillation episode management. Patients
brainstormed more than 30 ideas to address the top challenges, and the clinicians generated more than 20 ideas. Ranking of the
ideas informed several novel or modified features aligned with the Theory of Health Behavior Change, features that were geared
toward risk factor modification; patient education; rhythm, symptom, and trigger correlation for remote atrial fibrillation
management; and social support.

Conclusions:  We co-designed an atrial fibrillation digital health intervention in partnership with patients, caregivers, and
clinicians by virtually engaging in collaborative creation through the design process. We summarize our experience and describe
a flexible approach to human-centered design for digital health intervention development that can guide innovative clinical

investigators.

(IMIR Hum Factors 2022;9(4):€38048) doi:10.2196/38048

KEYWORDS

atrial fibrillation; digital health intervention; human-centered design; health equity; smartphone; mobile application; cardiac;
cardiology; virtual meeting; virtual health; medication adherence; health equity

Introduction

Background

Digital health interventions (DHIs) arerapidly reshaping health
care, including the delivery of cardiovascular care. Health and
fitness smartphone app utilization isincreasing, with 84 million
usersoveral inthe United Statesin 2021 [1]. Racial and ethnic
minorities have higher rates of smartphone usefor health-related
purposesthan Whiteindividualsin the United States[2,3]. This
represents a unique opportunity to reach diverse groups of
patients outside hospital walls and empower them with disease
management knowledge and tools. By engaging patients in
self-management, DHIs have the potential to improve access,
management, and ultimately health outcomes of patients with
cardiovascular disease. There are more than 50,000
health-management apps available in the Apple and Android
Google Play app stores[4,5], but the mgjority do not adequately
engage patients [6]. This problem is likely multifactorial, with
causes that include a lack of evaluation of patient needs and
development of products without grounding within established
behavior change techniques. To design successful DHIs,
innovators would benefit from identifying challenges related
to management of the disease from patient, caregiver, and
clinician perspectives in the early phases of app development.
Furthermore, to ensure that the end products are useful to
patients across different age, race, ethnicity, sex, and
socioeconomic groups, engaging diverse individuals in the
design processis crucial. Thisapproach has been supported by
arandomized study in which app selection based on target users
needs led to better usability and user satisfaction [7].

Human-centered design (HCD) is a core creative design
methodology developed in the 1970s to facilitate innovative
solution development processes. HCD methodology has been
widely adopted in engineering and social sciences. More
recently, HCD has been adopted for health care intervention
development (eg, web-based health app co-design for refugee
and migrant women, diabetes management app development,
heart failure digita tool development, and personalized
integrated care platform development for people with
neurodegenerative disorders) [8-12]. To date, more than 100

https://humanfactors.jmir.org/2022/4/€38048

design methodologies have been described that use different
approachesto HCD, including participatory design and affinity
diagramming, among other methodologies[9]. Whilethere are
differencesin how various design methodol ogies are structured,
many share the integral components of understanding end user
needs through user engagement in the design process. DHIs
developed with an HCD methodology have the potential to
promote person-centered care, as they are designed in a way
that respects patient needs, values, and preferences; allows care
continuity outside the walls of the hospital; empowers patients
with education; and provides emotional support. Overall, while
genera field guides for HCD are widely available, structured
frameworks to guide innovators and investigators in designing
disease management DHIs by applying HCD principles,
including relevant stakeholders, and addressing the challenges
in diverse patient engagement are limited. This provides an
opportunity to describe our approach to applying HCD principles
inthe health care setting and contribute to the growing literature
[13-15].

Case Study Significance

Atrid fibrillation (AF) isthe most common cardiac arrhythmia.
The lifetime risk of AFis1in 5 among Black individuals and
1in 3 among White individuals [16,17]. AF is associated with
poor quality of life [18], poor subjective health [18-20], and
increased morbidity and mortality [21,22]. Scientific
breakthroughsin therapy (including anticoagulation and rhythm
control) and interventions (including advanced ablation
techniques and left atrial appendage closure) have not been
uniformly adopted in practice, especially among individuals
from disenfranchised racial and ethnic groups[23-28]. In order
for scientific advancesto reach diverse groups of patients, there
is a need to identify patient-, caregiver-, and clinician-level
challenges and to engage all stakeholders in the process of
creating innovative solutions. We previously developed a
minimally viable AF DHI by tailoring the Corrie Health digital
platform. This platform consists of the patient-facing Corrie
app, connected devices, and a clinician dashboard, where
actionableinsights are stored to inform clinical decision-making.
The Corrie Health DHI was shown to successfully improve
outcomes among patients recovering from myocardial infarction
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[29-31]. Several features of the original Corrie app were based
on behavioral change theories, such as socia cognitive theory
and the health belief model, which includes domains of
perceived susceptibility, perceived benefits, barriers, cues to
action, self-efficacy, enactive attainment, knowledge, and
outcome expectations [32]. Behavior change techniques are an
important addition to the patient feedback processes described
above, asthey promote patient engagement and uptake of DHIs.

We aimed to further develop the AF DHI on the Corrie Health
platform to create a mature product that reflects the needs of
diverse patients, caregivers, and clinicians. Furthermore, we
aimed to summarize our findings from the process and to
propose an approach to HCD tailored for DHI development in
an inclusive manner: the Virtual Inclusive Digital Health
Intervention Design to Promote Health Equity (iDesign)
framework. This framework can be applied to the devel opment
and optimization of other DHIswith relevant stakeholder input.
Our goal isto help guide clinical investigators and health app
developers to create engaging, equitable, and scalable digital
health solutions.

Methods

Study Setting

To conduct this qualitative research study, we recruited an expert
designer from the Johns Hopkins Center for Health Equity
(author NM) who had completed in-person training in HCD
methodology. The expert designer led the design process along
with a clinician (author NI) who had experience in caring for
patientswith AF and had al so completed onlinetrainingin HCD
methodology. We also recruited 4 individuals to help capture
the meeting discussions in real time, including 2 clinicians, 1
undergraduate student, and 1 postgraduate student.

Isakadze et @

Ethics Approval

The study was approved by the Johns Hopkins Institutional
Review Board (IRB00230621).

Patient Recruitment

We conducted purposeful sampling with the goal of having
representation from multiple ethnic and racial backgrounds.
While we were able to enroll White, Black, and Asian
individuals, we were not successful in enrolling Hispanic or
Native American individuals due to the very small number of
eligible individuals in the source population. We recruited 8
patients with a diagnosis of AF and their caregivers or health
partners (if the patient chose to include them) who were
scheduled to see a cardiologist or electrophysiologist within 6
months of enrollment. All participants were recruited virtually
via phone call, and consent was obtained by email. Design
meetings were conducted on the Zoom platform. Virtual study
procedures were chosen to allow for asafe study processin the
setting of the COVID-19 pandemic. This also allowed us to
increase access and engage eligible patientswith alimited ability
to attend in-person visits dueto barriers such aswork, household
circumstances, and transportation [33].

Inclusion criteria were a diagnosis of AF, ownership of a
smartphone (iPhone 5 or newer), residency in the United States,
and proficiency in English.

Clinician Recruitment

Clinicians were recruited using flyers and emails with
information regarding the study. Eligible clinicians included
cardiologists, electrophysiologists, pharmacists, and advanced
care providers. All clinicians had more than 3 years of
experience caring for patientswith AF. All participants provided
informed consent virtually via email, as discussed above.
Methods for each step of the iDesign process are outlined in
the following sections and are also summarized in Figure 1.

Figurel. Stepsof the Virtua Inclusive Digital Health Intervention Design to Promote Health Equity (iDesign) framework.
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We strived to be asinclusive as possible throughout the process,
within the limitations of the COVID-19 pandemic, by (1)
including a health equity expert (who was also an expert in
HCD) to co-lead the HCD sessions, (2) inviting patients,
caregivers, and clinicians with different backgrounds and
expertise to drive the development of the components of the
AF DHI, (3) offering virtual study visits that alowed for the
inclusion of individuals who would not be able to take time off
from work or travel to in-person visits, (4) offering one-to-one
technology onboarding to allow the participation of individuals
with different levels of technology literacy, and (5) ensuring
that everyone contributed throughout the meetings by providing
enough time for participants to speak and to reflect at the end
of the session on whether their ideas were correctly captured.
While the study team carefully considered providing a loaner
phone with a data plan to patients who did not own that
technology or have internet access, we decided at the time that
devicerecirculation may have posed an unduerisk of COVID-19
transmission.

Step 1: Defining Challenges and Empathizing

Patients

We conducted a virtual 1.5-hour meeting using audio-video
conferencing on the Zoom platform with patients and caregivers
or health partners. Discussions during the meeting were guided
by the prespecified agenda. After introductions and an
ice-breaking activity, the study leads explained to the
participants that the goa of the session was for the study
investigatorsto understand challenges patients experience while
living with AF and to understand their journey after the
diagnosis. Patientswere al so educated about the HCD approach
and were reminded of the study goal to develop a DHI that
would address the challenges of diverse patients with AF.
Patients were divided into 2 groups to alow them to express
their experiences with minimal time constraints. Participants
were encouraged to think about either their personal experience
asapatient or asacaregiver supporting a patient. We explained
to parti cipants that we would be using ajourney map to capture
their experiences following their AF diagnosis and their life
with AF. We used the software Lucid (Lucid Software, Inc) to
capture these experiences, which were projected on the shared
Zoom screen. When the participants shared their experiences,
we asked them to mark their timeline with notable milestones,
which could be appointments, months, special holidays, or
periods that marked how they were feeling. The study team
used the following prompt during the breakout sessions to
develop the journey map: “Let’s take a moment to think back
to your first interaction with the healthcare team you had when
diagnosed with AF. We want to hear your story aswell as your
partner’s story. Walk usthrough your journey after thediagnosis
of AF” We encouraged participants to focus on the following
guestions while answering the prompt: “What were your
thoughts?’ “How did you feel ?’ “What went well?" and “What
were your challenges?’

We then shared the journey maps and the overall broad themes
that emerged from the discussion with the whole group. The
study participants were asked if their thoughts were adequately
captured. Afterward, we thanked participantsfor their timeand
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reminded them about the next steps, which included identifying
top challenges that we would address together, followed by
ideation, prototyping, and testing solutions.

Although we had identified broad themes during the sessions,
we aso conducted a qualitative analysis of a transcript of the
audio recording of the session using the software ATLAS.LI
(ATLAS.ti GmbH). First, each sentence wasinductively coded
viadescriptive codes that were then clustered into broader codes
sharing similar themes. These werefurther clustered into broad,
emerging themes and formed into insight statements (these are
discussed in the results section). Coding was conducted by the
clinician-researcher (NI) and reviewed by an expert designer
(NM) to ensure the dependability of the process.

Clinicians

We condensed step 1 (defining challenges) and step 2 (ideation)
for the clinician meeting in order to accommodate the study
participants' schedules. We conducted a 1.5-hour meeting
virtually via Zoom and recorded the session. Like the patient
and caregiver meeting, the clinician meeting was guided by the
prespecified agenda. After introductions and an ice-breaking
activity, we asked the clinicians to share their responses to the
following open-ended questions:. (1) “What challenges do you
facewhile caring for patientswith AF?" and (2) “What are some
patient strategies that increase their success in AF
management?’

We summarized clinician responses using virtual whiteboarding
and affinity diagraming. Affinity diagraming includes grouping
together conceptually similar notes captured during discussion
and identifying broad, emerging themes. Broad themes that
were identified from the clinician sessions were then
transformed into insight statements.

Step 2: 1deating Solutions (Patients Only)

Following step 1, a qualitative analysis of the meeting script
was used to identify broad themes, which were converted into
insight statements, as outlined above. We then constructed “ how
might we” questions from the insight statements. “How might
we” questions are core components of the HCD approach and
are meant to promote creativity [34]. We conducted a 1.5-hour
meeting via Zoom with the goal of brainstorming and ideating
solutionsfor the top challenges patients and caregivers expressed
during the first meeting. We asked participants if the list of
“how might we" questions generated from the transformation
of emerging themes reflected what they shared during the first
meeting. Participants were given the freedom to add or modify
any questions. After confirming the accuracy of the“how might
we’ question list, we asked everyone to vote on the top-4
priority questions they wanted to brainstorm about.

Following the guidance of our expert human-centered designer,
we decided to deploy the existing technology after the ideation
phase. This was done to avoid bias in the thought process and
facilitate generation of creative ideas without exposing
participants to the existing technology. Additionally, we felt it
was necessary for participants to have an understanding of
existing capabilities and overall app design prior to engaging
in prototyping.
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Step 3: Individualized Virtual Onboarding (Patients
Only)

We set up aZoom meeting at a convenient time for each study
participant to conduct individualized virtual onboarding to the
minimally viable version of the Corrie app, which we named
Corrie Afib. We followed a systematic approach for onboarding
participants, whichisdescribed in MultimediaAppendix 1. The
time required for onboarding each participant varied
considerably, ranging from 15 minutesto 2 hours, based on the
participant’sdigital health literacy. Patients attended this session
without caregivers.

Step 4: Virtual Prototyping (Patients Only)

During the third 1.5-hour Zoom meeting, we first asked the
study participants to identify the top solutions they wanted to
design from thelist of solutions that were generated during the
second meeting (discussed in the results section). Study
participants then voted using the Zoom chat box on the top
solutions they wanted to prototype. The participants were split
into 3 groups, and each group was given the task of prototyping
the intervention. Virtual prototyping was conducted using
Google Jamboard, which lets study designers capture patients
design ideas in real time and allows them to confirm their
accuracy by continuously asking questions.

Step 5: Further Ranking

Additional ranking with study investigators and engineers was
conducted, because the patients expressed their desire for other
solutions to be incorporated in the DHI, although due to the
time constraints of the virtual meetings, prototyping of only 3
solutions was feasible. Three study coinvestigator-clinicians
and engineers met for discussion and ranked more than 30
patient ideas and more than 20 clinician ideas (Multimedia
Appendices 2 and 3) that were not prototyped by patients; the
ranking was based on feasihility, viability, and desirability and
used a 3-point Likert scale [35]. Top-scoring solutions were
prioritized for incorporation into the app, in addition to theideas
chosen by patientsfor prototyping. Our approach, likethe HCD
process, was flexible. When feasible, the ranking process can
be combined with the ideation session. We then leveraged the

Textbox 1. List of “how might we” questions.
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Theory of Health Behavior Change as a conceptual model to
guide further incorporation of thefeaturesin the design process
[36,37]. The Theory of Health Behavior Change considers 3
major components driving individual behavior change:
knowledge and beliefs, self-regulation skill and ability, and
social facilitation (Multimedia Appendix 4) [36,37].

Step 6: Engineering Work (Ongoing)

Once specific functionalities were prioritized, the engineering
team began to integrate the selected features into the app.
Step 7: Testing (Future)

The app functionalities informed by our iDesign process will
be modified iteratively until no further major feedback is
obtained from pilot clinical testing in alarger group of patients
(N=100), who will be either Android or iOS users.

Results

Step 1: Defining Challenges and Empathizing

Patients

Patients (N=8) and their caregivers or health partners (N=3)
joined the first group discussion virtually over the Zoom
platform. Subsequent sessions were attended only by patients,
without caregivers or health partners. The median age of the
patients was 69 (IQR 58-78) years. There were 2 Black
participants, 1 Asian participant, and 4 women; 4 patients had
commercia insurance and 4 patients had Medicare insurance.

After conducting a qualitative analysis, we identified the
following insight statements. (1) addressing risk factor
modification and medication adherence is important; (2)
guidance during AF episodesisimportant, because the episodes
cause anxiety; (3) patients seek moreinformation and education
regarding AF, particularly regarding life after AF diagnosis; (4)
patients seek education on medications and need help with
medication adherence; (5) patients need to understand therapy
options; and (6) patients need peer support. We then converted
these insight statements into the following “how might we”
guestions (Textbox 1).

“How might we’ questions (patients)

“HMW use the Afib app for education after diagnosis of Afib?’
“HMW use the Afib app to manage my medications?’

o 0 o~ W NP

“HMW use the Afib app for community support?’

“How might we” questions (clinicians)

7. “HMW better educate patients using the Afib app?’

8. “HMW better communicate with patients using the Afib app?’

“HMW [how might we] use the Afib [atrial fibrillation] app to guide me in making lifestyle changes?’
“HMW use the Afib app to better guide me when | have symptoms of Afib?’

“HMW use the Afib app to help me better understand different options of care when living with Afib?’

https://humanfactors.jmir.org/2022/4/€38048
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Clinicians

We recruited 8 clinicians (including 2 women), although 2 of
the recruited clinicians were not available for the meeting due
to a schedule conflict. As described above, we combined
defining the problems (ie, empathizing) and ideating solutions
into 1 meeting for the clinicians. We identified the following
insight statements through affinity diagraming during the
session: (1) patient education isinadequate; (2) addressing AF
modifiable risk factors is a priority; and (3) remote AF
management and communication are needed.

We then constructed “how might we’ questions (Textbox 1)
based on these insight statements. Notably, insight statements
from patient and caregiver input were similar to the ones
generated by clinicians.

Step 2: 1deating Solutions

Patients

Patients selected the top 3 questions from Textbox 1 that they
felt were most desirable to address. The top questions selected
were questions 1, 2, and 5. The broad range of creative ideas
brainstormed by the patients, numbering more than 30, are
outlined in Multimedia Appendix 2.

Clinicians
The broad range of creative ideas brainstormed by clinicians,

numbering more than 20, are outlined in Multimedia Appendix
3.

Step 3. Individualized Virtual Onboarding (Patients
Only)

After one-on-one onboarding sessions with patients, we
identified several learning points to further streamline the
process for future studies. First, prior to connecting with the
patient via Zoom, the study team member should send an
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introductory email explaining to the patient what they need prior
to onboarding, including (1) their Apple ID and password or
Google Play 1D and password, (2) a stable Wi-Fi connection,
and (3) a smartphone or, idealy, another device (such as a
laptop, iPad, or computer) wherethey can watch an explanation
of the onboarding process by the study team member while
downloading the app to their phones and completing onboarding.
Second, there is a need for 2 versions of onboarding videos,
onefor individual swho are more comfortabl e using technol ogy
and the other for those who need more guidance, to streamline
the process while still addressing the needs of diverse
individuals. The video directed toward individuals who are
comfortable with technology should be brief and should only
show each feature and give one example of using that feature,
while the version directed toward individuals with low digital
literacy should review the details of how to open an email from
the study team and download the app, retrieve the passwords
needed for app installation, set up an automated login (if
desired), and give more than one example of using each feature
of the app. Third, the study team should be available for
guestions and technical support.

Step 4: Virtual Prototyping (Patients Only)

At the end of the ideation meeting, we asked patients to vote
on thetop 3ideasthat they felt were most desirableto prototype.
Table 1 shows the voting results.

Participants were then split into 3 groups, and the groups were
given the task of prototyping each feature. Models of working
prototypes were created with patient input for (1) providing
information about AF triggers (Multimedia Appendix 5), (2)
symptom and rhythm correlation for aerting the clinician team
and family while experiencing AF (Multimedia Appendix 6),
and (3) improved medication tracking (Multimedia Appendix
7.

Table 1. Patient choices on what to prototype and forming “what to prototype” statements.

What to prototype?

Patient choices from ideation session

AF2triggers

How to know you are having AF when you are or are not having symptoms;
how the app can guide you during an episode

Improved medication tracking

« Include information about AF triggers.

« Haveaway toknow if you are having AF when you do not recognize
symptoms, such as by providing heart rate and blood pressure. Have
afeatureto learn if afast heart rate isfrom AF or something else.

. Provide the ability to connect with clinicians, friends, or family via
the app when you have symptoms, to seeif they can help with the
decision on what to do next.

o Quicker connection to people, especially during night hours, to help
make decisions about next steps.

o Includeinformation on side effects of medications and what different
options are available.

« Include information on the effects of medications on lifestyle.

. Indicate what medication and dose to take, and provide a reminder
to take the medication at the correct time.

« Include pictures of the different medicationsto help recognize them.

AAF: atrial fibrilation.
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Step 5: Further Ranking

A second round of ranking identified patient education, peer
support, and clinician engagement in remote AF management
as viable, feasible, and desirable functionalities to incorporate
within the app. New or modified functionalities chosen to be
incorporated were aligned with the components of the Theory
of Health Behavior Change (Multimedia Appendix 4).

Steps 6 and 7: Engineering Work and Testing

Engineering and development are in progress to expand the
feature scope of the Corrie Afib app and the clinician dashboard
based on HCD. Featuresinclude an expanded library for tailored
AF education, risk factor tracking, rhythm monitoring for
potential triggers, symptom and rhythm correlation for better
therapeutic guidance, and community support (Multimedia
Appendix 4).

Timeline for each step of the design process is included in
Multimedia Appendix 8. Even after completion, this iterative
process will continue with feedback obtained from patients
enrolled in apilot study of 100 participants.

Discussion

Principal Findingsand Literature Review

In this exploratory co-design project, patients, their caregivers,
and cliniciansidentified salient challengesin AF care, including
inadequate education and guidance on AF management topics,
such aslifestyle changes and guideline-directed medical therapy,
inadequate resources to guide decision-making during an AF
episode, and poorly structured patient-clinician communication
during AF episodes. Similar qualitative and co-design
experiences have not yet been described for AF management,
but the challenges identified by our study participants overlap
with known gaps in AF care outlined in the literature. In line
with our participants’ identification of inadequate education
and guidance on AF management, there is evidence that a
significant proportion of individuals with AF have inadeguate
disease-specific  hedth literacy [26].  Furthermore,
anticoagul ation therapy, a core component of AF management
to prevent stroke, is only implemented in less than half of
individuals who are at high risk for stroke [25]. Significant
disparities in stroke prevention therapy also exist, as women
and Black individual s receive anticoagul ation therapy less often
than men and Whiteindividuals[24,27]. In addition, Black and
low-incomeindividualsarelesslikely to receive rhythm control
therapy, including catheter ablation [23]. Educating and
empowering patients regarding these core principles of AF
management, as suggested by the patients and clinicians, has
the potential to improve implementation of guideline-directed
therapies. We co-designed and coprototyped sol utions together
with patients, caregivers, and clinicians and identified top
features that will inform further development of AF DHIs to
address the identified challenges. Further feasibility of our AF
DHI will be assessed in a pilot study and, subsequently, in a
definitive clinical study to assess its efficacy in improving
quality of life and cardiovascular outcomes.

To date, HCD concepts have been applied inthe design of DHIs
for management of diseases including diabetes, heart failure,
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and metabolic syndrome [10,38,39]. A company speciaizing
in HCD was asked to design an app for Ascensia Diabetes Care
Holdings AG with the goal of educating and monitoring patients
with diabetes; however, a detailed description of the methods
isnot available[34]. Joshi et a [38] engaged 10 dietetic interns
to define problems, ideate, and prototype a mobile app for
patients with metabolic syndrome. While clinicians were
engaged in the design process, patient-level input, which is
critical to meeting the needs of end users, was missing. Zachari
et al [39] designed a diabetes self-management app using
participatory design, in which understanding patient challenges
through empathy was at the center of the design process;
however, clinician involvement was missing, as was the case
for the design of a heart failure digital tool [10]. Ahmed et a
[11] described an investigation targeting the need for
development of an integrated care platform for individualswith
neurodegenerative disease, incorporating feedback from patients,
clinicians, and other stakeholders with a mixed methods
approach; however, the ideation component of HCD was not
reported in that study. Given the limited literature on using
comprehensive methodologies to apply HCD principles
specifically to DHI design, we used this paper to summarize
our experience in developing an AF DHI and to outline our
design framework, iDesign, as an approach to HCD (Figure 1).
The iDesign framework is based on core HCD principles and
can be used as atemplate for investigators planning to develop
or optimize DHIs. Throughout the co-design process, we have
made a number of findings that will help promote an inclusive
design process and streamline the iDesign framework for future
innovative projects (Multimedia Appendix 9). Future study
teams may build on or modify individual components of the
iDesign process as deemed appropriate for particular scenarios.
The iDesign framework may serve as an overall guide for the
process of DHI development for disease management.

Limitations

First, while our study engaged a diverse group of patients,
caregivers, and clinicians in the co-design process, our sample
size was modest, and we may not have captured insights from
participants who do not speak English or have uncommon
backgrounds and experiences. However, our study included
participants from various backgrounds, and both the patients
and clinicians shared similar challenges and experiences,
suggesting that we attained inductive thematic saturation.
Furthermore, clinicians with years of experience caring for
patients with a rich array of backgrounds were engaged as
stakehol ders, which may have counterbalanced this limitation.
In a subsequent stage of testing the AF DHI, we will recruit a
larger sampl e size with broader representation to solicit further
feedback. Second, while the virtual co-design approach
facilitated inclusiveness by overcoming barriers such as
transportation or work schedules, a virtual environment may
not beideal for participants who have limited technology skills
or do not have accessto technology or theinternet. By engaging
patients with various levels of comfort with technology in our
design process, we learned the significance of the onboarding
process, in which skills can be taught to help overcome the
technology-literacy challenge. To overcome alack of accessto
technology and barrierstointernet access, we plan towork with
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local communities, aswell aspolicy makers, insurance agencies,
and other stakeholders to facilitate both design and further
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digita platform. We have extended our design process
experience and formulated a structured inclusive framework,

implementation of the DHI. iDesign, which stems from components of HCD, for informing
the development and optimization of DHIs. This framework
adds to the body of knowledge on approaches to HCD, is
flexible, and is transferable to the devel opment and adaptation

of DHIs.

Conclusions

We identified key recommendations from patients, caregivers,
and clinicians with diverse backgrounds that informed the
development of aDHI for AF management on the Corrie Health
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Abstract

Background: Diabetes self-management is crucia for patients with type 1 diabetes, and digital services can support their
self-management and facilitate flexible follow-up. The potential of using digital patient-reported outcome (PRO) measures in
routine outpatient care is not fully used owing to alack of adapted PRO measures.

Objective: Thisstudy presentsthe process of identifying and adapting adigital PRO measurefor usein clinical diabetes practice
and describes the preferred item topics of the adapted PRO measure, as reported by patients and diabetes specialist nurses.

Methods: With the involvement of patients, diabetes specialist nurses, management, and researchers, we hosted a series of
workshops and 2 dial ogue conferences. Scoping searchesto identify relevant PRO measures formed the foundation for the process.
Anin-person dialogue conference was conducted with diabetes specialist nurses as participants, and adigital dialogue conference
was conducted with patients with type 1 diabetes as participants. A diabetes-specific PRO measure was translated and adapted
to our digital platform. Notes and summaries from the dial ogue conferences were imported into NVivo (QSR International) and
thematically analyzed as a single combined data set.

Results: The thematic analysis of the 2 dialogue conferences aimed to explore the views of patients with type 1 diabetes and
diabetes specialist nurses on the outcomes necessary to measure. An overarching theme, Ensuring that the PRO measure captures
the patients needs precisely and accurately, in a way that facilitates care and communication with health care personnel, was
identified and supported with data from both the patients and diabetes specialist nurses. This theme contained four categories:
The need for explanatory text after questions to ensure understanding and accurate response, Capturing individual needs in
standardized questions, getting to the heart of the patient’s problem, and The questions increase patient reflection.

Conclusions: We successfully conducted an iterative process that identified a PRO measure aligned with the topics raised by
the diabetes specialist nurses. Similarly, the patients found the PRO measure to be relevant and one that was addressing their
needs. Only minor adjustments were necessary when programming the PRO measure in the digital platform. Our management,
patients, and diabetes specialist nurses had a valuable impact on the results. User involvement facilitated a specific focus on the

https://humanfactors.jmir.org/2022/4/e38678 JMIR Hum Factors 2022 | vol. 9 | iss. 4 | €38678 | p.56
(page number not for citation purposes)


mailto:heidi.holmen@oslomet.no
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Holmen et d

clinical requests to be met by PRO measures and how they must be adapted to local and digital platforms. Overall, this has
facilitated the current implementation of the adapted digital PRO measure.

(JMIR Hum Factors 2022;9(4):€38678) doi:10.2196/38678
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Introduction

Background

Approximately 10% of the 463 million people with diabetes
havetype 1[1], placing anincreasing strain on limited resources
in the health care service. Diabetes self-management is crucial
to live a hedthy life, attending to the following treatment
cornerstones: what one eats, how one exercises, and medication
and blood glucose to prevent complications [2]. In addition to
microvascular and macrovascular complications, diabetes can
be associated with psychological problems such as diabetes
distress [3], anxiety [4], and depression [5]. Although
self-management is a continuous affair [6], the knowledge
needed to self-manage can increase stress. For example, asthe
patients become more knowledgeable, their fear of late
complications and long-term consequences may compromise
quality of life[7]. Altogether, the complex demands of diabetes
are a burden on the patient and health care services. Patients
with type 1 diabetes are usually offered diabetes follow-up
organized through diabetesteamsin hospital outpatient services
[8,9]. Attitudes toward diabetes care have evolved from
compliance thinking toward the support of patients active in
their diabetes self-management [2]. In addition, the advancement
of medica equipment for insulin delivery and glucose
management has evolved with insulin pumps and continuous
glucose monitoring systems, which forms new demands to the
delivery of health services. However, the organization of health
services, with fixed consultations at suboptimal or inconvenient
times for patients, often hinders this evolution in routine care
[2]. Failure to attend scheduled outpatient appointments is an
increasing problem among patients with type 1 diabetesand is
associated with both suboptimal diabetes care and
nonsustainable economic loss [10]. Combining the focus on
objective clinical parameters such as hemoglobin Alc (HbA,.)
level, time in range, and similar parameters with subjective
experiences of the symptom and treatment burden of patients
could reduce the psychosocia strain of type 1 diabetes[2-5,7].

A subjectiveor self-reported measure is often labeled
as patient-reported outcome (PRO), defined as “any report of
the patient’s health condition that comes directly from the
patient, without interpretation of the patient’s response by a
clinician or anyone else” [11]. PRO measures are measures or
methods used to gather these patient reports. This is
complementary to objective measures such as blood pressure,
height, weight, or various blood measures. The use of PRO
measures is suggested to support communication between
patients and health care personnel (HCP) and to individualize
the provided hedth care, for instance, in an outpatient
consultation [12-14].

https://humanfactors.jmir.org/2022/4/e38678

Despite the recent clinical uptake of PRO measures, thereis a
paucity of systematic reviews of PRO measuresin diabetes care,
and the evidence base largely comprises primary studies. Studies
investigating the use of PRO measures to guide outpatient
consultationsfor patients with type 1 diabetesindicates both its
usefulness for guiding consultations [15] and its perceived
relevance [16]. In addition, from the perspective of HCR,
organizational aspects such astime, training, and facilities of a
preconsultation PRO measure must be accounted for in any
clinical use of PRO measures[17]. Furthermore, ageneric PRO
system called AmbuFlex has been apioneer in flexiblefollow-up
and the use of PRO measuresto assess the need for consultations
[18,19]. Patientsin AmbuFlex are sent a digital PRO measure
2 weeks bhefore a scheduled consultation to assess their
prioritized need for follow-up. Thetiming, duration, and content
of consultations can be tailored to the individua needs and
priorities of the patients. The goal is to get patients engaged in
their own self-management, treatment, and need for health care
as a support for chronic illness self-management [20]. HCP
using AmbuFlex refer to both advantages and disadvantages of
digital PRO measures [21]. AmbuFlex has recently been
evaluated for patientswith type 1 diabetes (DiabetesFlex version
1 containing 45 items), where it maintained safe diabetes
management, improved well-being, and decreased the need for
face-to-face visits [22,23]. Complementary to these findings,
an analysis of preconsultation PRO measures shows that HCP,
on one hand, need training to interpret patient responses [24].
In contrast, patients val ue the opportunity to add free-text details
to their answers[24]. Furthermore, the subjective PRO measures
must complement the objective clinical measures of diabetes
self-management [25]. PRO measuresin routine diabetes visits
can be feasible and acceptable among patients and HCP [26].

Thus, the increased use of PRO measures in clinical practice
can facilitate user involvement; however, research is scarce
[12]. A recent review highlighted the importance of involving
users and other stakeholders in the development of PRO
measures and subsequent implementation and transformation
of clinical services [14]. It adds to previous literature
emphasizing how both patients and HCP's preferences for
relevant measures should be considered [27]. There is moreto
alifewith diabetesthan HbA ., and psychosocial outcomesare
crucia asthey are often associated with glycemic control [28].
Pragmatic studies investigating opportunities for the
development and implementation of more user-oriented health
services have real potential to improve services [14,23].

Implementation of PRO measures in routine care for type 1
diabetes complies well with the overarching responsibility for
diabetes self-management within complex diabetes care. Health
services need to move toward a service built upon the needs of
and requests from patients and not those from the health service
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to enhance the support of patient self-management.
Implementing PRO measures can facilitate this change, and if
they are developed and tail ored together with users, we believe
that actual change can be seen.

Aims and Objectives

We present the process of identifying and adapting a digital
PRO measure for usein clinical diabetes practice and describe
the preferred item topics of the adapted PRO measure, as
reported by patients and diabetes specialist nurses.

Methods

Dialogue Conference M ethodol ogy

Dialogue conferences are useful for sharing and gathering
reflections that will have consequences for the invited
participants. The suggested aim of dialogue conferences is to
act as an arena for communication, where a broad range of
participants can be mobilized [29]. In our study, the relevant
participants were patients, diabetes specialist nurses,

Holmen et d

management, and researchers. Our intention was to conduct a
series of dialogue conferences with all participants at the same
time. Owing to the COVID-19 pandemic, we adapted our
methodological processand conducted both in-person and digital
conferences. Thus, the participants were invited on separate
occasions; diabetes specialist nurseswereinvited to anin-person
session, and patients were invited to a separate digital session.
The digital sessions were hosted on Whereby (Whereby) [30],
the platform used for treatment consultations and thus familiar
to the patients. The research team and management of this study
worked iteratively with the material throughout the study. The
overall aim of the dialogue conferences was to enable all users
to be active partnersto facilitate the adaptation of adigital PRO
measure in their health service.

Overall Design

This study was founded in a collaboration among management,
clinicians, and researchers, with acommon aim of implementing
adigital PRO measure with clinical relevance for patients with
type 1 diabetes at aspecialized outpatient service. The stepwise
methodological outline for this study is presented in Figure 1.

Figure 1. Processto identify, evaluate and adapt a set of patient-reported outcome measures for digital clinical implementation.
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Usability test of the digital PRO measure

[ An adapted digital PRO measure for clinical implementation

Participants

In total, four groups of users were included in the current
process. management, researchers, diabetes specialist nurses,
and patients. All invited participants accepted their invitation.

Management included 2 individuals, 1 (50%) trained as a
diabetes specialist nurse holding a leadership position and 1
(50%) trained as a nurse holding a strategic position in
organization development. Both had a Master’s degree.
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The researchers comprised a group affiliated with a university
and a group affiliated with a university hospital in full-time or
part-timeclinical positions. All but oneresearcher werewomen
(4/5, 80%). Of the 5 researchers, 2 (40%) wereformerly trained
asnurses, 1 (20%) was formerly trained as a diabetes specialist
nurse, and 2 (40%) were physicians. All of them (5/5, 100%)
had a clinical background in their field and a PhD.

At the outpatient clinic, 5 diabetes specialist nurses are
employed. All (5/5, 100%) were invited to participate in the
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dialogue conference, but only 80% (4/5) of them could attend.
Thus, 4 femal e diabetes nurses with arange of 5 to 15 years of
experience with patients with diabetes participated in the study.

Patient participants were recruited through convenience
sampling and apersonal invitation by a diabetes specialist nurse
at the outpatient clinic. The patients comprised a group of 8
adults (n=2, 25% men and n=6, 75% women), with age ranging
from early twenties to late seventies. Their ethnic backgrounds
were from Europe and Asia. Their duration of diabetes ranged
from 6 to 60 years, and they had a variety of experiences with
treatment regimes, including multipledaily injections of insulin,
daily injections of long-acting insulins, and insulin infusion
pumps with atube and those without atube (such asthe tubeless
OmniPod). For self-monitoring of blood glucose, the participants
shared their experiences with finger prick and various systems
for continuous glucose monitoring and flash glucose monitoring.

Scoping Searchesto | dentify Relevant PRO M easures

To identify relevant PRO measures, we conducted systematic
and exploratory searches to obtain an overview [31]. An
example of the search is available in Multimedia Appendix 1.
Overdll, two researchers (HH and AT) independently assessed
the citations and included those of relevance before they were
discussed with the research team. Data extraction was conducted
according toan apriori set of criteriaincluding author and year
of publication, name of the instrument, author and year of the
development or validation of the instrument, aim of the
instrument, number of items, availability of the PRO measure
in Norwegian or another Scandinavian language, whether it had
open access or waslicensed, any experiencesfromuseinclinical
practice or research, and other comments regarding the
instrument.

Analysis of the Dialogue Conferences

The dialogue conferences were not recorded, but notes were
taken consecutively by 2 designated researchers at the dialogue
conference with the diabetes specialist nurses, and 3 designated
researchers took notes at the dialogue conference with the
patients. These notes were imported into NVivo (QSR
International) for storage and analysis. Thematic analysis, as
described by Braun and Clarke [32,33], was applied as it is a
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widely adopted method for qualitative analysis and suggested
to be an accessible approach for researchers. It consists of six
phases: (1) familiarizing yourself with your data, (2) generating
initial codes, (3) searching for themes, (4) reviewing themes,
(5) defining and naming themes, and (6) producing the report
[32]. Notes from the abovementioned dialogue conferences
provided the data for thematic analysis. The initial categories
were discussed by the research group until consensus was
reached, and the joint discussion led to the overall theme
reflecting the content and meaning of the categories.

Usability Testing of the Digital PRO M easure and
Digital Platform

The patient participants, management, and researchers were
granted access to a test platform in which the tailored digital
PRO measure was programed, with the opportunity to test the
usability of the software system and items. They were asked to
evaluate the PRO measure items, content, readability, interface,
and usability and to provide feedback through the chat function
in the software program. These findings are presented
descriptively in the Results section.

Ethics Approval

The ingtitutional local data protection officer approved the
project (19/06920). All participants received written and oral
information regarding the project and its aim, and informed
consent was obtained from all participants.

Results

Results From the Scoping Sear ches

We identified 68 unique PRO measures aiming to address
diabetes-specific outcomes. In a research workshop, the list of
68 PRO measureswas reduced to aninitial shortlist of 10 (15%)
and further reduced to 5 (7%) PRO measures relevant for type
1 diabetes [22,34-37]. The main reason for exclusion was PRO
measures addressing outcomes irrelevant for type 1 diabetes.
The 7% (5/68) of the shortlisted PRO measures are listed in
Table 1 along with their characteristics. These were presented
at the diabetes specialist nurses dialogue conference.
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Table 1. Shortlist of PRO® measures (n=5; alphabetically ordered).
Study (author, Country Name of the PRO  Aim of the PRO Number of items Available lan- Licensed Usedinclini-
year) measure measure guages cal practice
Jensen et a Denmark DiabetesFlex ver-  To assess psychoso-  Maximum=45 Danish No Yes
[22], 2020 sion1 cia and physical (items are respon-
symptoms and sive, and questions
prepareand focus € reduced or added
the conversation be-  P@sed ontherespons-
tween the patient es)
and health care per-
sonnel
Brod et al Denmark DiabetesMedica-  To measurediabetes 23 English, Danish, Yes Yes
[35], 2006 tion Satisfaction treatment satisfac- Norwegian, and
(Diab-Med-Sat) tion, applicable to a many more
wide range of dia-
betes therapies
Gold et a United King- Gold To assess hypo- 1 English, Norwe- No Yes
[37], 1994 dom glycemia awareness gian, and many
more
Carltonetal  United King- Health and Self- To measuretheim- 8 English No No
[36], 2017 dom managementinDi-  pact of self-manage-
abetes-10 (HAS-  ment in diabetes
MID)
Alvarado- Spain Vidacon Diabetes To measure health- 34 Spanishand En-  No No
Martel et al tipo 1 (ViDal) related quality of life glish
[34], 2017 in patients with type
1 diabetes

3PRO: patient-reported outcome.

Results From the Initial Researcher Workshops

In preparation for the dial ogue conferences and summary work
after the conferences, a series of workshops was conducted
among the management and researchers. In preparation for the
first series of workshops, the findings from the scoping searches
were systematized by HH and AT in a Microsoft Excel file
containing the name of the instrument, author and year of
publication, where theinstrument wasidentified, whether it was
used in Norway, availability in Norwegian, whether it was used
in research or clinically, aim of the instrument, and who made
the original development. The extracted data were sent to the
research team. In total, 2 videoconference workshops were
conducted, aiming to reduce the number of relevant PRO
measures and form ashortlist of instruments before the diabetes
specialist nurse dialogue conference. Between these 2
workshops, the researchers and management reviewed alist of
identified diabetes-specific PRO measures and noted their
comments on the PRO measure and its characteristics as
extracted. Each member commented according to their
individual thoughts of relevance as a preparation for joint
discussion. A new series of workshops among the researchers
was conducted to summarize the data gathered in the first
dialogue conference and to prepare PRO measures to discuss
with patients during a new dialogue conference.

Summary of Diabetes Specialist Nurses Dialogue
Conference to Explore and Evaluate PRO Measures

The dialogue conference with the diabetes specialist nurses
opened with the opportunity to freely discuss their views on

https://humanfactors.jmir.org/2022/4/e38678

diabetes care today, whether and how digital service may be
useful, opportunities with electronic health records, and how
these may provide inspiration for future services.

Post-it notes were used to scribble ideas for specific items or
guestions that they regarded as crucial to gather information
on. The diabetes specialist nurses were concerned that the
information gathered using a PRO measure is designed for
self-reporting by the patient. Where patients are responsible to
self-report their current situation and needs, the nurses were
afraid that they would miss out on an opportunity to detect
something that the patient would have left out from their
self-report—intentionally or unintentionally. A nurse simply
said, “ we need the obvious,” without adding detailsto what the
ohviousare. They initially discussed detailsregarding glycemic
control more than other aspects of diabetes; however, after some
time, the discussion shifted. After discussing the details
regarding hypoglycemic events, stability or lack thereof in
HbA . level, treatment regime, technical equipment, injection
technique, time in range, and any fluctuationsin blood glucose
that patients cannot explain, there seemed to be a gradual shift
toward the more psychosocial aspects of diabetes. The diabetes
specialist nurses emphasized that there is more to life than
diabetes, and, sometimes, the treatment regime should be
adjusted because thereisjust too much going on. Obtaining this
knowledge through items with fixed responses may be
challenging, and free text was suggested as valuable.

Whentheinitial open discussion ended, ashort break wastaken
beforethe 5 PRO measures presented in Table 1 were discussed.
Overdll, the diabetes specialist nurses reported that all the
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presented PRO measures had some relevant items. They were
familiar with the 1-item PRO measure addressing hypoglycemia
in plain language—"Do you know when your hypos are
commencing?’ answered on a7-point Likert scaleranging from
1 (always aware) to 7 (never aware), developed by Gold et al
[37], and found it useful. However, in addition to this item on
hypoglycemia awareness, the overall impression was of the
negative framing of the items, asking about how troublesome
or problematic the aspects of diabetes treatment were. Having
diabetesis obvioudly life-changing, but not something that can
be removed. Asking about what is normal was aso perceived
as problematic by the diabetes specialist nurses because normal
can mean many things. Furthermore, they questioned the
relevance of items on mood and discussed the importance of
asking patients about parts of their treatment that they could
offer some guidance on. The majority of the diabetes specialist
nurseswerein favor of the diabetes-specific questions. Overall,
items on hypoglycemia, support, control, and social activities
were considered as important. The DiabetesH ex questionnaire
version 1[22] covered much of what had already been discussed
as necessary and was perceived as relevant and more positively
framed; however, some cultural adaptation from Danish to
Norwegian would increase its relevance.

Results From the Resear cher Wor kshops Between the
Dialogue Conferences

After the nurses’ dialogue conference, the researchers met to
summarize and plan for the next step. Relevant topics, themes,
and items were collected based on the input and notes from the
diabetes specialist nurses, and 56 item topics were identified
(Multimedia Appendix 1). Theseitem topics were presented to
the management and researchersin aworkshop, and as aresult
we found that Diabetes Flex [22] covered most of these item
topicsin afavorable manner. The decision to go forth with the
Diabetes Flex was presented and discussed in the clinic, and
mutual agreement was reached among the researchers and
clinical staff to concentrate on the items in the DiabetesH ex.
Being aresult of many years of collaboration among researchers,
patients, and HCP [22,23], it was particularly regarded as
clinicaly relevant. At this point, researcher ALJ was not
participating in these discussions or the decision to move
forward with a Norwegian adaptation of DiabetesFlex; rather,
she was consulted afterward. As the research team behind
DiabetesFlex had revised version 1 (45 items) and version 2
was available, we concentrated on the latter with 69 items. The
overlap with our identified items and desired framing of
guestions served as a confirmation of relevance (Multimedia
Appendix 1).

The authors, TS and NMW, drafted the first trandation of the
DiabetesFlex questionnaire version 2, and AT, LR, and HH
reviewed and revised the trandation. Items already translated
into Norwegian, such as the World Health Organization-5
(WHO-5), wereidentified and used. Thefinal translation of the
remaining items that were not previously translated was
discussed with researchersand cliniciansbefore it was presented
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to ALJ, who participated in the Danish development and testing
of the DiabetesH ex.

Summary of Patient Dialogue Conference to Explore
and Evaluate PRO Measures

The Norwegian trandation of the DiabetesFlex questionnaire
was distributed to patients who had signed up for a digital
dialogue conference. The patients received two files: one file
with the mandatory annual consultation questionnaire containing
66 items and one with the optional consultation questionnaire
containing 37 items. There is an overlap between the 2
guestionnaires (Multimedia Appendix 1). The digital dialogue
conference was hosted with 8 patients, 4 members of the
research team, and 1 observer from the learning and mastery
center at the hospital. In short, the patients felt that the items
covered their needs and were adequately framed and easy to
understand, but they were numerous and seemed somewhat too
much to handle at first glance. The patients also added some
reflectionsregarding lifein general. A patient said thefollowing:

If life is hard at the moment, it is not necessarily a
bad idea to discuss this.

However, another patient suggested that diabetes should be the
only focus of the questions.

Results From Thematic Analysis of Dialogue
Conferences

Overview

In the following section, the combined thematic analysis of the
2 dialogue conferences is presented, along with a descriptive
summary of the usability test of the adapted digital PRO
measure. The aim of the 2 dialogue conferences wasto explore
the outcomes necessary to measure in type 1 diabetes and to
assessa set of PRO measures. Both the diabetes specialist nurses
and patients referred to some tacit knowledge when they
discussed the relevance of questions, what to add, and what to
delete. The thematic analysis[32] of the notes taken during the
2 conferencesresulted in 4 categories (Textbox 1). Thesereflect
the shared opinions among the patients and nurses on what a
clinical PRO measure for diabetes must address to be relevant
for all stakeholders. Through discussionsamong the researchers,
an overall theme emerged from the 4 categories. Ensuring that
the PRO measure captures the patients’ needs precisely and
accurately, in a way that facilitates care and communication
with HCP.

The theme, Ensuring that the PRO measure captures the
patients’ needs precisely and accurately, in away that facilitates
care and communication with HCP, has four categories: Need
for explanatory text after questions to ensure understanding
and accurate response, Capturing individual needs in
standardized questions, getting to the heart of the patient’'s
problem, and The questionsincrease patient reflection, shedding
light on the content and purpose as experienced by diabetes
specialist nurses and patients with diabetes (Textbox 1).
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Textbox 1. Theme and categories obtained from the thematic analysis of the dialogue conferences.

Theme

.  Ensuring that the patient-reported outcome measure captures the patients' needs precisely and accurately, in a way that facilitates care and

communication with health care personnel

Categories

« Need for explanatory text after questions to ensure understanding and accurate response

«  Capturing individua needsin standardized questions
o Getting to the heart of the patient’s problem

«  Thequestionsincrease patient reflection

Need for Explanatory Text After Questionsto Ensure
Understanding and Accurate Response

Both the diabetes specialist nurses and patients highlighted the
need for questions that were immediately understood and the
need to explain in detail about what was asked for. An example
could beto explain where the patients can find their HbA ;. level
or what is meant by time in range. Explanatory text could also
appear after the patient had given their response, to provide
some immediate guidance to self-manage or link to help pages
or other relevant sources. For example, if they indicated severe
symptoms, such as chest pain or trouble breathing, text with
information regarding emergency health services should appear,
emphasizing the need to contact these services.

Hypoglycemia was raised as a frequent and important topic to
address. However, when a patient feel sahypoglycemic episode
commencing and the blood glucose values differ from one
person to another. To address the burden of hypoglycemia, the
patient participants suggested to simply ask if hypoglycemia
was experienced as a problem, and thus to replace phrases such
as “How often do you experience hypoglycemia with a blood
glucose reading at 3.9 mmol/mol or lower?’

Some questions should have had some context added to their
explanation, as they could be challenging to interpret and
answer. Some patients had comorbidities that affected their
health more than diabetes, and some clarification was requested,
such as for questions asking to assess pain that should specify
whether a response should be related to their general health or
their health related to type 1 diabetes.

Capturing Individual Needs in Standardized Questions

The diabetes specialist nurses highlighted their need to apply a
holistic care perspective. A nurse said the following:

We cannot help if we cannot see the whole person.

Individual patients have unique needs, preferences, and beliefs,
and a nurse mentioned an example of patients being on each
side of a scale, where one may be totaly ignorant of their
disease, whereas the other is extremely frightened of late
complications and fear that they will lose their eyesight
tomorrow. Patients suggested that the opportunity to add their
own text after some standardized questions could alow for their
individual needs to be explained:

https://humanfactors.jmir.org/2022/4/e38678

If you really want to know how we are doing, you
have to add a free-text field.

Another patient also suggested the need for free text related to
situations in which the given response interval would not fit
their response, for example, where they wanted to answer
between 2 boxes.

Similarly, the diabetes specialist nurses discussed | etting patients
add information in free-text fields, but they were concerned
about whether patients were able to recognize their needs and
put these needs into words. They were skeptical about
self-reporting as they had experiences with faulty self-reports,
both intentionally by providing blood glucose readings that
seemed better than they actually were or unintentionally, such
asrecall bias, where patients suggested that they had nocturnal
hypoglycemic episodes, whereas it had only been the previous
night.

Getting to the Heart of the Patient’s Problem

The diabetes specialist nurses were not concerned about the
number of questions. Especialy, if there were boxes to tick or
intervals to indicate, for example, units of insulin taken, the
questionnaire would be rather quick to complete. They worried
more about whether patientswere ableto indicate their problems
by using afree-text field. Again, patients suggested that free-text
fieldshad to be an option if HCP wereto get to the heart of their
problems. The patientsfelt that the questionnaire they had been
presented was dlightly lengthy, with 69 items, but they agreed
that the topics wererelevant and necessary. A patient also asked
whether some of the questions could be responsive; that is, if
you indicate having symptoms, a list will appear, but if you
indicate no symptoms, you are spared from having to look at
thelist of symptoms.

Patients also acknowledged the questions asking about their
worry or how often they think about diabetes-related problems
or challenges. These topics were appreciated by the patients
more than those asking about their quality of life. A patient said
the following:

Some of these questions...being worried is one of the
things that makes us tired. Very relevant question,
this must be included. Veery important question.

The Questions I ncrease Patient Reflection

Patients stated through the dialogue conference that their
thoughts had begun to wander as they read the questions they
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had been sent in preparation. A patient said that the questions
made her reflect upon her daily life and the choices she made.
Another patient added some arguments and said that it had
increased the motivation to obtain more knowledge and to abtain
an HbA,. level measurement more often. Furthermore, the

questions regarding symptoms and late complications also
prompted reflections among the patients, and, although it was
brutal, a patient said the following:

This became a hit serious question, very important
for reflection, to think through. Thisisthe problematic
side of the disease. Can stand exactly asit does.

Similarly, the diabetes specialist nurses suggested that some
topics were not necessarily important for them to know about,
such as whether patients needed their prescriptions filled or
whether they had attended their eye examination, but they could
act as areminder for the patients.

Usability Testing of the Digital PRO M easure and
Platform

Patient participants (8/8, 100%), HCP (5/5, 100%), management
(2/2, 100%), and researchers (5/5, 100%) were granted access
to atest platform for usability testing. Input was accounted for
in the process of tailoring the DiabetesFlex questionnaire to fit
in a Norwegian digital platform. Responses were provided by
75% (6/8) of the invited patients who had participated in the
previous dialogue conference, 60% (3/5) of the researchers,
100% (2/2) of the management representatives, and 100% (5/5)
of the HCP. Responses included comments in favor of the
free-text fields, that the items covered all necessary aspects of
a life with type 1 diabetes, and that the inclusion of items
covering areas they normally would not addressin atraditional
consultation was valued. Moretechnical responsestargeted the
platform and covered feedback on items that obviously should
not be mandatory, such as problems with erections that had to
be answered by femal e respondents because of adefault function
in the digital system making al questions mandatory.
Furthermore, if one missed a question, they would not
automatically be sent back to that specific question; rather, they
had to skim through all the questions to find the blank one and
give their response.

Revisions of the PRO M easure

The PRO measure was revised according to feedback from the
patients before the usability testing and after the usability testing,
before clinical implementation. Most revisionswere the addition
of explanatory text to theitems. For instance, in thefirst version,
the patients were asked to report their HbA ;. level, and in the
revised version, text was added to explain which value they
should report: “What isyour last HbA ;. (Last HbA ;. measured
at any doctor’s office within thelast 6 weeks).” Similarly, when
asking for the mean blood glucose level for the past 2 weeks,
explanatory text was added to guide the patients to find and
report the right value. Finally, we added an item asking the
patients to specify the date on which the HbA,. level was

determined.
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Discussion

Principal Findings

In this study, we intended to obtain deep insight into patients
and diabetes specialist nurses' requirements regarding PRO
measures in diabetes type 1. Moreover, we aimed to explore
how these requirements would transfer to a digital platform.
Specifically, we wanted to identify and adapt a PRO measure
that would meet the requirements and be suitable for digital
reporting and interpretation.

The results of our iterative process led to the identification of
an overall theme describing the demands of patientsand diabetes
specialist nurses: Ensuring that the PRO measure captures the
patients’ needs precisely and accurately, in away that facilitates
care and communication with HCP. The patients and diabetes
specidist nurses showed great consistency when they spoke
about their needs and demands. Both groups acknowledged the
importance of glycemic control and the need to report details
of blood glucose, hypoglycemia, and insulin regime. Both
groups talked about the need to report how things really are,
beyond numbers. Similarly, both groups mentioned problematic
aspects of standardized questions, particularly relevant because
diabetes type 1 can be very different from person to person
[2-7]. Consistent with previous studies [15,17,24,25], our
participants highlighted theimportance of asking understandable
guestions, explaining them in detail if necessary, and adding
open-text fields for patients to elaborate and aid an increased
understanding of the patient’s situation. Neither group reflected
on the lack of age-adjusted PRO measures. However, making
the items responsive of preceding reports were mentioned as
favorable. This allows for some adjustments in the items the
patient is presented with, based on their needs or characteristics.

The diabetes specialist nurseswere concerned about the patients
ability to put their needs into written words. In contrast, the
patients were concerned about not having the opportunity to
use their own words to describe a problem. This highlights the
challenge of how needs can be communicated through aformat
that is different from conversation. However, if a PRO measure
report isoutside the antici pated threshol ds, adialogue with HCP
will have to occur and the patient will have an opportunity to
elaborate [23]. However, both groups regarded PRO measures
asrelevant in prompting reflection among patients. Standardized
items can address topics that the patient would not think about
asrelevant for their diabetes [24-26]. In this way, patients can
become more knowledgeable about their disease, its signs and
symptoms, and steps necessary for self-management through
their digital self-report [20]. Although digital platforms for
diabetes self-management support have been used for some
time [38,39], there are few studies investigating how digital
PRO measures can be used to assess and prioritize the need for
contact with diabetes outpatient services[40,41]. Furthermore,
the challenges associated with digital PRO measuresin clinical
care are the same in digital mode as when using paper. Our
diabetes specialist nurses had some concerns about the risks of
using digital PRO measures to assess and prioritize patients
need for follow-up. Thus, the PRO measures have to ask for
the most relevant aspects of the disease, treatment, and
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self-management [24-26]. In addition, the risk of self-report
bias is not to be underestimated, both for overreporting and
underreporting of symptoms[42]. Similarly, the threat of recall
bias must be accounted for in the decisions on how frequently
a PRO measure should be distributed to the patient. These
factors can greatly influence the decisions made by HCP [24,26].
However, besidestherisk of not asking for essential information,
neither diabetes specialist nurses nor patients reflected on the
practical interpretation of the patient report and the
consequences the interpretation has for the patient treatment.
The standardization of items may facilitate easy interpretation
by the diabetes specialist nurses and explain why free text is
seldom used in clinical PRO measures [43]. In addition,
standardized questions may seem more relevant, prompting
relevant disease actions among both HCP and patients, thus
facilitating self-management and further use of digital PRO
measures. Future studies should investigate how the PRO
measures can prompt self-management and their associations
with interpretations and treatment by HCP.

Most PRO measures that we identified were developed to act
as outcomes in intervention studies and not to tailor clinical
patient care. Thislack of clinically relevant PRO measures that
are easy to administer has been discussed previoudly [14]. Thus,
the diabetes specialist nursesdid not immediately seetheclinical
value of all the PRO measures. For example, the nursesworried
that the PRO measurewould reveal or address problematic areas
in which they could not offer any treatment or follow-up.
Furthermore, some of the PRO measuresthat weidentified were
found by the diabetes specialist nursesto be negatively framed,
long, asking irrelevant questions, and not considering any
subjectiveinput (eg, through open-text fields). Digital platforms
can, to an extent, offer more dynamic PRO measures that are
tailored to the patient’s characteristics, for example, their age,
treatment, or challenges. However, more studies have to
investigate the reliability of such dynamic alternations. With
the current pandemic and potential shortage of HCP, new digital
and dynamic methods to assess patient needs are warranted,
and only few PRO measures relevant for clinical applicationin
diabetes exist.

In our study, we aimed to adapt a PRO measure for digital,
clinical use. When developing such new processes of care for
implementation, both patient and HCP perspectives must be
addressed [15,17,21,24,26]. Often, lack of personal motivation
or engagement and low quality of the digital platforms are
hindering implementation [44]. Furthermore, ease of use has
been described as an important facilitator for digital
interventions, and lack of exposure to or knowledge of digital
interventions is considered as the most important barrier [45].
Through our early involvement of stakeholdersfrom all levels,
we have tried to prevent these barriers. Although user
involvement can be time consuming and resource demanding,
itisvaluable asit addresses all stakeholder perspectivesin the
early development [25,45]. Our 2 dialogue conferences and the
inclusion of usersin the final usability test have contributed to
the likelihood of implementing a relevant and useful PRO
measure in adigital platform that is useful and easy to engage
with [45]. Interestingly, we found that patient engagement was
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easy to pursue using adigital platform for communication and
interaction, and the number of patients willing to participate
was higher than that for our in-person meetings. The extent of
this positive impact on recruitment should be investigated in
future studies to facilitate increased user involvement.

Limitations

Our study has some limitations, particularly related to our user
participants. We had no family members and other HCP besides
diabetes specialist nurses, and we did not have the opportunity
to gather all usersin 1 meeting at the same time, which may
have reduced the potential for valuable input, as we did not
manage to facilitate joint discussions among use groups.
However, we had a heterogeneous sample of patient
representatives, ensuring awidth in our input. Furthermore, we
included the patient users later in the process than preferred.
We acknowledge that early involvement of patients could have
affected our results. We could have pursued the inclusion of
more patient groups, but we were able to accomplish tailoring
and adapting a PRO measure to a digital platform through
va uable feedback. Our patients can be biased and more engaged
in digital platforms than the average patient, and thus more
capable of understanding the questions. During the recruitment
of patients, we strived to obtain aheterogeneous group in terms
of age, gender, and ethnicity. However, selection bias is a
well-known challenge, and we acknowledge that our users can
be a more well-functioning group, consistent with previous
studies [24,25]. Our study was conducted in a Scandinavian
country, adapting a Scandinavian PRO measure, and the PRO
measures’ relevance for other areas has not been addressed.
Future studies should pursue adaptation in other countries to
assess its relevance. Regarding the inclusion of other HCP, we
consider diabetes specialist nurses asthe most important group,
as they are the first responders and those who are closest to
patients through the current organizational structure. Thus, we
believe that their engagement and response are of utmost
importance, with specific impacts on the adapted PRO measure.

The chosen PRO measure contains acombination of previously
validated measures and items, in addition to some self-developed
ones. These have not been validated in combination, and we
did not pursue to validate the adapted PRO measure in this
study. Thiswould be important to address in future studies.

Conclusions

We have shown how a process aiming to identify and adapt a
PRO measureinto adigital platformfor clinical usein adiabetes
outpatient clinic has been conducted. The involvement of
management, patients, and diabetes specialist nurses had a
valuable impact on our results. This process has been crucia
in facilitating the forthcoming implementation success, as our
stakeholders have contributed to a digital PRO measure that
addresses relevant topics and is used in a user-friendly digital
platform. Allowing user involvement using digital platforms
was also found to be a favorable method, as it increased
attendance beyond expectations. We anti cipate positive outcome
from our digital PRO measure because we ensured user
involvement of highly invested stakeholders, thus ensuring the
relevance of our PRO measure.
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Abstract

Background: Chatbots are computer programs that present a conversation-like interface through which people can access
information and services. The COVID-19 pandemic has driven a substantial increase in the use of chatbots to support and
complement traditional health care systems. However, despite the uptake in their use, evidence to support the development and
deployment of chatbotsin public health remainslimited. Recent reviews have focused on the use of chatbots during the COVID-19
pandemic and the use of conversational agentsin health care more generally. This paper complements this research and addresses
agap in the literature by assessing the breadth and scope of research evidence for the use of chatbots across the domain of public
health.

Objective: This scoping review had 3 main objectives: (1) to identify the application domains in public health in which there
isthe most evidence for the development and use of chatbots; (2) to identify the types of chatbots that are being deployed in these
domains; and (3) to ascertain the methods and methodol ogies by which chatbots are being evaluated in public health applications.
This paper explored the implications for future research on the devel opment and deployment of chatbotsin public health in light
of the analysis of the evidence for their use.

Methods: Following the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews) guidelines for scoping reviews, relevant studies were identified through searches conducted in the MEDLINE,
PubMed, Scopus, Cochrane Central Register of Controlled Trials, IEEE Xplore, ACM Digital Library, and Open Grey databases
from mid-Juneto August 2021. Studieswereincluded if they used or evaluated chatbotsfor the purpose of prevention or intervention
and for which the evidence showed a demonstrable health impact.

Results:  Of the 1506 studies identified, 32 were included in the review. The results show a substantial increase in the interest
of chatbots in the past few years, shortly before the pandemic. Half (16/32, 50%) of the research evaluated chatbots applied to
mental health or COVID-19. The studies suggest promise in the application of chatbots, especialy to easily automated and
repetitive tasks, but overall, the evidence for the efficacy of chatbots for prevention and intervention across all domainsislimited
at present.

Conclusions: More research is needed to fully understand the effectiveness of using chatbots in public health. Concerns with
theclinical, legal, and ethical aspects of the use of chatbotsfor health care are well founded given the speed with which they have
been adopted in practice. Future research on their use should address these concerns through the devel opment of expertise and
best practices specific to public health, including a greater focus on user experience.

(JMIR Hum Factors 2022;9(4):€35882) doi:10.2196/35882

KEYWORDS

chatbots; conversational agents; public health; evidence; scoping review; health care system; chatbot devel opment; digital health;
mental health; health technology; COVID-19; pandemic; chatbot application
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Introduction

Sundar Pichai, the chief executive officer of Google, expressed
in a recent interview his view that artificial intelligence (Al)
will have amore profound impact on humanity than the advent
of fire, the internet, or electricity [1]. Although Picha has a
vested interest in propagating visions of Al-enhanced futures,
there is no doubting the extent to which advancesin computing
technology are driving rapid transformations in the ways in
which we interact with computing systems, organizations, one
another, and theworld. A salient feature of thisrapidly changing
technological landscapeisthe burgeoning devel opment and use
of conversational agents, or “chatbots.”

Chatbots—software programs designed to interact in human-like
conversation—are being applied increasingly to many aspects
of our daily lives. Madeto mimic natural language conversations
to facilitate interaction between humans and computers, they
are aso referred to as “conversational agents” “dialog
assistants,” or “intelligent virtual assistants” and they can
support speech and text conversation. Notable early chatbots
include ELIZA (1966;“a mock Rogerian psychotherapist”),
PARRY (1972; a chatbot simulating a person with paranoid
schizophrenia, developed by a psychiatrist in response to
ELIZA), and ALICE (1995; a general conversational chatbot,
inspired by ELIZA) [2]. Recent advances in the development
and application of chatbot technologies and the rapid uptake of
messenger platforms have fueled the explosion in chatbot use
and development that has taken place since 2016 [3].
Improvements to natural language processing (NLP; which
includes speech recognition, text-to-speech, speech-to-text,
natural language understanding, and natural language
generation), as well as the emergence and publicity of
commercial “virtual assistants’ such as Siri, Google Now,
Cortana, and Alexa [4] have brought Al into many aspects of
our daily lives. Chatbots are now found to bein usein business
and e-commerce, customer service and support, financial
services, law, education, government, and entertainment and
increasingly across many aspects of health service provision

(5].

The ongoing COVID-19 pandemic has further driven the rapid
uptake and deployment of chatbots [6], many making use of
commercial chatbot development platforms such as IBM’s
Watson Assistant, Google Dialogflow, Yellow Messenger, and
Turn.io to devel op custom chatbots to help combat the disease.
In the face of the burden placed upon health care systems by
the pandemic, chatbots have enabled the automation of services
toward addressing the need for physical distancing and helped
disseminate information and relieve the pressure on medical
services by public health systems around the globe [7,8].

Theuseof Al for symptom checking and triage at scale has now
become the norm throughout much of the world, signaling a
move away from human-centered health care[9] inaremarkably
short period of time. Recognizing the need to provide guidance
inthefield, the World Health Organization (WHO) hasrecently
issued aset of guidelinesfor the ethics and principles of the use
of Al in health [10]. WHO has itself made use of chatbots to
provide guidance and combat misinformation about COVID-19

https://humanfactors.jmir.org/2022/4/e35882
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through its Health Alert chatbot [11] that communicates in a
number of different languages through WhatsApp, Viber, and
Facebook messenger, which has reportedly reached over 12
million people[12].

In the light of the huge growth in the deployment of chatbots
to support public health provision, there is pressing need for
research to help guide their strategic development and
application [13]. This paper aimed to help address this deficit.
We examined the evidence for the development and use of
chatbots in public health to assess the current state of the field,
the application domains in which chatbot uptake is the most
prolific, and the ways in which chatbots are being evaluated.
Reviewing current evidence, we identified some of the gapsin
current knowledge and possible next steps for the devel opment
and use of chatbots for public health provision. Our research
guestions are as follows.

1. What does the evidence tell us about the use of chatbotsin
public health?

2. In which fields of public health have chatbots been used
the most frequently?

3. What arethetypes of chatbotsthat have been used in public
health?

4. How have chatbots in public health been evaluated?

5. What are the potential lessons to be learned from the
evidence for the use of chatbotsin public health?

Methods

We carried out ascoping review of studieson the use of chatbots
in public health. We followed the PRISMA-ScR (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews) guidelines and methodological
framework by Arksey and O'Malley [14] for scoping studies
and searched thetitles and abstracts of studiesonthe MEDLINE,
PubMed, Scopus, Cochrane Central Register of Controlled
Trials, IEEE Xplore, ACM Digita Library, and Open Grey
databases over a period of 2 weeks in June 2021. Our search
terms included “chatbot,” “conversational agent,” and their
synonyms and public health, global public health, and related
terms (see Multimedia Appendix 1). We chose to broaden our
search to include health care and health to gain a broader
understanding of the application domainsin which chatbotsare
being used for headth-related purposes. The domain
categorization was assigned in 3 ways: (1) self-identified by
the authors, (2) categorized according to current definitions of
public health sectors, and (3) assigned according to the design
scope of the chatbot. With regard to mental health, we made a
further distinction between chatbots that were specifically
designed to provide social support in nondiagnosed patients,
defining these as “counseling/support,” and those that were
designed to deal with clinical illnesses such as depression,
defining these as “mental health.”

The use of Al and digital technologies and the roles in which
they are deployed in health tend to blur the boundaries between
population and clinical health—that is, chatbots that are used
to service individual health needs are often equally as relevant
to population-level health in application. In this respect, the
synthesi s between popul ation-based prevention and clinical care
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at anindividual level [15] becomesparticularly relevant. Implicit
to digital technologies such as chatbots are the levels of
efficiency and scale that open new possibilities for health care
provision that can extend individual-level hedth care at a
population level. We have therefore included studies of chatbots
designed for the provision of health services to individuals
where there is evidence of demonstrable health impacts and,
importantly, where they have the potential for scalable
efficiencies to support health outcomes at a population level.

Our selection methodology was as follows. One of the authors
screened thetitles and abstracts of the studiesidentified through
the database search, selecting the studies deemed to match the
eligibility criteria. The second author then screened 50% of the
same set of identified studies at random to validate the first
author’s selection. The papers meeting the criteriafor inclusion
at the title- and abstract-screening stage were retrieved and
reviewed independently by both authors, with subsegquent
discussion about discrepancies and resolution to end with an
agreed upon list of included studies.

Our inclusion criteriawerefor the studiesthat used or eval uated
chatbots for the purpose of prevention or intervention and for
which the evidence showed a demonstrable health impact. We
included experimental studies where chatbots were trialed and

Figure 1. Review selection process.
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showed health impacts. We also included feasibility studiesfor
agents that are being rolled out, randomized controlled trials
(RCTs) informing the feasibility of conversational agents that
have obvious applicability for scalability and potential for
population-level interventions, and comparative analyses of
in-service chatbots. We chose not to distinguish between
embodied conversational agents and text-based agents, including
both these modalities, as well as chatbots with cartoon-based
interfaces.

We excluded thought experiments, design outlines and
reflections on systems that have yet to be implemented,
descriptions of proposed chatbots and conversational agents,
prototypes of system architecture, surveys and predesign
analyses, frameworks, commentaries, validation studies,
technical papers that introduced agents explaining their
architecture and design that have yet to be trialed, and papers
exploring perceptions of digital agents or their acceptability or
validity among users. We also excluded studies comparing the
effect of differences in technical approaches (eg, messaging)
and studies that used “Wizard of Oz” protocols—a protocol
used to test users’ reactionsin which ahuman respondsto users
through an interface in which they think they are interacting
with a computer. The review selection process is shown in
Figure 1.
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Studies removed
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duplicates or other
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v
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Studies included
in review (n=32)
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[

Results

Included Studies

In total, 32 studies met the inclusion criteria. These studies
included RCTs (n=12), user analytics (n=8), user experience
studies (n=3), an experimental pilot (n=1), a descriptive study

https://humanfactors.jmir.org/2022/4/e35882

(n=11)

(n=1), comparative analyses (n=2), a case control study (n=1),
design processes (n=2), and feasihility studies (n=2). These
studies were distributed across 11 application domains.

Mental health and COVID-19 dominated the application

domains. This result is possibly an artifact of the maturity of
the research that has been conducted in mental health on the
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use of chatbots and the massive surge in the use of chatbots to
help combat COVID-19. Thegraph in Figure 2 thusreflectsthe
meaturity of research in the application domains and the presence

Wilson & Marasoiu

of research in these domains rather than the quantity of studies
that have been conducted.

Figure 2. Distribution of included publications across application domains. Mental health research and COVID-19 form the magjority of the studies.
Due to the small numbers of papers, percentages must be interpreted with caution and only indicate the presence of research in the area rather than an

accurate distribution of research.
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Maturity of Chatbot Research in Public Health
Domains

The timeline for the studies, illustrated in Figure 3, is not
surprising given the huge upsurge of interest in chatbots from
2016 onward. Although health services generally have lagged
behind other sectorsin the uptake and use of chatbots, there has
been greater interest in application domains such as mental
health since 2016. This finding may reflect both the degree to
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Counseling/support

3%
Health literacy

b /o

Health promotion
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Screening support
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Self-management
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20%

which conversational technol ogieslend themselvesto thekinds
of interactive methodologies used in mental health and the
necessity for greater scrutiny of the methods that are used by
health practitionersin field.

Similarly, one can seethe rapid response to COVID-19 through
the use of chathots, reflecting both the practical requirements
of using chatbots in triage and informational roles and the
timeline of the pandemic.

Figure 3. Distribution of included publications across application domains and publication year. Mental health research has a continued interest over
time, with COVID-19—related research showing strong recent interest as expected.
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Chatbot Design

Studies that detailed any user-centered design methodology
applied to the development of the chatbot were among the
minority (3/32, 9%) [16-18]. Most (22/32, 69%) included papers
only described broadly the messaging content available in the
chatbot (eg, topics covered) and what functionality was available
to the user (eg, daily reminders), but few had a description of
the process by which those features and capabilities were
decided upon.

One study that stands out isthe work of Bonnevie and colleagues
[16], who describe the development of Layla, a trusted source

https://humanfactors.,jmir.org/2022/4/e35882
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of information in contraception and sexual health among a
population at higher risk of unintended pregnancy. Layla was
designed and devel oped through community-based participatory
research, where the community that would benefit from the
chatbot also had a say in its design. Layla demonstrates the
potential of Al to empower community-led health interventions.
Such approaches also raise important questions about the
production of knowledge, a concern that Al more broadly is

undergoing areckoning with [19].

Two-thirds (21/32, 66%) of the chatbotsin the included studies
were developed on custom-developed platforms on the web
[6,16,20-26], for mobile devices [21,27-36], or personal
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computers [37,38]. A smaller fraction (8/32, 25%) of chatbots
were deployed on existing social media platforms such as
Facebook Messenger, Telegram, or Slack [39-44]; using SMS
text messaging [42,45]; or the Google Assistant platform [18]
(see Figure 4).

All theincluded studiestested textual input chatbots, where the
user isasked to type to send amessage (free-text input) or select
a short phrase from alist (single-choice selection input). Only
4 studies included chatbots that responded in speech
[24,25,37,38]; al the other studies contained chatbots that
responded in text.

The majority (28/32, 88%) of the studies contained very little
description of the technical implementation of the chatbot, which
made it difficult to classify the chatbots from this perspective.
Most (19/32, 59%) of the included papersincluded screenshots
of the user interface. However, some only provided sketches of
the interface, and often, the text detailing chatbot capabilities
was not congruent with the picture accompanying the text (eg,
the chatbot was described as free entry but the screenshot
showed a single-choice selection). In such cases, we marked
the chatbot as using a combination of input methods (see Figure
5).

Wilson & Marasoiu

Surprisingly, thereisno obvious correl ation between application
domains, chatbot purpose, and mode of communication (see
Multimedia Appendix 2[6,8,9,16-18,20-45]). Some studiesdid
indicate that the use of natural language was not a necessity for
a positive conversational user experience, especialy for
symptom-checking agents that are deployed to automate form
filling [8,46]. In another study, however, not being able to
converse naturally was seen as a negative aspect of interacting
with a chatbot [20].

The presentation of the chatbot persona (see Figure 6) was
usualy presented as a static avatar (n=17). Of these chatbots,
8 were given an anthropomorphic avatar, whether as a photo or
drawing (eg, clipart), whereas the rest adopted either a robot,
animal, cartoon, or another abstract avatar. Embodied
conversational agents (n=5) were only presented as “female’
human-like avatars. Of those with no avatars (n=6), this absence
was usually due to the platform restriction (eg, WhatsApp or
some forms of embedded web chat). The influence of avatar
presence and the anthropomorphic appearance of chatbots are
gtill an underresearched area, but we expect it will be of
particular importance for future chatbot design in health care.

Figure4. Distribution of chatbot platforms in the included studies. PC: personal computer.
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Figure 5. The ways in which users could message the chatbot were either by choosing from a set of predefined options or freely typing text asin a

typical messaging app.
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Figure 6. Presentation of the chatbot avatar.
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Evidence for the Efficacy of Chatbot-Based Health
I nterventions

Theincluded studies consisted of RCTs (n=12), user analytics
(n=8), user experience studies (n=3), an experimental pilot
(n=1), a descriptive study (n=1), comparative analyses (n=2),
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a case control study (n=1), design processes (n=2), and
feasibility studies (n=2).

For RCTs, the number of participants varied between 20to 927,
whereas user analytics studies considered data from between
129 and 36,070 users. Overall, the evidence found was positive,
showing some beneficial effect, or mixed, showing little or no

JMIR Hum Factors 2022 | vol. 9 | iss. 4| €35882 | p.73
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

effect. Evidence was predominantly preliminary and context
specific. Most (21/32, 65%) of the included studies established
that the chatbots were usable but with some differences in the
user experience and that they can provide some positive support
across the different health domains.

Moderate positive results were found across several studiesin
regard to knowledge and skill improvement [20,39], reducing
health risks[25], and supporting diet and physical exercise[31],
and there is some preliminary evidence of chatbotsthat support
smoking cessation improving the chances of quitting [36].

Studies on the use of chatbots for mental health, in particular
anxiety and depression, also seem to show potential, with users
reporting positive outcomes on a least some of the
measurements taken [33,34,41]. The research suggests that
psychotherapy chatbots can act as a supplemental tool as part
of the broader psychotherapy process[21] acrossabroad range
of psychotherapeutic methodologies and approaches (see
Multimedia Appendix 2 for a summary of chatbot roles).

Chatbotswerefound to haveimproved medical service provision
by reducing screening times [17] and triaging people with
COVID-19 symptomsto direct them toward testing if required.
These studies clearly indicate that chatbots were an effective
tool for coping with the large numbers of people in the early
stages of the COVID-19 pandemic. However, 1 comparative
study [22] showed that the number of correctly assessed cases
of COVID-19 varied considerably between the 10 web-based
symptom checkers, with only 2 chatbots having agood balance
between sensitivity (not classifying almost all patients as
COVID-19ositive) and specificity (not classifying all patients
as COVID-19-negative). Overall, this result suggests that
although chatbots can achieve useful scalability properties
(handling many cases), accuracy is of active concern, and their
deployment needs to be evidence-based [23].

Theevidencefor the use of chatbotsto support behavior change
is mixed. One study found that any effect was limited to users
who were already contemplating such change[24], and another
study provided preliminary evidence for ahealth coach in older
adults[31]. Another study reported finding no significant effect
on supporting problem gamblers despite high completion rates
[40].

Mixed findings were also reported regarding adherence. One
study found that there was no effect on adherence to a blood
pressure-monitoring schedule [39], whereas another reported
a positive improvement medication adherence [35].

Research on the use of chatbots in public health service
provision is at an early stage. Although preliminary results do
indicate positive effects in a number of application domains,
reported findings arefor the most part mixed. Moreover, varying
user engagement with the chatbots (though not necessarily
correlated with the effect [36]), the size of the study, and the
demographic characteristics of the target population (eg, some
groups of people were more likely to have a better experience
using the chatbot [18]) are some of the few variables that might
affect the efficacy of an intervention.
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Wilson & Marasoiu

Evaluation of Chatbot Design

The majority (26/32, 81%) of the studies used quantitative
methods and methodol ogiesfor the evaluation of chatbot design
and their impact in relation to health outcomes. For the most
part, qualitative methods were used to examine the acceptability
of chatbotsto patients and their self-reported experiencein using
them alongside other quantitative usability metrics [45]. User
experience and usability evaluation consisted of structured
guestionnaires and surveys, usually with a few open-ended
guestions (n=11), and just 1 study used a focus group (n=1).

By far the most prevalent means of assessing health impacts of
chatbot-led interventions were RCTs (n=12). Studies that
focused on the effectiveness of chatbots with regard to an
assigned task, such as triage and symptom checking, lent
themselves more easily to evaluation through user analytics
(n=8). Therewas, however, limited evaluation of user experience
(n=3), and chatbot devel opment wasrarely design-led—although
there were notable exceptions, with 1 study identifying user
principles in development [17]; 1 study following a
human-centered design process with young adults treated for
cancer [43]; and another using community based, participatory
research to develop a chatbot [16]. A further limitation noted
in the evaluation of widely deployed chathots is that the data
collected by the chatbot for further analysis do not hold
personally identifiableinformation, soit isnot possibleto know
if the targeted population are the actual users[16].

No included studies reported direct observation (in the
laboratory or in situ; eg, ethnography) or in-depth interviews
as evaluation methods. Given the recognized need for
observational study in chatbots deployed for public health [28]
and the current widespread use of observational and
participatory methodologies in human-computer interaction
(HCI) [47], there is an impetus for future chatbot research to
rely on such methodologies if their development is to best
support their users.

Discussion

Principal Findings

Although research on the use of chatbotsin public health is at
an early stage, developmentsin technology and the exigencies
of combatting COVID-19 have contributed to the huge upswing
in their use, most notably in triage roles. Studies on the use of
chatbots for mental health, in particular depression, also seem
to show potential, with users reporting positive outcomes
[33,34,41]. Impetus for the research on the therapeutic use of
chatbots in mental health, while still predominantly
experimental, predates the COVID-19 pandemic. However, the
field of chatbot research isin its infancy, and the evidence for
the efficacy of chatbots for prevention and intervention across
all domainsisat present limited.

Notably, people seem morelikely to share sensitive information
in conversation with chatbots than with another person [20].
Speaking with a chatbot and not a person is perceived in some
cases to be a positive experience as chatbots are seen to be less
“judgmental” [48]. Human-like interaction with chatbots seems
to have a positive contribution to supporting health and
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well-being [27] and countering the effects of social exclusion
through the provision of companionship and support [49].
However, in other domains of use, concerns over the accuracy
of Al symptom checkers [22] framed the relationships with
chatbot interfaces. The trustworthiness and accuracy of
information were factors in people abandoning consultations
with diagnostic chatbots [28], and there is a recognized need
for clinical supervision of the Al algorithms[9].

Although the COVID-19 pandemic has driven the use of
chatbots in public health, of concern is the degree to which
governments have accessed information under the rubric of
security in the fight against the disease. For example, in South
Korea, theimplementation of integrated technological responses,
including personalized communication chatbots and the use of
personal datagathered for contact tracing [50], uses Al in away
that transgresses what many would argue are fundamental
human rights to privacy. The sharing of health data gathered
through symptom checking for COVID-19 by commercia
entities and government agencies presents a further challenge
for data privacy laws and jurisdictional boundaries [51].

The evidence cited in most of the included studies either
measured the effect of the intervention or surface and
self-reported user satisfaction. There was little qualitative
experimental evidence that would offer more substantive
understanding of human-chatbot interactions, such as from
participant observations or in-depth interviews. In this respect,
we should remember that chatbots are complex systems, and
chatbot deployment in public health is a technology design
activity (the design of the platform, the communication
modality, and content), as much asit is a medical intervention
(the design of the intervention and setting up measures for its
effectiveness). Asan interdisciplinary subject of study for both
HCI and public health research, studies must meet the standards
of both fields, which are at times contradictory [52]. Methods
developed for the evaluation of pharmacological interventions
such as RCTs, which were designed to assess the effectiveness
of anintervention, are known in HCI and related fields [53] to
be limited in the insights they provide toward better design.

Studies in the existing research often do not provide sufficient
information about the design of the chatbot being tested to be
reproducible, including by RCT standards, as the chatbot
description is not sufficient for an equivalent chatbot to be
implemented. There are further confounding factors in the
intervention design that are not directly chatbot related (eg,
daily notifications for inputting mood data) or include aspects
such asthe chatbot’s programmed personality that affect people
differently [33]. As an emerging field of research, the future
implications of human interactions with Al and chatbot
interfacesis unpredictable, and thereisaneed for standardized
reporting, study design [54,55], and evaluation [56].

Few of the included studies discussed how they handled
safeguarding issues, even if only at the design stage. Of those
that did, the studies mentioned that they could not provide a
person to support the chatbot (ie, conversationswith the chatbot
are not monitored by aperson), so the chatbot was programmed
to message the user to contact official health authoritiesif they
had an issue (eg, directing the user to call 911). This
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methodology is a particular concern when chatbots are used at
scale or in sensitive situations such as mental health. In this
respect, chatbots may be best suited as supplements to be used
alongside existing medical practice rather than as replacements
[21,33].

Implications for Future Research

Although the use of NLPisanew territory inthe health domain
[47], it is a well-studied area in computer science and HCI.
When developing and deploying new technological
interventions, one must take care to identify the waysin which
theseinterventions might replicate or amplify existing inequities,
such as access to language proficiency, technology literacy,
smartphone technology, mobile data, and even electricity [9].
Human-centered design processes used in HCI and computer
science, particularly those that engage thetarget user throughout
the design process such as participatory design, co-design, and
participatory action research, could be useful methods for
addressing existing inequities from the beginning [57].

Most of the included papers contained screenshots of the
chatbots. However, some of these were sketches of theinterface
rather than the final user interface, and most of the screenshots
had insufficient description as to what the capabilities were.
Although thetechnical descriptionsof chatbots might constitute
separate papers in their own right, these descriptions were
outside the scope for our focus on evidence in public health.
However, apreviously published scoping review [58], focusing
on thetechnical aspectsof chatbots' implementation for medical
use, distinguished between text-understanding modality (eg,
pattern matching, machine learning, fixed input, and hybrid),
data management (medica knowledge database, user
information database, and conversation scripts), and text
generation (fixed output and machine learning). A further
scoping study would be useful in updating the distribution of
the technical strategies being used for COVID-19-related
chatbots.

Future research on chatbots would benefit from including more
details as to how the chatbot is implemented and what type of
NLPit usesand cross-referencing the equivalent technical paper
describing the system implementati on and technical contribution,
if itisavailable.

More broadly, in a rapidly developing technological field in
which thereis substantial investment from industry actors, there
is a need for better reporting frameworks detailing the
technologies and methods used for chatbot development.
Similarly, given the huge range of chatbot deployments across
a wide variety of public heath domains, there is a need for
standards of comparative criteriato facilitate abetter evaluation
and validation of these agents and the methods and approaches
that they use to improving health and well-being. Finally, there
is aneed to understand and anticipate the ways in which these
technologies might go wrong and ensure that adequate
safeguarding frameworks are in place to protect and give voice
to the users of these technologies.

Limitations

Given the immaturity of the research on chatbots, the huge
investment in their development and use for health, and the
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dynamic nature of Al and HCI, our study does not capture the
abundance of chatbots, commercial and otherwise, that have
been developed across of the domains of public health
application. There is a substantial 1ag between the production
of academic knowledge on chatbot design and health impacts
and the progression of the field.

Conclusions

Research on the recent advances in Al that have alowed
conversational agents more realistic interactions with humans
isdtill initsinfancy in the public health domain. Studies show
potential, especialy for easily automated and repetitive tasks,
but at the sametime, concernswith theclinical, legal, and ethical
aspects of the use of conversational agents for health care are
well founded given the speed with which they have been adopted
in practice. There is till little evidence in the form of clinical
trials and in-depth qualitative studies to support widespread
chatbot use, which are particularly necessary in domains as
sensitive as mental health. Most of the chatbots used in
supporting areas such as counseling and therapeutic services
are still experimental or intrial as pilots and prototypes. Where
thereis evidence, it is usually mixed or promising, but thereis
substantial variability in the effectiveness of the chatbots. This
finding may in part be due to the large variability in chatbot
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design (such asdifferencesin content, features, and appearance)
but also the large variability in the users’ response to engaging
with a chatbot.

Thereisno doubting the extent to which the use of Al, including
chatbots, will continue to grow in public health. The ethical
dilemmas this growth presents are considerable, and we would
dowell to bewary of the enchantment of new technologies[59].
Of paramount concern is the need to understand where we can
use automation over other technologies that connect humansto
humans (eg, machine assistance instead of machineintelligence)
and what are the situations in which a conversation with a
computer that simulates another person is indeed serving the
needs of the person. For example, the recently published WHO
Guidance on the Ethics and Governance of Al in Health [10] is
abig step toward achieving these goal s and devel oping ahuman
rights framework around the use of Al. However, as Privacy
International commented in a review of the WHO guidelines,
the guidelines do not go far enough in challenging the
assumption that the use of Al will inherently lead to better
outcomes[60]. Digital innovation in public health should ideally
be informed by research that measures the impact that
technologies such as chatbots may have in health interventions,
provides insight into user experience, and works to ensure the
safety of and promote the well-being of users.

The original study that is the basis of this paper was commissioned by the World Health Organization. MM is a contractor of
Katikati, asocial technology start-up enabling 1-to-1 human-led conversations at scale over SM S text messaging, instant messaging,

or web.
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Abstract

Background: Transdermal alcohol sensors (TASS) have the potentia to be used to monitor alcohol consumption objectively
and continuously. These devices can provide real -time feedback to the user, researcher, or health professional and measure al cohol
consumption and peaks of use, thereby addressing some of the limitations of the current methods, including breathalyzers and
self-reports.

Objective: This systematic review aims to evaluate the acceptability and feasibility of the currently available TAS devices.

Methods: A systematic search was conducted in CINAHL, EMBASE, Google Scholar, MEDLINE, PsycINFO, PubMed, and
Scopus bibliographic databasesin February 2021. Two members of our study team independently screened studies for inclusion,
extracted data, and assessed therisk of bias. The study’s methodological quality was appraised using the Mixed Methods Appraisal
Tool. The primary outcome was TAS acceptability. The secondary outcome was feasibility. The data are presented as a narrative
synthesis.

Results: Weidentified and analyzed 22 studies. Study designsincluded |aboratory- and ambul atory-based studies, mixed designs,
randomized controlled trials, and focus groups, and the length the device was worn ranged from days to weeks. Although views
on TASswere generally positive with high compliance, some factors wereindicated as potential barriers and there are suggestions
to overcome these,

Conclusions: There is a lack of research investigating the acceptability and feasibility of TAS devices as a tool to monitor
alcohol consumptionin clinical and nonclinical populations. Although preliminary evidence suggeststheir potential in short-term
laboratory-based studies with volunteers, more research is needed to establish long-term daily use with other populations,
specifically, in the clinical and the criminal justice system.

Trial Registration: PROSPERO CRD42021231027; https://www.crd.york.ac.uk/prospero/display_record.php?Recordl D=231027

(JMIR Hum Factors 2022;9(4):e40210) doi:10.2196/40210

KEYWORDS

alcohol consumption; alcohol monitoring; digital technology; transdermal alcohol sensors; wearables; acceptability; feasibility;
monitoring; sensors; real-time feedback; health promotion; alcohol intake

: These devices measure alcohol consumption from vapors off
Introduction the skin viasweat, known as transdermal alcohol concentration.
Background The advantage of these devices is the possibility to wear them

all day, allowing for long-term continuous data capture [1] and
recording drinking episodes accurately in near real time. These
are features that overcome some of the limitations of other

In recent years, there have been advances in the development
of various wearable transdermal acohol sensor (TAS) devices.
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methods. Breath and urine analysis is limited by the short
half-life of ethanol [2]. Blood markers of heavy alcohol
consumption (eg, gamma-glutamy! transferase, liver function
tests, mean cell volume, carbohydrate-deficient transferrin) have
limitationsin terms of sensitivity or specificity [2,3]. Although
other alcohol biomarkers such as phosphatidy! ethanol found
in blood and ethyl glucuronide and ethyl sulfate found in urine
have been found to have high sensitivity and specificity, these
tests can only be used to detect if alcohol has been consumed
within the last humber of days [4-6]. Further, all these tests
require administration by a trained health professional. In
contrast, TAS devices are noninvasive, objective, easy-to-use,
low-maintenance, and allow for the study of behaviors in
real-world contexts for potentially weeks or months at a time

(71

The newer TAS devices have the potential to communicate
wirelessly through a sim card or with a smartphone [7]. Using
this as a method of data collection could reduce the time and
resources required for data capture. Thereisalso the possibility
for information to be uploaded over a mobile network and
delivered to the patient, health professional, or researcher in
near real time. Evidence suggests there is a dlight time lag
between drinking and peak transdermal alcohol concentration
[7-10], but preliminary studies with newer generation devices
have demonstrated a reduction in this time lag [7,9]. SCRAM
isachunkier device with various types worn on the ankle and
is similar in appearance to a house arrest monitor, whereas
WrisTAS, BACtrack, ION, and Quantac Taly are worn
exclusively on the wrist and are smaller in style, closer in
appearance to a FitBit, health watch, or pedometer, and are
approximately the same size asawatch (information along with
animage of each deviceissummarized in Multimedia A ppendix
1).

Potential Uses of TAS Devices

Alcohol Treatment and | nterventions

TAS devices havethe potential toimproveclients’ engagement,
increase clinicians' ability to accurately assess consumption,
and trigger real-timeinterventions. If relapses are caught early,
the treatment service could personaize treatment and
interventions for the client to prevent further or larger relapses
[11]. In addition, TASs can capture regular data, which can be
linked with contingency management (CM) for an effective
treatment option [12-14].

Forensic Monitoring

The South Dakota 24/7 Sobriety initiative enforced alcohol
monitoring for driving under the influence offenders. The use
of TASs, breathalyzers, and sanctions for breaches was found
to be effective. This project included 17,000 individual s between
2005 and 2010, and since then, has been extended to domestic
violence and drug offences [15]. There has been some
preliminary research implementing remote al cohol monitoring
within the United Kingdom [16]. Most recently, England and
Wales announced new legislation, where alcohol-related
offenders may be banned from drinking alcohol and be ordered
towear aTASfor up to 120 days.

https://humanfactors.jmir.org/2022/4/e40210
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Research

Alcohol research mostly relies on retrospective self-report data.
There is some evidence of the reliability of self-report [17];
however, it can be subject to bias [18,19]. Evidence suggests
that alcohol consumption tends to be underreported [20] and
may be more greatly underreported with nonroutine drinking
patterns and heavy drinkers[21], whereas TASs could provide
an objective measure.

Public Use

Newer TAS devicesare designed for consumer use. They could
be used to monitor alcohol levels before driving, as proof of
sobriety at bars or public events, and be a diary for those
interested in monitoring a cohol consumption for general health.

Acceptability and Feasibility of TAS Devices

The acceptability and feasibility of health careinterventionsare
important issues to consider in their development, evaluation,
and implementation [22]. Although previous studies[7,12,23-25]
have alluded to the acceptability and feasibility of TASs to
objectively monitor alcohol consumption, there are a limited
number of studies addressing this, and to our knowledge, there
are no systematic reviews specifically investigating this. In this
review, we consider acceptability asthe device being perceived
as appropriate, which is based on both cognitive and emotional
responses to the devices and that this acceptability can be
assessed before, during, or after wearing the device [22]. We
consider feasihility as the extent to which this device could be
implemented practically within the identified setting. This
systematic review investigates the current knowledge by
systematically identifying and eval uating the existing literature
on the use of TAS devices in clinica and nonclinica
populations, aone or in conjunction with a psychosocial
intervention. The objective of this review was to assess the
acceptability and feasibility of TAS deviceswith an overarching
objective of establishing the barriers and facilitators to
implementing these devices.

Methods

Systematic Review Registration

This systematic review has been written according to the
PRISMA-P (Preferred Reporting Items for Systematic review
and Meta-Analysisfor Protocols) guidelines[26]. This protocol
has been registered on the Prospective Register of Systematic
Reviews (PROSPERO CRD42021231027). On review of the
results, it was decided that the findings of this systematic review
should be reported in 2 papers. this paper focusing on
acceptability and feasibility outcomes and another paper on
accuracy outcomes [27].

Inclusion Criteriafor the Studies

Studies meeting all the following criteria were included: full
text, original studies, published in peer-reviewed journals,
written in English, using awearable transdermal sensor device(s)
or investigating attitudes and experience of TAS use reporting
acceptability or feasibility outcomes. There were no restrictions
on publication year or participant clinical characteristics. Data
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based on conference abstracts, dissertations, and grey literature
were not included.

I nformation Sources

Bibliographic databasesincluded CINAHL , EMBASE, Google
Scholar, MEDLINE, PsycINFO, PubMed, and Scopus. Searches
were carried out February 2021 (Textbox 1 and Multimedia
Appendix 2 and Multimedia Appendix 3). The searches were
supplemented by cross-checking the reference lists of key
publications, related systematic reviews, and all included papers.

Textbox 1. Search terms.

Brobbin et al

All identified titles and abstracts were screened in Covidence.
From this list, the full text was retrieved and assessed for
eligibility (EB). Any queries were discussed with a second
reviewer (SH). Any disagreement was resolved through
discussion with athird reviewer (PD). A data extraction form
was created, piloted, and refined as necessary. EB extracted the
data independently (Multimedia Appendix 4) and the second
reviewer completed entries check for accuracy.

o Transdermal acohol sensor

o  Transdermal alcohol sensor device

«  Transdermal acohol monitoring device
o Transdermal alcohol bracelet

o Transdermal acohol wristband

o  Transdermal alcohol ankle

o  Transdermal acohol concentration

«  Transdermal alcohol concentration data
o Transdermal acohol sensor data

o  Transdermal acohol validity

«  Transdermal acohol acceptability

«  Transderma alcohol feasibility

Outcomesin the Studies

All outcome measures reported in the included studies were
extracted, including both objective and self-reported measures.
The definition of acceptability outcomesfor TASsin the context
of this study are factors that affect participant willingness to
use the device in treatment or rehabilitation. The definition of
feasibility outcomes for TASs in the context of this study are
factors that would impact the introduction, including the
operational capability of these devices in alcohol treatment
services as part of treatment and individual skills required by
wearers.

Quality Assessment

We used the Mixed Methods Appraisa Tool (MMAT), as it
was designed for the appraisal in reviews that include a range
of designs (qualitative, quantitative, and mixed methods) [28].
For each included study, we determined the study design and
then applied the appropriate screening criteria; this provided an
overall quality score for the study [28]. EB independently
completed the appraisal, and queries were discussed with a
second reviewer (SH). Any disagreements were resolved by
discussion with athird reviewer (PD).

https://humanfactors.jmir.org/2022/4/e40210

Data Synthesisand Analyses

The data are summarized using a structured narrative
description. Asthere are no standard outcomes for acceptability
or feasibility measures for TASs, we include any acceptability
and feasibility measures they report. We found that outcomes
fell into one of the following categories and thus, these are used
as subheadings in the results narrative: comfort, appearance,
ease of use, socia perceptions, perceptions of alcohol use,
barriers/suggestions, the criminal justice system, device
tampering, and compliance.

Results

Studiesin This Review

After removing duplicates, 125 paperswere screened, 31 papers
wereexcluded at thetitle and abstract screening, and 94 full-text
papers were assessed for eligibility. A total of 76 papers were
then excluded. There were 8 additional papers identified by
citation searching; of these, 5 were included. The final sample
included 22 publications (Figure 1).
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Figurel. PRISMA-P (Preferred Reporting Items for Systematic review and Meta-Analysis for Protocols) flow diagram.
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Char acteristics of the Studies clinics receiving acohol treatment [8,23,24] or were recruited
on admission to a general hospital substance abuse unit [42].
Sixteen  studies used a version of SCRAM  Most were conducted in the United States (17/22, 77%). The

[8,12,14,23-25,29-38], 4 used a version of WrisTAS [39-42],
3 used BACtrack Skyn[7,38,43], and 1 used Quantac Tally [7].
Some studies used more than 1 version or brand of device.
Almost half of theincluded studies (10/22, 45%) aimed to assess
how TASs can be used to measure alcohol consumption. Out
of the 22 studies, 8 (36%) aimed to assess acceptability,
adherence, and feasibility with TASs, and 5 (23%) used TASs
to explore their effectiveness in implementing CM for alcohol
reduction treatment and evaluating the efficacy of CM for
alcohol use reduction. One investigated nonalcoholic energy
drinks and one investigated alcohol-related positive mode
enhancement and negative mood reduction.

Most studies (18/22, 82%) included participantswho were adults
in good health. Only 4 out of 22 (18%) studies included
participants who were diagnosed with alcohol dependence.
These 4 studies recruited participants from community-based

https://humanfactors.jmir.org/2022/4/e40210
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earliest paper included is from 1992 but the majority (17/22,
77%) of the studies were published since 2015.

There were 821 participants enrolled in total acrossthe studies,
with 793 included in the procedure or analysis. Therefore, 28
participants that were enrolled were not included in the results
(28/821, 3.4%) (for reasons such as withdrawing or missing
data). One paper [7] was still in the early stages of data
collection for one of their studies and so these participant
numbers were unknown. Not al studies included detailed
information on the participants' age, gender, and ethnicity.
Where information was provided, it could be seen that
participants’ ages ranged from 18 to 57 years, the magjority
included both females and males, and for most, Caucasian
participants represented a large majority of the sample (see
Table 1).

JMIR Hum Factors 2022 | vol. 9 | iss. 4 | e40210 | p.83
(page number not for citation purposes)


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

JMIR HUMAN FACTORS Brobbin et a
Table 1. Papersincluded in thisreview.
Author, year Design Aim Population Device; Participants:  Age (years); Female  Mixed Methods
N=821 enrolled (%); Caucasian (%)  Appraisa Tool
(N=793 included) score (%)

Alessi et a Ambulatory Assess how we can Clinical: acohol SCRAMYX; 66 (63) Mean: 40.3; 41.3; 40
[24], 2019 measure alcohol con-  outpatient 58.7

sumption with this

technology
Alessi et a Ambulatory Assess acceptability, Clinical: acohol SCRAMX; 100 (98) Mean: 42; 48; 59 80
[23], 2017 adherence, and feasibil-  outpatient

ity with thistechnology
Averill et a Pilot RCT2 Ambu-  Effectiveness of TAMP Nonclinical: atrisk SCRAM; 37 (37) Mean: 40.5; 0; 86.5 100
[25], 2018 latory in implementing CMC drinkers

for acohol reduction

treatment in various

population groups,

evaluating the efficacy

of CM reductionin

alcohol use
Aydaetal [29], Laboratory Assessing nonalcoholic  Nonclinical: good SCRAM-II; 15(15) Range: 22-35; 60; 80 80
2009 energy drinks with health

TAM
Barnett et al RCT, Ambulatory  Effectivenessof TAM  Nonclinical: heavy SCRAM-II, Mean: 28.9, range: 80
[14], 2017 in implementing CM drinkers SCRAMX; 30 (30) 21-57; 46; 76.7

for acohol reduction

treatment in various

population groups,

evaluating the efficacy

of CM reductionin

alcohol use
Barnett et al Ambulatory Effectivenessof TAM  Nonclinical: heavy SCRAM; 20 (13) Mean: 32; 46; 69.2 80
[12], 2011 in implementing CM drinkers

for acohol reduction

treatment in various

population groups,

evaluating the efficacy

of CM reductionin

alcohol use
Caluzzi et d Ambulatory Assess acceptability, Nonclinical: gopod SCRAM; 34 (30) Range: 18-29; Sample 100
[30], 2019 adherence, and feasibil- health 1: 58, sample 2: 50;

ity with this Not known

technology
Croff et a [39], Ambulatory Assess acceptability, Nonclinical: good WrisTAS-7; 59 (57) Mean: 18.82,range: 100
2020 adherence, and feasibil-  health 14-24; 100; 73.3

ity with this

technology
Fairbairneta  Ambulatory Alcohol-related positive  Nonclinical: social  SCRAM; 48 (48) Mean: 22.6, range: 100
[31], 2018 mood enhancement and  drinkers 21-28; 50; 56

negative mood reduc-

tion study
Goodall et a Focus groups Assess acceptability, Serving offenders SCRAM (RAM); 12 Not known; 0; Not 100
[32], 2016 adherence, and feasibil- (12) known

ity with this

technology
Luczak et a Mixed design Assess how we can Nonclinical: good WrisTAS-7; 32(32) Mean: 23.1; 47; 0 80
[40], 2015 measure alcohol con-  health

sumption with this
technology
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Author, year Design Aim Population Device; Participants:  Age (years); Female  Mixed Methods
N=821 enrolled (%); Caucasian (%)  Appraisa Tool
(N=793 included) score (%)
Mathias et a Ambulatory Effectivenessof TAM  Nonclinical: good SCRAM; 86 (86) Mean: 38.5, 37.3, 100
[33], 2018 in implementing CM health 39.3,42.6 (cycle 1, 2,
for alcohol reduction 3,4); Cycle1: 9, Cy-
treatment in various cle2: 20, Cycle 3: 6,
population groups, Cycle 4: 12; Not
evaluating the efficacy known
of CM reductioninaco-
hol use
Nevilleet a Ambulatory Assess acceptability, Nonclinical: good SCRAMXx; 60 (53) Mean: 21.46,range: 80
[34], 2013 adherence, and feasibil-  health 18-37; 0; Not known
ity with thistechnology,
assess how we can
measure alcohol con-
sumption with this
technology
Norman et a Ambulatory Assess acceptability, Nonclinical: good SCRAM; 14 (14) Mean: 21.9, range: 80
[35], 2020 adherence, andfeasibil- health 18-29; 50; Not known
ity with thistechnology,
assess how we can
measure alcohol con-
sumption with this
technology
Rash et al [36], Ambulatory Assess how we can Nonclinical: heavy SCRAMX; 22 (19) Mean: 46.8 (CM), 46 100
2019 measure alcohol con-  drinking (monitoring); CM: 31,
sumption with this monitoring: 33; 23
technology (CM); 56 (monitor-
ing)
Rosenberg et al  Ambulatory Assess acceptability, Nonclinical: good BACtrack Skyn; 5  Mean: 21.6, range: 80
[43], 2021 adherence, andfeasibil- health 5) 21.2-22.3; 60; Not
ity with thistechnology known
Sakai et a [8], Ambulatory and Assess how we can Alcohol dependent  SCRAM; 44 (44) Mean: 32.8,38.1,37.5 100
2006 |aboratory measure alcohol con-  and nonal cohol - (lab: no, low, high
sumption with this dependent dose), mean: 43.5,
technology 39.9 (community:
NADY, AD®); Labora-
tory study
no/low/high dose: 50;
community study
NAD: 70, AD: 60;
Not known
Simonset a Ambulatory Assess how we can Nonclinical: good WrisTAS-7; 60 (60) Mean: 19.57, range: 80
[41], 2015 measure alcohol con-  hedlth 18-21; 52; 97
sumption with this
technology
Swift et al [42], Laboratory Assess how we can Nonclinical: good WrisTAS; 15 (15) Mean: 27, range: 21- 80
1992 measure alcohol con-  health and alcohol 40 (controlled);
sumption with this dependent Range: 31-53 (intoxi-

technology

cated); Controlled: 20;
intoxicated: 40; Not
known
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Author, year Design Aim Population Device; Participants. Age (years); Female  Mixed Methods
N=821 enrolled (%); Caucasian (%)  Appraisa Tool
(N=793 included) score (%)
Villalbaet al Focus groups Assess acceptability, HIV-related SCRAM; 37 (37) Not known; 51; Not 100
[37], 2020 adherence, and feasibil-  community known
ity with thistechnology,
effectiveness of TAM
inimplementing CM
for acohol reduction
treatment in various
population groups,
evaluating the efficacy
of CM reductioninaco-
hol use
Wangetad [7], Ambulatory and Assess how we can Nonclinical: good Quantac Taly, Not known; Not 20
2019 laboratory measure alcohol con-  health BACtrack Skyn; known; Not known
sumption with this Still recruiting
technology
Wangetal [38], Ambulatory and Assess how we can Nonclinical: good BACtrack Skyn, Range: 36-38 (study 80
2021 laboratory measure alcohol con-  health SCRAM-CAM; 25  1); Mean 29.5 (study
sumption with this (15) 2); Study 1: 33.3;

technology

study 2: 60; Not
known

8RCT: randomized controlled trial.
PTAM: transdermal alcohol monitoring.
®CM: contingency management.
dNAD: non-alcohol dependent.

2AD: acohol dependent

We found that no study defined acceptability and feasibility in
terms of their research. One described how they measured
protocol feasibility [40] and one described how they measured
acceptability and feasibility of the device [43]. Luczak et a [40]
report protocol feasibility as the reliability of each component
of the protocoal, the validity of TAS data, participant compliance,
and reactivity. Rosenberg et a [43] report measuring
acceptability using the Acceptability of Intervention Measure
scale and feasibility with the amount of alcohol monitor data
produced and the correl ation between device-reported drinking
events and drinking events reported by participants. They also
used the Feasibility of Intervention Measure scale.

Quality Assessment

All studies, except for 2 studies[7,24], met aminimum of 4 out
5 MMAT criteria (>80%) (all scores reported in Table 1 and
Multimedia Appendix 5). Thisis due to Alessi et al [24] not
providing details about randomization and participant
information. Alessi et al [24] included alcohol treatment
outpatients who were randomized to usual care in 2 previous
studies; these 2 previous studies are not clearly stated. Wang et
a’s study [7] was difficult to score due to incomplete data
collection, as their study was still ongoing at the time of
publication. With the MMAT, exclusion of low methodol ogical
quality studiesis discouraged [28]. Due to the nature of many
studies, blinding of participants or staff was not possible; in
some, there were clear differences between groups [34] or CM
incentives were provided [25], where the staff were required to
know participant alocation. In many studies, there was only 1
group of participants who all completed the same task and so
randomization was not required [7,8,12,23,29-33,35-43]. Not

https://humanfactors.jmir.org/2022/4/e40210

all studies provided clear information on participant information,
randomization, incomplete outcome data, and selective
reporting; therefore, there was potential bias due to limited
information [7,12,14,23,24,29,34,35,38,40-43].

Acceptability Measures

Comfort

SCRAM isthe devicethat is the biggest of the various models
and typically worn on the ankle. Participants described rarely
noticing SCRAM [8,23,25,30,36]; however, there were a few
activities when the device was more noticeabl e, such as bathing,
sport, sleep, and the device vibration/size impacting work and
clothing choice [12,14,23,25,30,37]. When rating the SCRAM
comfort, on average, it was rated as comfortable by wearers
[25,36], and in another study, over half of the participants
reported adjusting to any initial discomfort [30]. Other studies
reported marks on the skin and itching caused by SCRAM
[12,23,25]. Other physical side effects were reported asmild to
moderate[14,23,30]. Rash et al [36] found reports of skin marks
very uncommon with SCRAM; however, in the study of Caluzzi
et a [30] participants described the clamp mechanism of
SCRAM asconstricting. M ethods empl oyed to increase comfort
were adjustments made by researchers, including tube socks,
plasters, medical tape, and supportive shoe wear. Participants
felt that heat and dehydration increased discomfort and those
with slimmer legs had greater difficulty keeping the device in
a comfortable position. For WrisTAS, device marks were
reported infrequently [40], and in 1 study, no marks were
reported at all [42]. WrisTAS is smaller than SCRAM and is
worn on the wrist. One study allowed participants to remove
the device (WrisTAS-7) before engaging in activities that were
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incompatible with the device and drinking (eg, sports
participation) and found minimal reactions to the device [41].

Appearance

Most of the views on SCRAM'’s appearance were negative
[25,30,37]. However, some participants described being less
concerned with appearance, as they were motivated to change
their acohol consumption and were looking for help [37]. In
Wang et a’s study [38], the design of BACtrack was rated
positively, reporting that it was lightweight and comparable to
awatch.

Ease of Use

Alessi et al [23] found there were 62 adjustments required across
39 participants (N=100 participants). Of these, 56 out of 62
(90%) adjustments were because the device strap was too loose
or tight; 3 out of 62 (5%) adjustmentswere requested by Alcohol
Monitoring Systems (AMS) Inc, now better known as SCRAM
Systems, and 3 out of 62 (5%) adjustments were regquested by
both the participants and AMS [23]. Another study reported
needing to adjust, reinitialize, or replace the device 5 timesin
a sample of 19 participants [36]. To download SCRAM data
remotely, ahome phonelandline or cellular signal-based modem
isrequired. Participantswho did not have one had to visit family
and friends and avoid interruption of persona calls when the
modem was connecting to the server to download data, thereby
increasing user burden [25]. If this was also not an option for
participants, data can be downloaded in-person. One study
specifically asked participants to rate the ease of use of
WrisTAS; the average rating was 1.2 (scale of 1-10, 1=very
easy-to-use) and 26 out of 31 (84%) reported they were
confident using the device after the initial session [40]. When
asked about the use of Skyn compared to a breathalyzer, the
results showed that Skyn was more acceptable, and the most
liked features were the ease of use and design [38].

Social Perceptions

Therewerereportsthat friends and family reacted positively to
SCRAM [30,36]. However, a minority reported negative
judgements and noted that the ability to hide the device under
clothing was appreciated. On hotter days, some chose to wear
long trousers to cover the device. This was also reflected with
recruitment during the hottest months of summer being difficult
[25,37]. Some participants, especially those who had previous
linksto the criminal justice system, reported fedling embarrassed
wearing the device, feared others seeing the device, and were
concerned about police harassment [37]. Negative attention
from others to the device in 1 study caused 2 participants to
withdraw [12]. However, participantsin another study rated the
socia discomfort of SCRAM more moderately at 4.59 (scale
of 1-10, 10=extremely uncomfortable) [14]. One study,
conducted inamusic festival setting with healthy adults, found
that most participants did not mind others seeing; some wore
long socks, but most did not hide it. Generally, reactions were
positive; however, 1 participant asked for the device to be
removed due to concerns about not being served in bars [30].

Perceptions of Alcohol Use

A frequent comment was that wearing the device worked as a
reminder and motivator to not drink alcohol [7,23,25,32,34].
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Averill et a [25] using qualitative data suggested that
participants believed wearing the device hel ped reduce drinking
and this was supported by quantitative findings. Reduction in
alcohol consumption was also rated as the most common
personal advantage. Although 1 study found that participants
reported purposefully increasing their drinking habitsto provide
more research datafor the device, they also noted thiswas hard
to maintain throughout [30].

Barriers, Suggestions, and Future Research

Suggested improvements by researchers and wearers included
a smaler size [23,30], being waterproof, improving
comfortability [12,14,23,25,38], adjustable straps [30], more
notifications about data uploads from the device [38], more
information about their transderma acohol concentration
feedback [12], longer battery life [38], the use of motion or
environmental sensorsto corroborate output for BACtrack Skyn,
and device algorithms to evaluate when deviations in recorded
transdermal alcohol concentration are due to environmental
factors[38].

Criminal Justice System

Goodall et al [32] conducted focus groupswith serving offenders
in a Scottish prison and found positive views—almost all
believed there was an association between alcohol consumption
and their offence. Participants reported that knowing someone
was monitoring would be an incentive to reduce alcohol
consumption, in addition to being constructive in knowing that
there would be a consequence if they did consume alcohol.
Another suggestion from the focus group was to link wearing
the device to areduced sentence.

Feasibility M easures

Device Tampering

Five studies specifically mention participants tampering with
SCRAM [14,23,24,33,36]. Tamper dertsare signaled by AMS
if the infrared sensor detects a deviation of 12% above or 17%
bel ow the established baseline. Of those 5 studies, 2 report very
similar findings[23,24], confirmed tampering in approximately
2% of cases (105 days out of 5017 days of collected data, total
participants enrolled: N=66 [24], 139 days out of 6950 days of
collected data, total participants enrolled: N=100 [23]), and
around half of those tamper days coincided with participants
drinking. Confirmed tampers, not linked to drinking, were
inadvertently caused by discomfort and subsequently
repositioned. Rash et a [36] found 7 events of tampering
occurred in 3 participants, most coinciding with drinking. For
both studies by Alessi et al [23,24], participants were clinical
alcohol treatment outpatients, and in Rash et a [36] the sample
consisted of heavy drinkers attending soup kitchens.

Mathias et a [33] were concerned that some of the data
suggested instances of tampering. These instances coincided
with evidence of alcohol consumption (transdermal alcohol
concentration>0.2) and AMS confirmed tamper events (AMS
provide independent monitoring of data for the temperature
sensor, an infrared sensor, and continuously conducts diagnostic
tests to confirm device function). From this, they were able to
retrospectively look at data and amend it for future collection.
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In this study, data influenced CM; therefore, it was important
to ensure withholding CM when target behavior did not occur
[33]. Barnett et al [14] found that 5.5% of the datawere missing
due to bracelet removal due to device malfunction and
tampering. AM Swas able to detect specific tampering instances
and the research staff were able to identify and remove specific
data

Compliance

A few studies noted 100% compliance [8,29,31,39,43].
Compliance was defined for these studies as no dropouts, no
device removal, no missed appointments or assessments, and
all participantsworethe devicefor the entire intervention. Other
studies mention reasonsfor not complying, including relocation,
events incompatible with continuing (court appearance for
driving under acohol influence, incarceration, day surgery),
personal discomfort, concern about employability/negative
atention, and device malfunction or inconvenience
[12,14,23,24,30,35,36,42]. Although al participantswere asked
not to remove the devices for any reason other than showering,
removal while intoxicated was detected by the temperature
sensor [42]. Studiesfound during recruitment that not everyone
was willing to use the devices. Alessi et a [24] found 1 in 10
declined and Alessi et a [23] in another study found that 56 out
of 595 (9.4%) participants declined due to SCRAM. Averill et
al [25] found that recruitment slowed in summer, and this was
suggested to be because the heat would make SCRAM more
inconvenient. Compliance was high in the 4 studies with
diagnosed alcohol-dependent individuals, one with 100% [8],
one with 95% [24], and one with 84% [23] compliance. One
does not report any participant dropouts, but device removal
was detected [42].

Discussion

Thisreview aimsto assess TAS acceptability and feasibility to
objectively monitor alcohol consumption in clinical and
nonclinical populations. We identified 22 studies that used or
investigated the attitudes and experiences of people using TAS
devices. Although the available data do suggest that TAS
devices are acceptable, feasible, and have the potentia to
monitor objective alcohol consumption data, only afew studies
were conducted with clinical populations (4 out of 22 studies)
or had a specific focus on acceptability and feasibility measures
(8 out of 22 studies). Weinvestigated the acceptability outcomes
of wearing the TAS, including the comfort, social comfort,
appearance, and ease of use of TAS. SCRAM and WrisTAS
were reported to provide moderate device comfort, social
comfort, and high ease of use. BACtrack was also rated highly
for appearance and ease of use. However, therewere al so reports
that SCRAM, the biggest and bulkiest device, caused skin
irritation. One study [41] tried to overcome potential skin
irritation by alowing participants to remove the device
(WrisTAYS) before physical activities. Having the freedom to
adjust and remove the device for occasions such as bathing or
physical activity isnot typical, but astheirritation due to TASs
during specific activities is one of the known issues affecting
each brand of TAS at various levels, this could be a method to
reduce this consequence on wearers. However, TASs require
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precise and secure placement for optimal data collection [44-46];
therefore, removability may only be possible after device
training and participants must be trusted to replace the device.
Device removability could mean that participants take off the
device when consuming alcohol, place it on another sober
individual, or not replaceit at all. Therefore, removal of devices
may not be possible in all situations.

Another uncertainty of these devicesisthe frequency of device
malfunction and how this could impact use. If there were
multiple WrisTAS malfunctions, this would not be feasible
within clinical treatment or the criminal justice system. If the
patient was required to return multiple times, there is an
increasing burden on the device wearer and staff. Or, if there
were multiple data points lost, the benefit of using this device
would diminish and not be able to reliably reinforce criminal
sentences or research incentives such as CM. In the included
studiesin thisreview, reported malfunctions, noise, and missing
data for WrisTAS and BACtrack appeared to be much higher
than those for SCRAM [9,39,40,47]. However, there are other
advantages of WrisTAS and BACtrack, such as a reduced lag
time and physical size and appearance [9,10,38,40]. Some
individuals chose not to participate specificaly due to the
devices. Personal preferences for treatment options are to be
expected. Therewere a so reports of dropouts, although dropouts
are typical within research. Previous research is aware of the
potential discomfort [12,14,23,25,30,37]: TASs must be worn
tightly on the wrist for optimal data collection and the wrist is
a part of the body that is often on show—this inconvenience
could be a reason for withdrawal. Although there are these
concerns, many studiesfound high compliance, including those
with alcohol-dependent individuals
[7,8,23,24,29-31,35,36,39,42,43].

The only device that has the option of landline use or cellular
signal-based modem is SCRAM. This may not be possible for
some populations without a stable home or landline; however,
for other situations where real-time data collection is not
required or when regular research visits for data download is
not possible, this would be very beneficial as data download
can be done by the participant with no staff member present.
BACtrack requires regular data downloading at least every 3
days, otherwise, data are wiped on the device. BACtrack
download requires download from the device to an
Apple-iPhone operating system device by Bluetooth; for some
participants, this may be something they own and can be done
remotely and then reviewed online by staff. However, in certain
populations, only a few may already own smartphones,
specifically for BACtrack, iPhones, or an iPhone operating
system device with up-to-date software. One study asked
participants to complete self-report web-based data collection
surveys, and this was rated as easy-to-use; however, not
everyone has access to the internet [40]. The newer generation
TASs such as BACtrack avoid this burden by not requiring a
landline. However, it needs to be considered if target users
would need to be provided a smartphone as well as the TAS
device.

Qualitative results suggest that wearing the device appeals as
an intervention to reduce alcohol consumption due to the
knowledge of someone monitoring acting as a motivator to
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change their behavior [23,25,32,34]. This could be linked to
and incorporate behavior change techniques within the
intervention design. However, one aspect that requires further
research is if alcohol-dependent patients would feel “under
surveillance” by wearing thisdevice and if this could negatively
impact the trust and rapport they have with their key worker
and service staff.

The potential uses of TASs include alcohol treatment and
research contexts. When working with individuals currently
receiving al cohol treatment or diagnosed as al cohol -dependent,
the amount of alcohol consumed may be alot greater than that
investigated within laboratory studies or with healthy adults not
diagnosed as al cohol-dependent. The devices may also beworn
for potentially longer periods and used by individuals while
heavily intoxicated. These differences could bring to light other
considerations that would not be measured within laboratory
studies using healthy adults and restricted alcohol consumption,
under the eye of aresearch team. Within short-term laboratory
studieswith volunteersand payment, thereislittle reason to not
comply. Device tampering is a possibility, and the likelihood
of this is increased in populations who use devices within
treatment and criminal justice settings. Devicestypically contain
temperature sensors, which can detect if the device has been
removed from the skin. The ability to see this alows for
discussion with patients and if appropriate, for tampered data
to be removed. Testing to see if the device has been removed,
placed on another individual, or any other forms of tampering
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are issues that could become detectable by these devices as
technology advances further.

This review highlights a small number of studies investigating
the acceptability and feasibility of TAS devices to objectively
monitor alcohol consumption and to compare between devices
by using more than one device. Given the growth in the use and
appeal of this technology, further research is needed to inform
interventions and policy guidance [38,48-50]. There is no
standardized method for measuring the acceptability and
feasibility of TASs, and there is a need for this to facilitate
comparison across different devices.

Thereis alack of research on the acceptability and feasibility
of TASs to objectively monitor alcohol consumption in any
setting, let alonewithin clinical or criminal justice populations.
Although the available data do suggest these devices are
acceptable and feasible and have the potential to capture
alcohol-monitoring data, there is a need for further research
within clinical populations by using robust studies outside a
laboratory environment, with long-term monitoring periods.
With advancements in technology and the evolution of various
TASs coming to market, the focus should potentially be more
on the common features of these devices rather than specific
brandsto better establish the potential of thistype of technology.
We need to further investigate how clinical populations engage
with this technology and any changes in their adherence and
use over extended periods of time. This can inform if and how
these devices can be implemented in clinical treatment settings
with or without other treatment.
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Abstract

Background: Outpatient pharmacy management aims for improved patient safety, improved quality of service, and cost
reduction. The Six Sigma method improves quality by eliminating variability, with the goa of a nearly error-free process.
Automation of pharmacy tasks potentially offers greater efficiency and safety.

Objective: The goa was to measure the impact that integration of automation made to service, safety and efficiency, staff
reallocation and reorientation, and workflow in the outpatient pharmacy department. The Six Sigma problem definition to be
resolved was as follows: The current system of outpatient dispensing denies quality to patients in terms of waiting time and
contact timewith pharmacy professionals, incorporates risksto the patient in terms of midabeling of medications and theincomplete
dispensing of prescriptions, and is potentially wasteful in terms of time and resources.

Methods: We described the process of introducing automation to alarge outpatient pharmacy department in auniversity hospital.
The Six Sigma approach was used as it focuses on continuous improvement and also produces aroad map that integratestracking
and monitoring into its process. A review of activity in the outpatient department focused on non-value-added (NVA) pharmacist
tasks, improving the patient experience and patient safety. Metrics to measure the impact of change were established, and a
process map analysis with turnaround times (TATS) for each stage of service was created. Discrete events were selected for
correction, improvement, or mitigation. From the review, the team selected key outcome metrics, including storage, picking and
delivery dispensing rates, patient and prescription load per day, average packs and lines per prescription, and lines held. Our goal
was total automation of stock management. We deployed 2 robotic dispensing units to feed 9 dispensing desks. The automated
unitswereintegrated with hospital information technology (HIT) that supports appointments, medication records, and prescriptions.

Results: Postautomation, thetotal patient timein the department, including the timeinteracting with the pharmacist for medication
education and counseling, dropped from 17.093 to 11.812 digital minutes, with an appreciable increase in patient-pharmacist
time. The percentage of incomplete prescriptions dispensed versus orders decreased from 3.0% to 1.83%. The dispensing error
rate dropped from 1.00% to 0.24%. Assessed via a “basket” of medications, wastage cost was reduced by 83.9%. During
implementation, it was found that NVA tasks that were replaced by automated processes were responsible for an extensive loss
of pharmacist time. The productivity ratio postautomation was 1.26.
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Conclusions: The Six Sigma methodology allowed for rapid transformation of the medication management process. The risk
priority numbers (RPNSs) for the “wrong patient-wrong medication error” reduced by aratio of 5.25:1 and for “ patient |eaves unit
with inadequate counseling” postautomation by 2.5:1. Automation allowed for ring-fencing of patient-pharmacist time. Thistime

needs to be structured for optimal effectiveness.

(JMIR Hum Factors 2022;9(4):€37905) doi:10.2196/37905

KEYWORDS

inventory waste; mislabeling events; no-show returns; inventory stock levels; staff education; task realignment; outpatient; Six
Sigma; medication management; medi cation adherence; risk; pharmacy; health care professiona; dispensing; robotics; automation;

pharmaceuticals; inventory

Introduction

Background

Outpatient care and outpatient pharmacy management should
aim for improved patient safety, improved quality of service,
and reductionin costs[1-3]. The Six Sigmamethod sharesthese
same goals and aims to improve quality and reduce costs by
eliminating variability, with the goa of a nearly error-free
process [4]. Automation of non-value-added (NVA) pharmacy
tasks that may be undertaken with greater efficiency and more
safely by automated units have been identified in the literature
[5], and although they will inevitably differ by facility, these
are generally given as.

«  Stock inputting [5]

« Inventory checks and securing of stock [5]

«  Stock rotation by expiry date [6]

» Locating and picking stock [1]

«  Guardianship and mandated shift-end countsfor controlled
substances and high-value medications [ 7]

King Fahad Medical City began operations in 1984, and the
facility has 1200 inpatient beds and receives 500,000 outpatient

Figure 1. Ishikawa fishbone diagram: input and output deficiencies.

B

visits yearly, with an increase of ~15% per year over the study
period. It serves the heart of metropolitan Riyadh. Given this
large and increasing workload and the increasing complexity
of patient conditions being treated in the outpatient department,
asystematic review of activity in the outpatient department was
undertaken in 2017 as a first step in a change management
process aimed at reducing to aminimum NVA pharmacist tasks,
improving the patient experience, and improving patient safety.
Identified issues at this point were chiefly related to the
difficulties in ensuring safe dispensing due to a lack of
transparency in the system and therisk of mislabeling products
for dispensing, therisk of reinforcing error through labeling the
product early in the medication-dispensing chain, pharmacists
value being lost in NVA tasks, the slow speed of medication
picking with rising service requirements per year, a lack of
i ntegration between prescribing and di spensing requiring manual
checks during picking, and substantial issues over medication
availability and avoidable waste through stock expiry.

These issues were taken forward to the fuller review and
building of an Ishikawa fishbone diagram of input and output
deficiencies during the Six Sigma project (see Figure 1).
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Our general philosophy during the review and going forward
isthat the patient experience and patient safety extend beyond
metrics, such as waiting time and correct dispensing, and into
the growing expectation for pharmacists to deliver effective
patient education and counseling [8] and to monitor prescriptions
to avoid the risk of patients receiving overwhelming or
inappropriate polypharmacy [9,10].

Six Sigma is a methodology that focuses on eliminating the
defects in a service or process. It is statistics based and data
driven and focuses on continuous improvement [11]. In this
respect, it is an excellent choice for services such as ours that
have no fixed endpoint but that are rather cycles of service,
quality monitoring, and improvement. Another advantage of
using Six Sigma in a large and complex organization such as
oursisthat it produces a road map that improves tracking and
monitoring as an integral part of its process.

The define-measure-analyze-improve-control (DMAIC) process
isthe central “spine” of the Six Sigma process. For health care,
the fundamental processes first introduced into the
manufacturing industry in the 1980s have been adapted to
emphasize the preventive component of error reduction asthis
makes the process fit with other fundamental risk management
processes, such as failure mode effect analysis and root-cause
analysis of near misses and actual incidents [4]. The
fundamentals of DMAIC for health care projectsare asfollows:

- Define: Delineatein detail internal customers and external
customers (patients and family) and what each customer
type wants and needs. Define the processesin use and their
capabilities and clearly describe objectives for projected
improvement efforts [12].

« Measure: Delineate the quality characteristics that would
reflect improvement in customer satisfaction and process
performance. Measurement also involves the creation of
metrics on which the improvement effortswill be targeted.

« Analyze: Analyzedatausing analytical tools, such asPareto
analysis, process flow diagrams, fishbone diagrams, and
statistical process control charts, to identify necessary
design and process modifications for achieving customer
satisfaction and performance objectives.

https://humanfactors.jmir.org/2022/4/€37905
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- Improve: Allocate resources and ring-fence them so that
design and process modifications needed for improvement
can be implemented rapidly and comprehensively [13].

«  Control: Monitor continuously using quality management
tools to ensure that the performance improvements are
maintained.

Objective

Theoverall goal of applying a Six Sigma processimprovement
project plan and the objective of this study isto improve and to
measure any improvement that automation, staff reallocation
and reorientation, workflow change, and integration would make
to service, safety, and efficiency in an outpatient pharmacy
department.

The DMAIC Six Sigma change management process works
most effectively when a problem statement is created to focus
on an area of concern, a condition to be improved upon, or a
difficulty to be eliminated [14]. We undertook a series of
analyses to define the characteristics of our problem and its
individual issues and to generate our problem definition:

« Supplies, inputs, process, outputs, customers (SIPOC)
end-to-end actions overview (see Figure 2). The value of
SIPOC andlysisisthat it identifies chokepoints at each stage
of the input and output processes. The breakdown should
have the least number of steps feasible to adequately
describe the total process and ends with the internal and
external stakeholders to ensure that all change is directed
at improving results directly related to these individuals.
In this study’s SIPOC, the bulk of change was in the third
stage of the process, and this directly impacted the final
output in terms of medication turnaround time (TAT) and
patient waiting time, ring-fenced time for counseling, and
medication safety, as indicated by the fourth output stage
for reported incident rates.

«  Critical steps within SIPOC (see Table 1). As discussed
earlier, the bulk of the activity was at the third stage of
SIPOC. A more detailed process mapping of the critical
stepswith the average TAT and types of tasks (value-added
[VA] or NVA) was created to find potential delay points
and opportunities for change.

«  Customer and stakehol der segmentation and identification
(see Textbox 1).
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Figure 2. SIPOC end-to-end mapping of medication to patient actions. CPOE: computerized provider order entry; SIPOC: supplies, inputs, process,

outputs, customers.
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Table 1. Outpatient medication-dispensing process map before Six Sigma process application, with critical steps’ mapping and TATS

Step Procedure Projected Stakeholder  \/ab/NVAC Internal/external failure  Control/inspection
TAT (digital
minutes)
1 Order amedica- 0.1 Physician n/Ad Unclear order Outpatient clinic
tion. Physician unavail-
able
2 Receivetheorder. 0.2 Pharmacist VA Unavailability of Support from other staff or supervisor;
staff call doctor
Unclear order
3 Verify the order. 1.0 Pharmacist VA Unavailability of Substitute/borrow
medication
4 Enter the medica= 1.0 Pharmacist VA Unavailability of Hardcopy reference available
tion into the reference to check
CPOE®.
5 Processthemedica- 1.0 Pharmacist VA Network downtime Pharmacy manual backup system
tion though the
CPOE.
6 Generateamedica= 0.3 Pharmacist NVA Network downtime Pharmacy manual backup system
tion label.
7 Pick the medica= 8.0 Pharmacist NVA Unavailability of Support from other staff or supervisor
tion. staff
8 Label themedica 0.5 Pharmacist NVA Lost label Reprint |abel
tion.
9 Check the com- 1.0 Pharmacist NVA Unavailability of Use technicians
pleteness of the or- staff
der.
10 Transportthemed- 1.0 Pharmacist NVA Unavailability of Use technicians
ication to the dis- staff
pensing window.
11 Double-check the 1.0 Pharmacist VA Unavailability of Hardcopy reference available
dispensed medica reference to check
tion against the
prescription.
12 Dispensethemedi- 2.0 Pharmacist VA Unavailability of Support from other staff or supervisor;
cation. staff call doctor
Refused by patient
13 Counsdl thepatient 1.0 Pharmacist VA Unavailability of Support from other staff or supervisor;
and check back pa- staff call doctor
tient understand- Refused by patient
ing.
14 Themedicationis 1.0 Patient N/A Unavailability of Support from other staff or supervisor;
received and in- staff call doctor
structions under- Refused by patient

stood.

8TAT: turnaround time.

byA: value-added (total projected TAT=7.2/19.1, 38%, digital minutes; number of VA tasks=7/14, 50%).
°NVA: non-value-added (total projected TAT=10.8/19.1, 57%, digital minutes; number of NVA tasks=5/14, 36%).
dN/A: not applicable (total projected TAT=1.1/19.1, 5%, digital minutes; number of N/A tasks=2/14, 14%).

€CPOE: computerized provider order entry.

https://humanfactors.jmir.org/2022/4/€37905

RenderX

JMIR Hum Factors 2022 | vol. 9 | iss. 4 | 37905 | p.97

(page number not for citation purposes)


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

JMIR HUMAN FACTORS

Textbox 1. Identified customer and stakeholder segments by priority.

Al Nemari & Waterson

Internal

o  Pharmacists

o  Technicians

«  Hospital information technology (HIT) team
o  Physicians

o  Warehouse stock team

External
o Patients
«  Pharmaceutical vendors

«  Technology vendors

The end-to-end survey of the process showed weaknesses at
multiple points in terms of safety, quality, and efficiency. The
survey identified the following areas of concern:
medication-picking times, labeling accuracy and times,
availability of medications, wastage through expiry and patient
no-show, TAT for reintroduction of unused medications, and
time taken in completing inventory. Of particular concern was
the difficulty in constructing a viable risk management
mitigation plan based on failure mode effect analysis (FMEA)
that was undertaken concurrently due to alack of transparency
in the workflow and alack of data generated by the system.

In classic FMEA planning [15] for any high-risk activity, and
particularly activities with a high risk of low chance or no
chance of detection of errors, the activity is broken down into
individual steps, each of which can mitigate, correct, or annul
any error inthe previous steps. Our SIPOC did indicatealogical
FMEA process to a certain degree, as steps involving the risk
of error in terms of cross-checks versus the computerized
provider order entry (CPOE) and picking preceded the final
verification checks before the ultimate interaction with the
patient by the pharmacist. However, previous steps, in particular
the labeling and transport of the medication to the dispensing
window by a pharmacist, were identified as adding to the risk
of reinforcement of error during the final pharmacist check
before release of the medication to the patient. For example,
the risk during medication picking of alook-alike sound-alike
(LASA) error. LASA error rates have been reported as being
as high as 25.9% of al reported medication errors [16].
Furthermore, the manual application of a patient label at this
stage risk influencing the pharmacist during thefinal check and
may in fact risk reinforcing the chance of error rather than
averting it [17,18].

It was al so noted during our review that the time spent with the
patient for medication counseling was potentially too short to
allow for optimal counseling and education [19]. The
patient-pharmacist timewas a so likely to be* squeezed” by the
need to manage patient volume and to handle increasing
transaction rates per day [20].

We wanted our medication chain to have improved detection,
and decreased risk, of error at each stage of the medication
chain. FMEA risk priority numbers (RPNs) were calcul ated for
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all perceived risks in day-to-day operations of the outpatient
pharmacy department. In this study, we focused on the 2
conditions laid out earlier, as they are central to patient safety
but al so reflect possible efficiency gainsthat could be obtained
by introducing automation. The FMEA RPNs (severity score
[SS] x probability score [PS] x detectability score [DS]) were,
respectively:

Misinterpretation  of
medication error:

SSx PSxDS=6x3x7=126
Patient |eaves unit with inadequate counseling:

SSxPSxDS=4x5x3=60

The high PSfor inadequate counseling was based on the degree
of variability in patient servicetime, discussed |ater. Our scores
overall wereinlinewith risk calculations madein other centers
reviewing manual dispensing systemsfor outpatient departments
[3]. See Multimedia Appendix 1 for afuller description of the
process and improvement criteria according to the Institute for
Healthcare Improvement [21].

prescription-wrong  patient-wrong

These analyses alowed for a Six Sigma problem statement to
be generated:

The current system of outpatient dispensing denies
quality to patientsin terms of waiting time and contact
time with pharmacy professionals, incor poratesrisks
to the patient in terms of mislabeling of medications
and incomplete dispensing of prescriptions, and is
potentially wasteful in terms of time and resources.

Methods

Study Design
The study lasted 20 months (April 2019-December 2020), with
ago-livefor the automated pharmacy after 3 months (July 2019).

To assess the impact of changes brought about by automation,
task reassignment, and workflow restructuring, it was necessary
to establish further metrics; we reviewed our Six Sigma change
process and reviewed the steps delineated in Table 1 and its
process map analysis of discrete events with an average TAT
for each step, with arisk of delay by causefor each stage (Table
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2). Going forward, the TAT was caculated from multiple
observations at each step of the process.

It was possible to directly review causes for protracted TATSs
and frequent delays. Given the substantial number of
stakeholders and multiple data points, an Ishikawa fishbone
cause-and-effect diagram was built to assist the team of internal
stakeholdersin brainstorming to capture the sources of process
variation, to drill down for the causes of delay, to investigate
each detrimental effect, and to determine correctable and
improvable causes [22].

https://humanfactors.jmir.org/2022/4/€37905

Al Nemari & Waterson

The discrete events identified were selected for correction,
improvement, or mitigation. Thefinal task during our appraisal
was to return to the TAT and delay assessment and, in
conjunction with the Ishikawa exercise, to decide on the final
variables and derived metrics that would indicate, most
accurately, reliably, and appropriately, the effect of any changes
we put in place. The team, supported by the facility’s analytics
department, selected 11 key measurable outcome variables and
derived metrics (see Table 3). The review also aided with team
selection as we identified process variations and chokepoints
hindering improvement (see Figure 1) and could recruit
personnel directly involved at these pointsinto the project team.
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Table 2. Process map analysis for average TAT? and delay postautomation.

Al Nemari & Waterson

Step  Procedure Projected TAT Stakehol der vAP/NvAC  Internal/external failure  Control/inspection
(digital minutes)
1 Order a medication. 0.1 Physician N/AD « Unclear order Outpatient clinic
o  Physician unavail-
able
2 Receive the order. 0.2 Pharmacist VA «  Unavailability of Support from other staff
staff or supervisor; call doctor
o Unclear order
3 Verify the order. 1.0 Pharmacist VA « Unavailability of Substitute/borrow
medication
4 Enter themedicationintothe 0.1 Integration N/A «  Unavailability of Hardcopy reference
CPOE®. referenceto check  available
5 Process the medication 0.1 Integration N/A «  Network downtime Pharmacy manual backup
though the CPOE. system
6 Generateamedicationlabel. 0.1 Automation/integras N/A «  Network downtime Pharmacy manual backup
tion system
7 Pick the medication. 1.0 Automation/integras N/A «  Unavailability of Support from other staff
tion staff Oor supervisor
8 Label the medication. 0.1 Automation/integras N/A o Lostlabel Reprint label
tion
9 Check the completenessof 0.1 Automation/integras N/A «  Unavailability of Use technicians
the order. tion staff
10 Transport the medicationto 0.2 Automation/integras N/A «  Unavailability of Use technicians
the dispensing window. tion staff
11 Double-check thedispensed 1.0 Pharmacist VA «  Unavailability of Hardcopy reference
medication against the pre- referenceto check  available
scription.
12 Dispense the medication. 18 Pharmacist VA «  Unavailability of Support from other staff
staff or supervisor; call doctor
« Refused by patient
13 Counsel the patient and 5.0 Pharmacist VA «  Unavailability of Support from other staff
check back patient under- staff or supervisor; call doctor
standing. « Refused by patient
14 The medication isreceived 1.0 Patient N/A «  Unavailability of Support from other staff

and instructions understood.

staff
» Refused by patient

or supervisor; call doctor

&TAT: turnaround time.
bVA: value-added (total projected TAT=9.0/11.8, 76%, digital minutes, number of VA tasks=5/14, 56%).
°NVA: non-value-added.
dN/A: not applicable (total projected TAT=2.8/11.8, 24%, digital minutes; number of N/A tasks=9/14, 44%).
€CPOE: computerized provider order entry.
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Table 3. Key measurable outcome indicators.

Al Nemari & Waterson

Variable and derived Typeof Assessment methods Pre-reengineering metrics  Postreengineering metrics Inferred metric
metric metric
Peatient waiting time Out- o  Totd timeindepart- 17.093 o« 11812 Improvement in adher-
from presentation to comein- ment —timeinteract- ence, reduction in ad-
departure with correct  dicator ing with pharmacist verse drug events
medi cations and appro- for medication edu- (ADEs) at home
priate counseling cation and counsel-
ing
Completeness of al Out- «  Percentage of com- Dataof 6 monthsat «  Dataof 6 monthsfollow- Pre-post availability of
dispensed prescriptions comein- plete prescriptions initial and immediate ing go-live (1) and 6 medicationsin percent-
dicator dispensed versusor- stages of automation monthsof systemstabiliza=  age inventory trans-
ders takeover (using auto- tion (2) parency
o Error rate per 1000 mated pharmacy syss « 1. mean 2.99% (SD
items dispensed tems to account for 2.82%)
lack of dataprerobot- «  2: mean 1.83% (SD
ic pharmacy) 0.99%)
Mean 3.0% (SD
5.07%)
Orders sampled
(N=14,991)
Accuracy of all dis- Out- «  Medicationerror re- Mean 1.00% (SD «  Mean0.24% (SD 0.299%) \workflow EMEA2 ca-
pensed medications comein- porting viaincident 0.279%) pacity to prevent error
dicator reporting system reaching patient
(one year pre- and
post-engineering via
web-based incident
reporting system)
« In-out discrepan-
cies/day
e Number of midabel-
ing events caught
. Dataof 1year pre-
and postreengineer-
ing
FMEA RPNP for “mis- Out- . Recalculate FMEA stxpdxpst=g * SSxPSxDS=6x1x4 Safety of process
interpretation of pre-  comein- RPN postreengineer- x3x7=126 =24 .
scription-wrong patient-  dicator ing «  PSreduced by aratio of
wrong medication er- 4:1 (1.0%:0.24%)
ror” reduced from the «  DSreduced as more com-
initial score of 126 pleteinformation and
transparency of workflow
increased
FMEA RPN for “pa- Out- « Recaculate FMEA SSxPSxDS=4x « SSxPSxDS=4x2x3 Reduced likelihood of
tient leaves unit with comein- RPN postreengineer- 5x3=60 =24 unscheduled return to
inadequate counseling”  dicator ing « 5digita minutesof time  hospital caused by
reduced from theinitial «  Pharmacist spends counseling the patient medication nonadher-

score of 60

more time for con-
sultation in digital
minutes or % per
interaction

ring-fenced compared to
1 digital minute in preau-
tomation; however, time
still being structured for
optimal effectiveness

ence
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Variable and derived Typeof Assessment methods Pre-reengineering metrics  Postreengineering metrics Inferred metric
metric metric
Pharmacist deployment  Out- « NVAtaskshyem- o Total 17.093digital «  Total 11.812 digital min-  Ability to apply human
toVAf vsNVATdtaks  comein- ployed digital min- minutes per prescrip- utes per item resources to VA, pa-
dicator utes per item dis- tion « NVA=0 tient-centered activities
pensed x average o  VA=6.44digita min- .« VA=10.247 digital min-
number of utes per item utes per item
items/year dis- « NVA=9.67 digital o  N/A=1.565digita minutes
pensed minutes per prescrip- per item
«  Timenot including tion « NVA time=0
maintenancetasks  «+  N/AN=0.98 digital
and manud invento- minutes per prescrip-
ry tion
e  NVA time=mean
28,831 (SD 2992.60)
new prescrip-
tions/month x 9.67 x
12=3,345,549.2 digi-
tal minutes=2323
days 7 hourslyear
(24-hour service)
*  1FTE'=225
days/year=10.33
FTEs
Prescriptionsfilled Process «  Items/day/year . Dataof 1year pre- . Dataof 1year postreengi- Fluctuation manage-
quality reengineering=7824 neering=9884 ment, pharmacist pro-
indica- items/day=2,856,000 items/day=3,607,400 ductivity (productivity
tor items/year items/year ratio=1.26)
Waste through expiry,  Out- o Caculatedby cost « US$124,592.24lost « US$20,017.98 lost to Reduction of expired
loss, or falluretoreintro-  comein- of a“basket” of 8 to waste (Table 4) waste stock loss: more effi-
duceinto the system dicator diverse prescrip- o 83.9%reductioninwaste cient, leaner stock
tions across basket (Table 4) (lower stock level, low-
«  Percentage waste er cash binding)
change postreengi-
neering (Table 4)
Staff educationonauto- Process o  Directedin-service o In-serviceteaching «  In-serviceteachingtime  Movepharmacistsfrom
mated processes and quality education time devoted to devoted to use of freed-up  functional rolestoinno-
workflow changes, and indica time/month workflow per time per month=mean vative roles
direction on use of tor month=mean 825 637.5 (SD 341.64) digita
freed-up time: (SD 375) digital min- minutes
polypharmacy, counsel - utes
ing techniques

3FMEA: failure mode effect analysis.
PRPN: risk priority number.

€sS: severity score.

dps; probability score.

€DS: detectability score.

fVA: value-added.

9INVA: non-val ue-added.

ANJA: not applicable.

IFTE: full-time employee.
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Table 4. “Basket” of 8 prescription medications reviewed for costs of waste by expiry or incorrect storage over 1 year.

Medication name and dose Unit value (US  Unit waste pre- Cost waste pre- Unit waste Cost waste postreengi-
%) reengineering reengineering (US$)? postreengineering neering (US $)b

Everolimus 10 mg 151.88 630 95,681.25 o) 13,668.75

Isoniazid 10 mg/mL 65.41 9 588.67 5 327.04

Lipase 5000 international units (IU)  59.40 215 12,771.00 30 1782.00

+ amylase 3600 |U + protease 200

IU granules

Apomorphine 10 mg/mL 45.36 300 13,608.00 85 3855.60

Cetrorelix 0.25 mg injection 33.40 9 300.62 5 167.01

Tacrolimus 0.03% cream 14.85 55 816.75 6 89.10

Methotrexate 7.5 mg/0.15 mL sy-  12.96 34 440.64 3 38.88

ringe

Cefdinir 125 mg/5 mL suspension  8.96 43 385.31 10 89.61

#Total cost waste pre-reengineering=US $124,592.24.
bTotal cost waste postreengineering=US $20,017.99.

Therational e for the selection of variableswasthat they directly
address the key areas of the problems and questions we were
trying to solve, asidentified in our Six Sigma process mapping
and Ishikawa deconstruction, and they also work across the
spectrum of a complex of issues that are interrelated and
interdependent: thiswas afundamental reason for selecting Six
Sigma as our change methodology, as improvements in 1
variable could impact multiple metrics and the interplay between
themiswell described through Six Sigmawith itsidentification
of chokepoints to improvement. The variables identified for
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RenderX

metric devel opment were the risk of dispensing errors, the risk
of the system reinforcing the error risk rather than mitigating
it, the question of how much transparency the system has, the
loss of staff value, the patient experience, maintaining adequate
throughput in the system to dlow for ring-fenced
pharmacist-patient time, ensuring medication availability
through integration, and reducing medication loss through
expiry/misplacing. The purpose of the derived metrics was that
they triangulate with data the variables we wanted to investigate,
which are difficult to address directly (Table 5).
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Table 5. Selected variables and derived metrics with rationales.

Al Nemari & Waterson

Variables

Derived metrics addressing variables

Selection rationale for variables and derived
metrics

Patient experience, ring-fenced pharmacist-patient
time, staff value and use

Risk of dispensing error, dispensing throughput,
medication loss, system transparency

Risk of dispensing error, system transparency

Risk of dispensing error, system transparency

Ring-fenced pharmacist-patient time, system
transparency, staff value and use

Ring-fenced pharmacist-patient time, system
transparency, staff value and use

Dispensing throughput, system transparency, staff
value and use

Medication loss

Ring-fenced pharmacist-patient time, patient ex-
perience, staff value and use

Patient waiting time from presentation to depar-
ture with correct medications and appropriate
counseling

Completeness of all dispensed prescriptions

Accuracy of all dispensed medications

FMEA RPN for “misi nterpretation of prescrip-
tion-wrong patient-wrong medication error” re-
duced from the initial score of 126

FMEA RPN for “patient leaves unit with inade-
quate counseling” reduced from theinitial score
of 60

Pharmacist deployment to VAS vs NVA tasks

Prescriptionsfilled

Waste through expiry, loss, or failure to reintro-
duceinto the system

Staff education on automated processes and
workflow changes, and direction on use of freed-
up time: polypharmacy, counseling techniques

Indirect measurement of patient satisfaction and
experience (linked to waiting time [1]), indirect
indication of probability of ring-fenced pharma-
cist-patient time being maintained

Direct measurement of complete orders, indirect
assessment viaincident reporting and root-cause
analysis of medication not being available

Direct measurement of error rate viaan incident

reporting system, FMEA?® indirect assessment
of error detectability viaFMEA scoring pre- and
postautomation

Change in RPN calculated from PSS and DS

Changein RPN calculated from PSand DS

Semidirect calculation derived from calculation
of timefor NVA taskseliminated by automation
against total unit throughput in medicationsdis-
pensed

Direct measurement of ability to meet demand
and ability to measure volume handled, indirect
measurement of how successfully automation
and human systems are interacting

Direct and frequent inventory of medication
stock and waste, expired medications counted,
derived calculation of misplaced medications

Indirect indication of staff engaging in counsel-
ing and in patient engagement

3FMEA: failure mode effect analysis.
BRPN: risk priority number.

PS: probability score.

4DS: detectabil ity score.

SVA: value-added.

NVA: non-val ue-added.

Our review of the materials and solutions needed for the
automated “heart” of our reengineering of the process and
management of the outpatient pharmacy was guided by areview
of theliterature[3,5]. Technology selection in termsof required
storage, picking, and delivery rates was made through areview
of 2017-2019 pack-dispensing rates (mean 292,662, SD 34,301
packs/month; mean 10,452, SD 1225 packs/day) for a mean
patient load of 42,663 (SD 2992) patients/month, or 1524 (SD
107) patients/day.

As noted before, we experienced an increase of ~15%
patients/year using the service, and we planned for thisrequired
extra capacity.

The outpatient pharmacy operated, both pre- and
postautomation, a 24-hour service, with peak times from 9:00
am. to noon and from 4:00 p.m. to 6:00 p.m. Thiswasimportant
to note for planning as no restocking could be expected to take

https://humanfactors.jmir.org/2022/4/€37905

place during these periods, with both robotic units dedicated to
meet the dispensing demand.

Our goal was to achieve as extensive an automation of the
processes of stock management as possible; therefore, we
investigated systems with semi- and fully automatic input, and
thiswas planned to take place during low-patient-volume hours
at aminimum rate of 350-500 packs/hour input.

BD Rowa Vmax 160 hardware was selected based on the
aforementioned criteriafor picking and input speed and positive
integration attributes. Two machineswere purchased, each with
dimensionsof 7.4 mlength x 1.6 mwidth x 2.9 m height. Each
unit has a capacity for ~12,500 medications, with a potential
high-density storage capacity of 18,300-20,100 medications.
The external architecture serves 9 dispensing desks via spiral
chutes, fed by 2 unidirectional belts with feed gates, serviced
by 1 bidirectional belt feeding from 4 exit points of the 2 robot
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picking units. Given the substantial volumes of medications
dispensed per day in our outpatient department, and to achieve
the higher rate of medication picking and dispensing that we
required to meet our targets, we opted not to connect the 2 units
but instead to stock both units fully with required medications.
Connecting the units has some advantages in that if 1 robotic
unit is operating at a faster rate for picking, it can take over a
greater load and dispense more of the served dispensing desks.
However, this crossover of activity between units can interrupt
picking and create small, but important, breaks in dispensing
activity.

Refill of the robotic units was via an electronic refill system
that triggers stock requests versus par levelsfor each medication
held against a continuous inventory and consumption check.

The project took an open approach to integration with existing
hospital information technology (HIT), as planning wasin place
for replacement of the information environment of 2017 with
an organization-wide conversion to an Epic Systems Corporation
electronic medical record (EMR) with integration into the EMR
of all services and hedlth information and EMR support for
appointments, medication records, and prescription by 2022.

FutureGate Pharmaflow architecture was chosen for initial and
ongoing integration of the robotic pharmacy. This solution can
interface viaHealth Level Seven (HL7) and isthereforeflexible
enough to operate through a changing HIT environment.

Where extra notation and extra labeling at medication input
were required for picking by the robotic pharmacy, these
barcodes were generated from the Pharmaflow formulary
manager, although the gradual introduction of the Global Trade
Item Number (GTIN) for medications over the go-live and study
period reduced this need somewhat. Whole-box dispensing was
used.

The Pharmaflow solution was also chosen based on ensuring
continuity of service. The solution’s VMware that supportsthe
robotic pharmacy’s interoperability is entirely within the
facility’s firewall, and there are no requirements for inbound
ports to be opened. Urgent maintenance reguests are managed
by a remote access broker via a Secure Sockets Layer (SSL)
over Transmission Control Protocol (TCP) port 443 (outbound
rule only). Virtual proxy network (VPN) accessisinitiated by
our facility if access by vendor engineersisrequired for remote
server maintenance. The user identification and the date and
time of any action are electronically logged.

The question of wastage of medications and whether thisreduces
following the implementation of automation was addressed by
a retrospective review of manual inventories for loss through
expiry or incorrect storage of abasket of 8 diverse medications
pre-reengineering and a review of automated reports
postreengineering for these same medications (see Table 4).
The medications were selected to be representative of a wide
selection of the types of medication we carry in our outpatient
inventory, from slow-moving items  with
small-inventory-volume items to commonly used medications
with larger holding stock volumes, specidist items, and
parenteral and enteral products. Higher-cost items were not
used, as their single-item value could skew the inventory costs
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savings and they were subject to individual stock control
measures.

This targeted approach was taken as data in the prephase, due
to the difficulties in undertaking a systemwide inventory, were
limited.

Ethical Consider ations

As data are continually collected from medical devices across
our facility, and all nursing and medical staff are aware of
ongoing collection and analysis of actual and near-miss events,
no formal consent was required from the ethics committee of
King Fahad Medical City for data gathering.

Study Procedure

The data recorded for analysis were patient-anonymized for
hospital number, gender, name, date of birth, or other
identifiable material. All employees activein the outpatient unit
wereinformed of the purpose of the study and the data collection
taking place. Furthermore, the change management process and
attendant data gathering are a consistent part of the facility’s
process of Joint Commission International (JCI) quality
improvement and zero-harm targets. According to facility
protocols, the pharmacy department owns all medication
management automation data and is recognized as the lead
department for medication safety. BD Clinical and FutureGate
Global Customer Services were engaged to optimize the
automated solution. BD Medical Affairs was requested to
undertake a deeper analysis of the data. The medical affairs
department of BD operates as a distinct arm outside of the
commercia operations of the company.

Inclusion Criteria

All formulary tablet and capsule orders were dispensed viathe
outpatient pharmacy as original-pack medications either as
newly prescribed or as represcribed items; this included
whole-box brand name medications entered into the system via
manufacturers’ barcode identification and whole-box generic
medications entered into the system viafacility-applied barcode
identifiers. Ready-for-use suspensions and suspensionsrequiring
reconstitution wereincluded, aswere enzyme supplement packs
in granular form. Prefilled medication syringes and powder and
solvent injection kits were included as packs and individual
items according to prescriptions.

Exclusion Criteria

The study did not include unit-dose medicationsfor suspensions,
tablets, or capsules. Patient-named medication and blister packs
were excluded.

Results

Summary weekly reports from preautomation showed mean
and median service times dlightly below the projected TAT of
19.1 digital minutesfor 75% of patients; however, thiswas~47
digital minutesfor 95% of patients. Postautomation resultsfrom
early 2020 showed that the mean average TAT fell to 11.8
digital minutes, with 88% of patients served within 20 digital
minutes (see Table 6).
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Table 6. Sample prescription dispensing TATs? pre- and 3 months postautomation.

Sample Preautomation 3 months postautomation
Mean (SD) 17.093 (5.743) 11.812 (3.821)

Variance 32.977 14.597

Skewness 1.26864 0.840425

Kurtosis 2.21838 0.271411

N 53 53

Minimum 8.128 6.456

1st quartile 13.619 9.026

Median 15.829 11.096

3rd quartile 20.097 14.029

Maximum 36.635 21.783

95% CI for mean (SD) 15.510-18.676 (4.280-7.105) 10.759-12.865 (3.207-4.727)
95% Cl for median 14.702-16.987 9.599-12.637

8TAT: turnaround time.

Discussion

Principal Findings

The Six Sigma methodology allowed for rapid transformation
of the medication management process. The RPN for “wrong
patient-wrong medication error” reduced by aratio of 5.25:1
and for “patient leaves unit with inadequate counseling”
postautomation by 2.5:1. As per the Institute for Healthcare
Improvement guidelines[21], a50% (2:1) reduction inthe RPN
indicates a successful FMEA process. The percentage of
incomplete prescriptions dispensed versus orders decreasing
from 3.0% to 1.83% is in line with previous studies of risk
analysis[3]. Thedispensing error rate drop from 1.00% to 0.24%
is perhaps a reflection of the change in workflow with a
reduction in the risk of dispensing from “upstream” labeling
errorsin the pre-reengineering process.

The FMEA detectability scores are a continuing concern for
counseling, although automation has allowed for ring-fencing
of patient-pharmacist time. The difficulty is, of course,
quantifying the effectiveness of counseling. A structured
approach to patient education and the use of the “teach back”
methodology may alow us to quantify the effectiveness of
patient counseling more completely. It is notable that the 95%
Cl for the median time for medication dispensing carries a
narrower dispersal of times (9.599-12.637 vs 14.702-16.987),
and this reduction in variability, as well as the reduced time
overall, gives us more confidence for planning for consistent
structured pharmacist-patient counseling time. The extra time
has been created from areductionin NVA pharmacist tasks and
reduced patient waiting time.

The evolving EMR project may be of assistance in assessing
the impact of thisincreased patient-pharmacist time, asit can
help us determine the volume of admissions related to
nonadherence to medication or incorrect medication usage at
home by patients. Small-scale studies have indicated that in
Saudi Arabia, hospital admissions due to medication errors at
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home account for 14.7% of emergency room admissions, with
failureto take or receive medication being responsiblefor 47.2%
of these presentations [23].

Personnel were a central component of the Ishikawa diagram
of deficiencies, and it is notable how much NVA task time was
uncovered by the change to automation in terms of full-time
employee (FTE) time devoted to these types of tasks. The
substantial FTE time saved will not lead to a reduction in
workforce; redeployment and reorientation of staff through
education for more patient-directed activity are ongoing, and
given that we expect ongoing increases of ~15% patients/year
using the service, we recognize the need for extra capacity in
all areas of the department.

We undertook a series of analyses to define the characteristics
of our problem, and 1 major problem we encountered was that
many of the manual activities we undertook preautomation
generated no data or data that were hard to obtain and appraise.
With automation, agreat deal of “passive” data collection takes
place, giving improved transparency to the system.

For example, the selection of a “basket” of medications for
wastage review was required due to a lack of data
preautomation, and the cost saving calculated from this was
substantial. Postautomation, with a dynamic inventory, we can
extend these reviews across the entire stock held within the
robotic pharmacy. Other studies of robotic pharmacy
installations have shown a return on investment (ROI) within
3.5-3.75 years [1,6], with reduced wastage as a significant
component of thisreturn.

Conclusion

Our data indicate that the efficiency and safety of the system
are improving with time. We believe that these ongoing
improvements are related to staff having “learned” the
technology and becoming increasingly proactive in its use and
being able to use the new systems more effectively, as well as
exploiting opportunities presented by automation. Our initial
Six Sigmaproblem statement included the issue that our system
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was “potentially wasteful in terms of time and resources” A more clearly identify where these potential 0sses are and more
key aspect of the reengineering we undertook is that we can  accurately target them.
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Abstract

Background: According to the US Food and Drug Administration Center for Biologics Evaluation and Research, health care
systems have been experiencing blood transfusion overuse. To minimize the overuse of blood product transfusions, a proprietary
artificia intelligence (Al)-based blood utilization cal culator (BUC) was developed and integrated into aUS hospital’s electronic
health record. Despite the promising performance of the BUC, this technology remains underused in the clinical setting.

Objective: This study aims to explore how clinicians perceived this Al-based decision support system and, consequently,
understand the factors hindering BUC use.

Methods: Weinterviewed 10 clinicians (BUC users) until the data saturation point was reached. Theinterviews were conducted
over a web-based platform and were recorded. The audiovisual recordings were then anonymously transcribed verbatim. We
used an inductive-deductive thematic analysis to analyze the transcripts, which involved applying predetermined themes to the
data (deductive) and consecutively identifying new themes as they emerged in the data (inductive).

Results:  We identified the following two themes: (1) workload and usability and (2) clinical decision-making. Clinicians
acknowledged the ease of use and usefulness of the BUC for the general inpatient population. The clinicians also found the BUC
to be useful in making decisions related to blood transfusion. However, some clinicians found the technology to be confusing
due to inconsistent automation across different blood work processes.

Conclusions: This study highlights that analytical efficacy alone does not ensure technology use or acceptance. The overall
system'’s design, user perception, and users' knowledge of the technology are equally important and necessary (limitations,
functionality, purpose, and scope). Therefore, the effective integration of Al-based decision support systems, such as the BUC,
mandates multidisciplinary engagement, ensuring the adequate initial and recurrent training of Al users while maintaining high
analytical efficacy and validity. As afinal takeaway, the design of Al systems that are made to perform specific tasks must be
self-explanatory, so that the users can easily understand how and when to use the technol ogy. Using any technology on apopulation
for whom it was not initially designed will hinder user perception and the technology’s use.

(JMIR Hum Factors 2022;9(4):€38411) doi:10.2196/38411

KEYWORDS

artificial intelligence; human factors; decision-making; blood transfusion; technology acceptance; complications; prevention;
decision support; transfusion overload; risk; support; perception; safety; usability
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Introduction

Blood Transfusion and Challenges

Blood product transfusion (BT) is a critical aspect of routine
clinical practice, and over 10.5 million units of blood are
transfused annually in hospitals within the United States[1,2].
BT is essential across multiple health care domains [3]. There
exists asubstantial need for blood, and this need has increased,
asthe burden of chronic diseases has overlapped with increasing
life expectancy [4]. Unfortunately, health care systems have
been experiencing BT overuse (unnecessary transfusion), that
is, patients are being given more blood than what is
physiologically required. The practice of transfusion overuse
has been a concern in multiple other countries, including the
United Kingdom, Spain, Northern Ireland, and South Africa
[5-10Q]. Transfusion overuse can make patients prone not only
toimmunological reactions, including hemolysisand acute lung
injury, but also to circulatory volume overuse and acute heart
failure [11]. In 2011, there were 30 casualties reported among
transfusion recipients in the United States, and among all
associated risks, transfusion-related acute lung injury and
volume overload have been significant causes of morbidity
[12,13]. Besides hedlth risks, transfusion overuse also
contributesto increased hospital expenses and worsens already
limited blood product supplies, resulting in shortages.

The drawbacks of transfusion overuse have been long identified
by authorities and have instigated much interest in
institution-based and national patient blood management
initiativeswithin the United States[11,12,14,15]. Additionally,
efforts have been entrusted with clinical studies aiming to
optimize blood transfusion practices. Research has proposed
clinical practice guidelines and processes to standardize blood
transfusion. However, noticeable variability in transfusion
practices and related outcomes for patients remains. Deciding
to transfuse a patient is not always straightforward or linear,

https://humanfactors.jmir.org/2022/4/e38411

Choudhury et al

and this decision cannot be consistently made based on specific
criteria [12,16]. The determinants of standardized blood
transfusion encompass severa variables, including the clinical
scenario, patient risk factors, comorbidities, vital signs, therate
of anemia onset [17], the bleeding rate, and many others. No
one numerical laboratory value can be used as adefinitive guide
for blood transfusion [12,16]. Other factors, such as an
insufficient understanding of transfusion guidelines and the
diverse recommendations of medical societies, can also
contribute to inconsistencies in blood transfusion practices.

Blood Utilization Calculation

To minimize transfusion overuse, a proprietary artificial
intelligence (Al)—based blood utilization calculator (BUC) was
developed and integrated into the electronic health record at a
university hospital in Wisconsin. It isamodule of an electronic
decision support program known asthe Digital Intern (Integrated
Vital Medical Dynamics, LLC), and it was designed to ensure
the standardization of red blood cell transfusion, following the
blood transfusion guidelines. This digital technology runson a
proprietary Al algorithm that provides clinical recommendations
for the number of packed red blood cells required to achieve
the target hemoglobin or hematocrit value for a given adult
patient. It has been reported that the target hemoglobin value
was achieved in more than 96% of prescribed transfusionswith
the help of the BUC (Figure 1) [6,18,19]. It has also been
pointed out that the BUC ismore consistent than clinicians[18].
Further details of the BUC have been explained elsewhere[20].

Despiteits promising performance, the BUC remains underused
in the clinical setting. Clinicians often reject BUC
recommendations [19], resulting in transfusion overuse and
related expenses. Therefore, this qualitative study aims to
explore how clinicians perceived this Al-based decision support
system and, consequently, understand the factors hindering
BUC use.
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Figurel. Theartificia intelligence—based blood utilization calculator.

w Blood Products
+ Red Blood Cells (Weight >=40 kg)

Select indication below. When appropriate, the system will automatically suggest the appropriale number of units for this patient based on the indication.
- For more information about the Blood Utilization Calculator (BUC) click here

() R1 Planned procedure/Surgical preparedness

() R2 Active bleeding/acute blood loss {i.e, surgical, trauma, acute Gl bleed)
() R3 Target Hgb > 7 g/dL or Hct = 21% in stable, non-blesding patient or slow Gl bleed [CALCULATED VOLUME FOR THIS PATIEMT=1 UNIT]

(C) R4 Target Hgb > 8 g/dL or Hct > 24% in patients with- symptomatic anemia not meeting criteria for R3 and with diseases significantly impairing tissue O2 delivery, acute coronary
syndromes (e.g.. MI, unstable angina) [CALCULATED VOLUME FOR THIS PATIENT=2 UNITS]

(RS Protocol based blood order (e.g, ECMO, stroke/cerebral vasospasm, sickle cell disease exchange transfusion)
(O R6 Other
Transfuse Red Blood Cells (Weight >=40 kg) o Cancel

Frequency: TRANSFUSE 2 UNITS £ | 1uni
For 2 [H| |Occumences| |Hours| |Days| |weeks
Starting: 12/42020 (3 [Ynday :Tomnrmw| At (1144 @ show Additional Options ¥

Starting: Today 1144 Until Specified
(D There are no scheduled times based on the current order parametars

Process Inst: Patient Weight

12/01/20: 40 kg (88 1b 2.5 07) ]
All gellular preducts are keukocyte-reduced (CMV safe)
1 Red Blood Cell Unit ~ 350 miL. N

Orun Each Unit Over Munuleil |_1 l-ioul| II.SI-IWE: |2 Houri:: |3 Hours_i Edﬂuulsi

Cther (Comments)

Comments 2% O (DD #|[onsent Smatieas - %E

Record vitals pre transfusion (within 15 minutes before the start), 15 minutes after start, and post
transfusion (within one hour of completing)
Hole: These wital sign intervals do not apply to rapd transfusions.

O tiext Required  Accept | X Cancel
Red Blood Cells (Weight >=40 kg)
Transfusion History Frequency: 2 UNITS P |_I unit| ~
Questions Respomses For. 2 [8 |Occumences! |Hours | [Days: Weeks
Irradiated Yes ",—1'- —
HLA Matched Yes Starting: 12/472020 (3] [Today| !If'.?f'_‘?ﬂ AL [L14S o
Cross-match Problems Ant-D 06/05/2020, P1 does First Occurmence: Today 1145 Last Occurrence: Today 1150
not Rh neg pl
T Scheduled Times &
12/04/20 1148, 1150
Last Lab Test Rewuits
Resulted:
Component Time Elapsed Value Range Status
Hematocrit T howr (1204720 1042) 15 % Fanad result
Hemeglobin A1 days (10723720 1436) 13.0 (L) 135172 gfdl Fanal result

Process inst: Patient Weight
12/01/20: 40 kg (28 16 2.9 02)

All cellular products are leukocyte-reduced (CMVY safe)

1 Red Blood Cell Unit = 350 mL

Bioed Product Need:

Pre-Op/Planned Procedune: Blood Bank will prepare the product in advance of surgery/procedure and held untel
picked up for surgery/procedure.

Routine: Blood Bank will prepare and dispense the product when the request to dispense is received

Reference 1. Blocd Component Trans
Links: 2286
Reason for Order R4 Target Hgb > 8 g/dL or Het > 24% in patients with- symptomatic anemia nat meeting critena for R3 ar 0

Blocd Product | pre-Op/Planned Procedure | [Routine| [sTat]
Need - i

4
e MILT?. Informed Consent UWHC Policy 4.17 3. Blood Product Guadelnes

ate Produst 12/4/2020 e
Needed

irradiated (See Blocd Product Guidelines) (May be pre-selected based on history)
Yes| |No |

@indication for ]
Irradiated Blocd

Methods Semistructured I nterviews

This study used a qualitative analysis of semistructured
Ethics Approval interviews to explore the factors affecting clinicians

Thisstudy took placein collaboration with auniversity hospital ~ décision-making regarding blood transfusion. Table 1 shows
inWisconsin. It obtained ethical approval from theingtitutional  the interview guide. The fundamental principle of qualitative

review board of the Stevens Institute of Technology, Hoboken ~ INterviewing is to provide a framework for participants to
(institutional review board ID: 2022-021N). expresstheir understanding on their terms[21]. Semistructured

interviews are typically used in qualitative research and are
among the most common data sources in health care research
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[22]. They consist of several key questions that not only help
define the areas to be explored but also allow interviewers or
interviewees to diverge from pursuing an idea or response in
more detail [23]. Most importantly, the flexibility of this
approach (in comparison to structured or unstructured

Table 1. Interview guide.

Choudhury et al

interviews) enablesinterviewersto stay focused on their research
agenda and alows for the discovery or elaboration of
information that is important to participants but may not have
previously been thought of as pertinent by the research team
[23].

Possible follow-up questions

Topic Guiding questions

General experiencewith  “l am curious to know how you feel when using
the BUC? BUC

General experiencewith “What are your thoughts about the impact of BUC
the BUC on patient safety”

Workload “Clinicians are often overloaded with work. How

do you feel BUC has helped reduce or increase
some of your workloads?’

Decision-making
the number of blood units to be transfused for a
patient — how do you know when to go with the
BUC recommendation and when to make your
judgment?’

Closure

“When you give the final recommendation about

“Thank you for taking the time to share your BUC

“How did it impact your clinical performance?’
«  “How does using BUC impact your decision-making?’

“Under what conditions do you think BUC can cause harm to
the patient or give the wrong recommendation?’

“Can you please share your experience when BUC helped you
perform better?’

“Did it ever happen when BUC helped you correct or negatively
impacted your decision — can you elaborate on that with an ex-
ample”

“Can you give an example when BUC madethings easier, which
otherwise would require more work”

“Can you give an example when BUC made things difficult or
confusing that otherwise would be easy”

“Canyou elaborate on how you make ajudgment when the BUC
recommendation contradicts your decision?’

“Have you ever changed your decision after looking at the BUC
recommendation? Can you please elaborate?’

N/AP

experience. | sthere anything else you think | should

know?’

3BUC: blood utilization calculator.
ON/A: not applicable.

Data Collection and Analysis

We interviewed 10 clinicians (BUC users) until the data
saturation point was reached [24]. The saturation sampling
method isawell-known methodol ogical principlein qualitative
research. It is used to determine, based on the data that have
been collected and analyzed, whether further data collection is
unnecessary [24]. We decided to stop recruitment after the 10th
interview, aswe attained thematic saturation. Moreover, ahigh
degree of consensus had begun to emerge among the clinicians
who were interviewed, and the information retrieved was
sufficient for satisfying the aims of thisinvestigation. According
to the literature, data saturation can be reached with 9 to 17
interviews [25].

Theinterviews were conducted over aweb-based platform and
were recorded. The audiovisual recordings were then
anonymously transcribed verbatim. Each participant was given
aUS$50 gift card for completing theinterview. Each interview
lasted approximately 20 to 30 minutes. We used an
inductive-deductive thematic analysisto analyze the transcripts

https://humanfactors.jmir.org/2022/4/e38411

[26], which involved applying predetermined themesto the data
(deductive) and consecutively identifying new themes as they
emerged in the data (inductive) [27]. This method included the
interpretation of the text and an analysis of what the text
discussed, specifically identifying work system elements and
cognitive human factors that influenced clinicians' use of the
BUC and clinical decision-making. We also prepared the
COREQ (Consolidated Criteria for Reporting Qualitative
Research) checklist (Multimedia Appendix 1).

Results

Overview of Clinicians Perceptions

A total of 10 clinicians from different clinical departments
participated in this study. All of the participants were frequent
users of the BUC (at least once per week) and had used the
technology for at least 1 year. As shown in Textbox 1, we
identified the following two themes: (1) workload and usability
and (2) clinica decision-making. We discussed each theme
briefly by providing detailed quotations.
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Textbox 1. Clinicians perceptions of the artificial intelligence—based blood utilization calculator (BUC).

Workload and usability
«  Sample quotes reflecting a negative perception

« “I remember thefirst time| saw it, like sort of reading through alot of options, like, which one of these do apply to me so that | can get the
transfusion order to go through, which can take alittle bit of time.”

« “It requires quite a few extra clicks to go through the other indication to get it, to let you give plasma for this indication that is often
recommended by hepatology.”

« “BUC slowed me down whenever | had to figure out how to bypass the BUC system to get the threshold, we knew we needed for that
particular patient.”

« “lthink thereisarisk of getting down in the cognitive fatigue of decision-making and figuring out which box to click.”

«  Sample quotes reflecting a positive perception

o  “Earlier, we used to decide how many units like haphazardly, but with BUC, | like that it does part of my thinking. Well, | would say it's
easier because now | don't have to think asit tells me how many units of blood, | need to give a patient.”

o “Overdl, | likeusing it because it takes alot of the thinking out of it in terms of calculations and stuff. BUC makes it alot easier for every
standard patient care.”

o “lthink it's pretty easy to use. It's straightforward. It just kind of like leads you exactly through the process.”

. “Ifindit relatively easy to work with, and | like it because it’s straightforward. | just choose whatever | want, and it calculates or putsin
the numbers”
o “I think it's user-friendly and easy. | don’t think it adds extra work. I've used it in general surgery trauma, like when you're doing more

complicated, like a resuscitation, like one-to-one to one ratio and, um, | think it was pretty user-friendly for that as well.”

Clinical decision-making
«  Sample quotes reflecting a negative perception
«  “BUC does not improve my decision-making. It's not groundbreaking in any way. It's just more of areminder of what | have already been
taught as ayoung physician.”
«  Sample quotes reflecting a positive perception

o “Overadl, it helpsyou, and | think it helps, you know, determine how much blood a patient need. Kind of making sure we're ordering blood
for the right patient indication, reminding us of appropriate criteria. So, | think overal; | think it's a pretty useful tool that we use”

o “Ithinkit'shelpful becauseit explainslike hemoglobin of several patients. If apatient haslow platelets, you might have ahigher hemoglobin
goal. Um, soit’sniceto have that spelled out for you, so you don't haveto look it up el sewhere and then come back and make the decisions”

o “llike having the guidelines built-in so that you know when you're doing something that is, um, the, that is the guideline or evidence based.
And, you know, when you are deviating from that and therefore hopefully have a good reason for it and are at least cognizant of the fact
that you're deviating.”

. “I remember, yeah, a couple of times where we initially wanted to give like two packets of blood, but then [BUC] recommended only one,
and we kind of went back and we're like, well, | think the tool isright. Like, we only need to give one unit of blood in this case.”

. “If BUCistelling methat I'm ordering too much blood, | go back, thinking, okay, does the patient need this much blood? So, it's more like
I’m ensuring | follow the standard of care, except for those exceptional patient circumstances.”

Clinicians Decision-making and BUC Performance

Clinicians found the BUC to be a helpful technology that often
assisted them in making informed clinical decisions regarding
blood transfusion, but it did not necessarily improve their
decision-making. By providing necessary information regarding
transfusion goals, the BUC helped clinicians make faster
decisions. They acknowledged the benefits of having the BUC,
which enabled them to adhere to the transfusion guidelines. It
encouraged them to think critically about their patientsand BT
practices. Another critical finding was how clinicians made
transfusion decisionswhen their intuition contradicted the BUC.
Clinicians said that they consulted their seniors or followed
their judgments whenever their decisions failed to match the

Workload and Usability

For standard care patients, BUC use often helps to standardize
blood transfusion and minimize cognitive workload. Overall,
cliniciansfound the BUC to be user-friendly and intuitive. They
acknowledged that the BUC has an easy learning curve.
Clinicians attending patients with trauma found the BUC
user-friendly. However, the perceptions of BUC-related
workload were not consistent across all users. According to
some clinicians, the BUC was an add-on to their clinical work;
they found the BUC interface to be complex for new users. A
clinician noted that the interface of the BUC can result in
confusion and incorrect transfusion dosages due to inconsi stent
automation across different blood work processes.
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BUC recommendations. In other words, clinicians typicaly
trusted the BUC when its recommendations matched their
assessments or when apatient had avery standard clinical status,
no health complications, or no notable health history. Clinicians
also acknowledged that they bypassed BUC recommendations
when the recommendations did not match their judgments.
Nevertheless, in a few instances, clinicians considered BUC
recommendations and changed their judgments after revisiting
the patient’s health status. In some other cases, the BUC
encouraged discussion among clinicians and provided them
with an opportunity to adhere to transfusion guidelines.

Discussion

Theimportance of human factorsand Al in health care hasbeen
well established by several studiesand reputed authorities across
all significant health care establishments. Thisisthe first study
to explore clinicians perceptions of an Al-based BUC (ie, an
Al decision support system).

Workload and Usability

Clinicians have limited time in their visits and are often
overloaded with the burden of clinicad documentation.
Integrating user-friendly, Al-based decision support systems
can effectively assist clinicians and reduce their workloads.
Developing auser-friendly and safe technol ogy mandates human
factors consideration. Human factors enable us to understand
the importance of users needs and how they may vary based
on users expertise, their environment, and the sensitivity of
patients. In our study, depending on their clinical expertise and
the patient type, different clinicians perceived the BUC
differently. Somefound the BUC useful, while others perceived
it to be confusing and hard to use, since the technol ogy was not
tailored to their needs.

Certain users were not sure when to use and when not to use
thistechnology and oftentimes used the BUC for situationsthat
were beyond its scope (eg, on pediatric patients or patientswith
sicklecell disease). These users devel oped anegative perception
of the BUC because it was not performing as per their
expectations. The BUC isnot designed for patientswith internal
bleeding or sickle cell disease or for ordering blood for
scheduled surgeries. It was only built to analyze a given blood
value and recommend a transfusion volume to help clinicians
achieve their self-selected target blood level. However, trying
to use the BUC on other patient types or for other purposes, at
times, negatively influenced users perceptions of the
technology. Clinicians often had to figure out a way to bypass
the system and place their blood transfusion order, adding to
their existing workloads and slowing down the transfusion
process. Nevertheless, when the BUC was used on the
appropriate patient population, cliniciansfound it user-friendly
and acknowledged that the technology helped reduce their
cognitive workloads and, overall, assisted them with their BT
tasks and related decision-making.

User-centered design, wherein the user is centrally involved in
all phases of the design process, is essential for Al hedlth care
technologies. However, designing user-friendly technologies
becomes challenging when the user environments and activities
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arevaried (eg, uncrossed transfusion, massive transfusion, etc).
This study shows that usability issues can worsen due to the
heterogeneity of applications, users' needs, and how users use
thetechnology. The unclear design of Al technologies can result
in added workloads; increase the likelihood of patient harm;
and, most importantly, hinder clinicians' intent to use the
technology. Therefore, adequate training and clarification on
the scope, functionality, limitations, and role of a given
technology are important for wider acceptance and use.

According to our findings, one way to improve BUC use and
acceptance is to have a tailored interface design that
automatically detects the treated population based on existing
electronic medical record data, the time when a transfusion
needs to be ordered (eg, immediately), and the purpose of a
transfusion (eg, potential operative need). This approach can
ensure that clinicians are shown commonly used information,
along with options that are relevant to their patients needs at
a given moment. A tailored BUC design would also ensure
selective situation awareness. For example, allowing clinicians
to concentrate on relevant details about their patients may help
them avoid unnecessary working memory use. Additionally,
implementing functions that prevent the BUC from being used
on patients who do not fall within its scope can help minimize
errors and prevent clinicians from developing a negative
perception of the technology. This can be achieved either by
incorporating an alert system within the BUC that would flag
every time a user uses the technology on any patient outside of
the target population or by completely disabling the BUC
whenever an incorrect patient type is detected.

Clinical Decision-making

One of this study's main contributions, aswell asits novelty, is
that it captured the impact of an Al-based decision support
system (ie, the BUC) on clinical decision-making. We did not
notice any negative impact of the BUC on clinica
decision-making. Clinical decision-making isacomplex process
that necessitates a multidisciplinary systemic approach,
encompassing psychology, cognition, and statistics. It is
considered a context-driven, time-dependent, and evolving
process that requires data collection, interpretation, and
evaluation to select the appropriate choice of action [28]. For
example, the choice of how much blood should be transfused
to a specific patient depends on their body weight, medical
status, medical history, rate of blood loss (if any), and treatment
plan, among many other factors. Due to such factors, care
coordination [29] and shared decision-making in clinical
practices are challenging. Our findings indicate the positive
impact of the BUC on clinicians decision-making; the
technology acted as an assistive digital platform, promoting
well-informed BT. Such impacts of Al have been seen in other
fields of medicine[30,31].

In the literature on decision-making, intuitive and analytical
decision-making [32] are the two predominant decision-making
styles. Intuitive decision-making has been portrayed as an
automatic [33] decision process that can be shaped by the work
environment and contextual skills [34,35]. Senior clinicians
have been observed to prefer the intuitive approach [36]. Their
tendency to usetheintuitive approach isdueto their experience
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and ability to make faster and more accurate clinical decisions
[37]. Our study captured the same tendency, as attending
clinicians seldom considered BUC recommendations. Almost
in every situation, when the recommendations generated by the
BUC contradicted senior clinicians judgments, they always
followed their judgments, thereby exhibiting confirmation bias.

Thisstudy haslimitations. It was a single-institution assessment
that was conducted within an academic health care
establishment. Further, the clinicians who participated were a
convenience sample, which introduced self-selection bias.
Additionally, the clinicians, per their clinical speciaties, were
not those who advised or performed blood transfusions the most
often. However, a diverse population of clinicians, in terms of
clinical expertise, was recruited. Future longitudinal research
may help quantify the BUC’'simpact on patient safety.

Conclusion

This study highlights that analytical efficacy alone does not
ensure technology use or acceptance. The overall system's
design, user perception, and users’ knowledge of the technol ogy
are equally important and necessary (limitations, functionality,

Choudhury et al

purpose, and scope). Therefore, the effective integration of
Al-based decision support systems, such asthe BUC, mandates
multidisciplinary engagement, ensuring the adequateinitial and
recurrent training of Al userswhile maintaining high analytical
efficacy and validity. As seen in this study, al clinicians had
different needs that the BUC did not fully address, and the fact
that the system's design was not indicative of its actual purpose
or target patient population confused its users and hindered its
use in the hospital .

Asafinal takeaway, an Al technology such asthe BUC, if not
designed for individual users at the department level, might not
be used as intended. The design of such Al systems that are
madeto perform specific tasks must be self-explanatory, so that
the users can easily understand how and when to use the
technology. Al technologies in health care are only designed
and developed to help clinicians identify patterns they would
typically overlook. Nevertheless, if clinicians only consider Al
recommendations when such recommendations complement
their professional and personal judgmentsor use Al technology
on the wrong population, then the motives for having an Al
technology in the first place would be in vain.
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Abstract

Background: Continuous glucose monitoring (CGM) devices continuously sense and relay glucose concentration data from
the interstitial fluid to a mobile phone or receiver. Older adults benefit from this continuous monitoring of glucose levels. Proper
deployment of the sensing wire is facilitated by a specialized applicator.

Objective: Our aim was to assess a hew seventh-generation (G7) CGM device (Dexcom, Inc) for use by adults 65 years of age

or older and certified diabetes care and education specialists (CDCESs). Ease of use related to intradermal insertion and mobile
app setup will be assessed and compared to the fifth- and sixth-generation systems.

Methods. Formal task analysiswas conducted to enumerate the number and compl exity of tasks associated with CGM deployment.
We recruited 10 older adults with no prior CGM experience and 10 CDCESs to assess ease of use through hands-on insertion
and initiation of a G7 system followed by a survey and, for older adults, a system usability scale survey.

Results: About half as many tasks are needed to deploy G7 compared to G6. Older adults and CDCESs reported overall high

usability of the G7 CGM device. CDCESs noted G7’s easier setup compared to previous generations. The system usability scale
score for the CGM system was 92.8, which reflects excellent usability.

Conclusions: For CDCESs and for older adults using the G7 CGM system, cognitive burden is relatively low and reduced
compared to previous CGM systems. Easing of this burden and simplification of the glucose monitoring aspect of proper diabetes
management will likely contribute to improved outcomes in this population.

(JMIR Hum Factors 2022;9(4):e42057) doi:10.2196/42057

KEYWORDS

medical devices; wearable devices; older adults; task analysis; usability testing; continuous glucose monitoring; glucose monitoring;
glucose levels; diabetes; usability

is a key factor in CGM compliance and favorable clinica
outcomes.

Certified diabetes care and education speciadists (CDCESs) are

Introduction

A substantial proportion of people with diabetes do not reach

the goals of treatment [1], which is due in part to barriers to
effective self-care. Real-time continuous glucose monitoring
(RT-CGM) is recommended for patients with diabetes using
insulin [2], and many studies support the utility of continuous
glucose monitoring (CGM) devices with respect to reducing
HbA1c and improving outcomes|[3,4]. Ease of use (objectively
or subjectively determined) is critically important because this

https://humanfactors.jmir.org/2022/4/e42057

health care professionals with expertise in diabetes prevention,
prediabetes, and diabetes management. They often work as part
of a care team to help those with diabetes understand their
disease and achieve their goals in managing diabetes. A recent
study found that glycemic and metabolic outcomeswere similar
in patientswho received atelehealth-based diabetes consultation
with an endocrinol ogist or adiabetes self-management education
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visit with a CDCES [5]. Because CDCESs train patients who
are new to CGM, their comfort with CGM deviceinsertion and
app setup is also critical to patient training and adoption.

Management of diabetes has evolved dramatically [6], and CGM
use is rapidly proliferating. Still, diabetes self-management
imposes cognitive demands and requires a significant level of
expertise [ 7]. Recent studies demonstrated an improvement in
glycemic outcomes with CGM for patients 65 years or older
[8] that was sustained for an additional 12 months[9]. Although
usage in older adults was very high in these studies (at least
83% of participantswore aRT-CGM device =6 days/week over
the 6-month study period [8]), barriers till exist to broad
population-level use. Wildenbos et al [10] categorized these
barriersasrelated to cognition, motivation, physical ability, and
perception. This can include specific barriers such as memory
decline, arthritis (especially in the hands), impaired vision or
hearing, and perception of the technology as too complex
[10,11]. These barriers can be lowered through enhanced
usability of CGM. RT-CGM hasthe potential to improve quality
of lifein older adults, but adoption barriers must be considered
and addressed [11].

A seventh-generation CGM system (G7; Dexcom, Inc) received
CE mark in March 2022 and provides accurate estimates of
glucose levelsin the interstitial fluid in adults [12] as well as
children and adolescents [13)]. Clinical benefits are anticipated
due to the similarity of accuracy metrics between the fifth-,
sixth-, and seventh-generation systems and an increased feature
set [14].

To maximize usability, G7 was designed using human factors
engineering and usability engineering processes. Human factors
analysis throughout product development has been shown to
enhance usability of CGM sensor applicators[15]. Indesigning
the device, participants representative of the intended user
population were evaluated on their ability to use the CGM
system safely and effectively. This included 3 human factors
expertswho performed multiple heuristic reviews of the device
and 381 participants representative of the intended user
population who participated across 26 usability studies,
evaluating all aspects of the Dexcom G7 system hardware,
software, and labeling. All usability studies were conducted in
accordance with US Food and Drug Administration and
international guidance [16-19].

There is a paucity of CGM usability studies specifically in
special populations such as older adults and diabetes educators.
In this study, we describe atask analysis and ease-of -use study
conducted with a commercially representative G7 system with
10 CDCESsand 10 CGM-naive older adultswith type 2 diabetes
(T2D). Relevant surveys were conducted of each group, and
responses to open-ended discussions were recorded.

Methods

Task Analysis

A task analysis and heuristic evaluation was conducted on the
fifth-, sixth-, and seventh-generation CGM systems. The task
analysis identified the perceptual inputs, cognitive processes,
and actions required for a user to complete the task of sensor

https://humanfactors.jmir.org/2022/4/e42057
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insertion. The heuristic eval uation was based on existing design
principles and compliance with recognized usability guidelines
to uncover potential use errors and end user risks. The number
of tasks required for sensor insertion was enumerated as well
as the potential unrecoverable use errors, which are defined as
incorrect actions committed by the user during the sensor
insertion processthat would result in predepl oyment loss of the
device. Potential errors that would lead to sensor loss include
failing to remove one or both of the adhesive backings from the
applicator prior to deploying the sensor and sensor deployment
before proper placement of the device on the skin.

Usability Study

Although it is anticipated that CGM-naive patients initiating
CGM use would receive one-on-one training, discuss
personal-use CGM, and be directed to additional web-based
training prior to using CGM, this study chose to evaluate a
‘no-training’ scenario for the following 3 reasons. (1) it is
difficult to provide an equivalent level of detail across different
instances of one-on-one training; (2) one-on-one training may
not occur in every real-world instance; and (3) lack of training
represents the most stringent evaluation of safe and effective
usability.

In an in-person, one-on-one setting, 10 CDCESs and 10
CGM-naive older adults with T2D were provided with a G7
system and a mobile phone app. Both groups were tasked with
setting up the mobile app, deploying the sensor on themselves,
and establishing communication between the app and the sensor
without training or instructions beyond what is included in the
G7 box and mobile app. Thisincluded alowing all notifications,
pairing the wearable, reviewing saf ety information, reading the
alert functionality explanation, watching the required videos,
and following sensor insertion instructions. During the study
session, al relevant activities performed by participants,
including successful and unsuccessful task completion, root
causes, and salient participant questions or comments, were
recorded. Their total sensor insertion time was a so recorded.
Following theinitiation of G7, both groups completed a posttest
survey. Responsesto open-ended questionswere also recorded.
The older adult cohort also completed a system usability scale
(SUS) survey [20] to assess their comfort with CGM hardware
and app setup as CGM-naive users. Both surveys (ie, posttest
and SUS) evaluated responses using a 5-point Likert scale
(1=strongly disagree and 5=strongly agree).

Ethical Considerations

The G7 CGM device had CE marking at the time of the study.
This ease-of-use study was not part of an intervention or trial,
and the device was not used to make diagnostic or treatment
decisions. Similar to the submission of human factors reports
to the Food and Drug Administration, which does not require
an ingtitutional review board or independent ethics committee
approval [16], these approvals were not sought for this
ease-of-use study.
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Results

Task Analysis Found Fewer Tasks Required for G7
Insertion

Insertion and initialization of the G7 system was subjected to
atask analysis. The number of user tasks required for sensor
insertion decreased with each subsequent generation (G5: 17
tasks; G6: 13 tasks; and G7: 6 tasks; Figure 1). In addition, the
number of potential unrecoverable use errors also decreased
(G5: 8; G6: 5; and G7: 1; Figure 1). The full task analyses of

Psavko et d

each device are summarized in Tables S1-S3 in Multimedia
Appendix 1.

Two groups were recruited to participate in this study. A total
of 10 CDCESs with an average of 15.7 years of experience
agreed to participate. On average, CDCESstrain 18 patientson
CGM use per month, and amajority of their patients use CGM
(Table 1). The second group consisted of 10 older adults with
T2D. Their average age was 69.7 years, all were CGM-naive,
and all were on amultipledaily injection insulin regimen (Table
1).

Figure 1. Summary of tasks required for each generation (fifth generation: G5; sixth generation: G6; seventh generation: G7) of Dexcom's continuous

glucose monitoring (CGM) devices.

Potential
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Table 1. Demographics of certified diabetes care and education specialists and older adult participants.

Participants Values

Certified diabetes care and education specialists (N=10)
Years of experience, mean (range) 15.7 (5-25)
Patients trained on CGM? per month, mean (range) 18 (5-50)
Patients using CGM (%), mean 58.5

Older adultswith type 2 diabetes (N=10)
Age, mean (range) 69.7 (65-79)
CGM-naive, n (%) 10 (100)
Treatment by multiple daily insulin injections, n (%) 10 (100)

3CGM: continuous glucose monitoring.

CDCESs Usability Ratings

All CDCES participants successfully completed G7 app setup
and sensor insertion. The time on task was recorded from the
start of app onboarding setup through completion of the
onboarding (including sensor insertion). The total setup time
ranged from 6 minutes to 9.2 minutes (average=7.15 minutes).
In the CDCES posttest survey, average ratings were very
favorable, and only one participant provided a rating that was
assessed to be less than neutral (Table 2). In particular, the
statements “ the system was easy to learnto use,” “| believethis
systemiseasy totrain patientsto use,” and “| believethissystem

https://humanfactors.jmir.org/2022/4/e42057

RenderX

iseasy to set up” received mean ratings of 5.0 (“strongly agree”)
out of a possible score of 5.

In the open-ended discussion, CDCESs were asked to discuss
their experience with G7 compared to other CGM devices they
use. The participants expressed that setting up and initiating the
seventh-generation CGM is extremely easy, requires fewer
steps, and feel smuch less confusing compared to other products.
CDCES participants were also asked to discuss their views of
virtual CGM training. These participantsviewed virtual training
of the CGM system as practical and believed it would be very
easy for patients to do the training at home on their own.
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Table2. Posttest survey resultsfrom interviewswith 10 certified diabetes care and education specialists on use of the seventh-generation (G7) continuous

glucose monitoring system.

Statement Mean Range Rating and rationale for ratings lower than neutral

I could effectively complete the tasks that were given 4.9 4-5 N/A

to me.

| felt comfortable using this system. 4.9 45 N/A

The system was easy to learn to use. 5.0 5 N/A

Whenever | made amistake, | could recover easily 4.7 3-5 Rating of 3: participants did not make any mistakes and thus rated

and quickly. this statement as neutral .

The functions | saw worked as | would expect. 4.6 2-5 Rating of 2: participant stated the sound of the sensor insertion deploy-
ment was very loud.

The system showed information clearly and effectively. 4.8 45 N/A

| found this system unnecessarily complex. 1.0 1 N/A

| believe this system iseasy to train patientstouse. 5.0 5 N/A

| believe this system is easy to set up. 5.0 5 N/A

| believe a patient can self-train on this system. 4.8 45 N/A

Itiseasier to train on G7 than G6. 4.9 4-5 N/A

G7 setup requires lesstimeto train or set up than G6. 4.9 45 N/A

8NI/A: not applicable.

Older AdultsWith T2D Usability Ratings

All CGM-naive older adult participants successfully completed
G7 app setup and sensor insertion. The time on task was
recorded from the start of the app setup through onboarding
completion (including sensor insertion), with setup time ranging
from 9 minutes to 18 minutes (average=12.6 minutes). Sensor
insertion time was also recorded, with insertion time ranging
from 58 seconds to 3 minutes (average=1.95 minutes).

A posttest survey and a SUS survey were given to the older
adult participants (Table 3 and Table S4 in Multimedia
Appendix 2). No responses lower than neutral were recorded
in the posttest survey (Table 3). The SUS score for setup and

insertion of the G7 system was 92.8 (Table $4 in Multimedia
Appendix 2). This score reflects an excellent usability rating
[21].

In the open-ended discussion, older adults were also asked to
discuss how comfortable they would be setting up G7 on their
own with no training or assistance. All participants stated they
would fedl “comfortable” or “very comfortable” and specified
that the app setup and insertion instructions were concise and
easy to follow. They stated that the instructions, images, and
in-app videos during setup are helpful. Overall, the G7 system
provides increased usability, when compared to previous
generations, in terms of efficacy, efficiency, ease of user
learning, and user satisfaction.

Table 3. Posttest survey results from interviews with 10 older adults with type 2 diabetes on use of the seventh-generation (G7) continuous glucose

monitoring system.

Statement Mean Range Rating and rationale for ratings lower than neutral
| could effectively complete the tasks that were given to me. 4.9 4-5 N/AR

| felt comfortable using the G7 system. 4.8 4-5 N/A

The G7 system was easy to learn to use. 4.7 4-5 N/A

The functions | saw worked as | would expect. 4.7 35 N/A

The G7 system showed information clearly and effectively. 4.9 4-5 N/A

| believe the G7 system is easy to set up. 4.6 35 N/A

| believe | can set up the G7 system on my own. 4.9 4-5 N/A

| believe | can set up the G7 system in avirtual training. 4.8 4-5 N/A

3N/A: not applicable.

Discussion

The analyses presented in this paper constitute the first ease of
use study of the Dexcom G7 RT-CGM. Previously published

https://humanfactors.jmir.org/2022/4/e42057

RenderX

results of a task analysis [14] and various survey results
presented in this study show that the G7 sensor iseasier to insert
and set up compared to the two previous device generations.
Thereduction in potential unrecoverable use errors also reduces

JMIR Hum Factors 2022 | vol. 9 | iss. 4 | 42057 | p.121
(page number not for citation purposes)


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

JMIR HUMAN FACTORS

the likelihood of wasting a sensor if a mistake is made during
the setup or insertion process. Simpler sensor insertion and app
setup processes alow the seventh-generation CGM system to
be even easier for older adults to learn and use, which may aid
intheir motivation to try anew technology [11]. RT-CGM with
its aerts and alarms has been shown to contribute to better
glycemic outcomes in older adults, including severe
hypoglycemia (SH), which is particularly dangerous in this
population [8,9]. In a study by the Wireless Innovation for
Seniors With Diabetes Mellitus study group [8], CGM users
achieved an adjusted difference of —1.9 percentage points in
time below 70mg/dL compared to the standard blood glucose
monitoring group. This benefit was sustained after 12 months
of CGM use[9].

Extensive design work and human factors analyses contributed
to the design of the seventh-generation system, and a
multifaceted ease-of -use study was described in this paper. This
study included an objective task analysis and surveys of
CDCESs and older adults with diabetes, which demonstrated
robust improvementsin the ease of use and overall comfort with
the device. A similar study assessed the ease-of -use ratings of
the Dexcom G6's automatic sensor applicator versus the
Dexcom G5's manual sensor applicator [15]. In our study, we
interviewed both older adults with T2D and CDCESs because
although people with diabetes are the end users of the device,
CDCESs are the primary individuals who would train and
educate older adults, and therefore, their comfort with device
operation is critical.

CDCESs work on a diabetes care team to develop strategies
with patients for successful diabetes management. They play a
unique role in helping patients understand their diabetes and
learn new technologies[22,23]. Highly CGM-literate CDCESs
could aid in CGM adoption by older adults. A recent study of
patients with type 1 diabetes covered by Medicare found that
CGM adoption remains low, and disparities persist between
racial groups [24]. Improved patient education and exposure
could reduce these disparities. In arecent study of 171 users of
a blood glucose monitoring device with T2D, 29/171 (21%)
expressed alack of interest in CGM adoption [25]; 4/29 (14%)
respondents cited alack of familiarity with CGM asthe reason
for their disinterest [25]. Recently, more patients gained access
to CGM when the Centersfor Medicare and Medicaid Services

Psavko et d

expanded coverage to any CGM that connects to an insulin
pump or a standalone receiver and eliminated the requirement
for 4 finger sticks per day [26,27]. A proposed local coverage
determination from Centersfor Medicare and Medicaid Services
also would expand CGM coverage to those with a history of
problematic hypoglycemia, regardless of insulin use [28]. This
is encouraging because the association between CGM use and
improved outcomes in people with T2D is strong and growing
[3,29,30].

Adoption of CGM in older adultsis particularly important for
several reasons. The most important aspect of glucose
management in older adults is the avoidance of SH. Older
patients are more likely to have hypoglycemia unawareness, a
reduced ability to produce counterregulatory hormones, and an
altered metabolism that increases the risk of SH due to
polypharmacy [11]. The risks associated with SH include falls
leading to fractures or other injuries, cardiovascular
complications, and temporary or permanent cognitive
impairment [11,31,32]. Because of the high risk associated with
SH in older adults, an International Consensuson Timein Range
recommended a more relaxed set of CGM-based targets with
thegoal of avoiding hypoglycemia[33]. If needed, coordination
with a CDCES or other health care providers to adjust aert
thresholds and settings could improve user experience.

This study contained some limitations. The small sample size,
inclusion of only US participants, and inclusion of only CDCESs
(ie, a highly skilled but small group of health care providers)
limit the generalizability of the results. This study also did not
assess long-term use of the G7 and, because no data were
generated, usability of the app interface was not tested.

Ease of use is a critically important element in al diabetes
technology, including CGMs. This seventh-generation device
was designed using human factors engineering and usability
engineering processes, and iterations were performed after
reviews from hundreds of potential users. Increased adoption
of these technologies relies on appropriate usability, safety,
effectiveness, and robust design [34,35]. Older adults report
excellent G7 usability and CDCESsreport that the G7 issimpler
and easier to use compared to the two previous generations of
the system. Data presented in this study should inform
prescribing and treatment decisions in this vulnerable
popul ation.
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Full task analyses of the fifth-, sixth-, and seventh-generation real-time continuous glucose monitoring devices.
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Multimedia Appendix 2
Posttest system usability scale (SUS) results from interviews with 10 older adult participants.
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Abstract

Background: Ultrasound for gestational age (GA) assessment is not routinely available in resource-constrained settings,
particularly in rural and remote locations. The TraCer device combines a handheld wireless ultrasound probe and a tablet with
artificial intelligence (Al)-enabled software that obtains GA from videos of the fetal head by automated measurements of the
fetal transcerebellar diameter and head circumference.

Objective: The aim of this study was to assess the perceptions of pregnant women, their families, and health care workers
regarding the feasibility and acceptability of the TraCer device in an appropriate setting.

Methods: A descriptive study using qualitative methods was conducted in two public health facilitiesin Kilifi county in coastal
Kenya prior to introduction of the new technology. Study participants were shown a video role-play of the use of TraCer at a
typical antenatal clinic visit. Data were collected through 6 focus group discussions (N=52) and 18 in-depth interviews.

Results: Overall, TraCer was found to be highly acceptable to women, their families, and health care workers, and its
implementation at health care facilities was considered to be feasible. Itsintroduction was predicted to reduce anxiety regarding
fetal well-being, increase antenatal care attendance, increase confidence by women in their care providers, as well as save time
and cost by reducing unnecessary referrals. TraCer was felt to increase the self-image of health care workers and reduce time
spent providing antenatal care. Some participants expressed hesitancy toward the new technology, indicating the need to test its
performance over time before full acceptance by some users. The preferred cadre of health care professionals to use the device
were antenatal clinic nurses. Important implementation considerations included adequate staff training and the need to ensure
sustainability and consistency of the service. Misconceptions were common, with a tendency to overestimate the diagnostic
capability, and expectations that it would provide complete reassurance of fetal and materna well-being and not primarily the
GA.
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Conclusions: This study shows a positive attitude toward TraCer and highlights the potential role of thisinnovation that uses
Al-enabled automation to assess GA. Clarity of messaging about the tool and its role in pregnancy is essential to address
misconceptions and prevent misuse. Further research on clinical validation and related usability and safety evaluations are
recommended.

(JMIR Hum Factors 2022;9(4):e34823) doi:10.2196/34823

KEYWORDS

gestational age; gestation; gynecology; gynecologist; prenatal; antenatal; maternal; fetus; fetal; ultrasound; imaging; pregnancy
dating; handheld; portable; trust; artificial intelligence; sub-Saharan Africa; Africa; low cost; LMIC; low income; feasibility;
acceptability; Al; pregnancy; pregnant; maternity; women's health; obstetrics, obstetrician; rural; remote; remote location;

misconception; eHealth; digital health

Introduction

Knowledge of gestational age (GA) informs decisions in
maternal and neonatal care[1], such asthe use of corticosteroids
in suspected preterm labor [2] and timing of delivery in postterm
pregnancy and other pregnancy complications [3]. Reliable
estimation of GA improves care by guiding these decisionsand
reducing unnecessary interventions. It also enables more
accurate categorization of low-birth-weight babiesinto preterm
or small for gestational age [4], impacting care for these babies
[5,6] and improving reporting of perinatal outcomes[1,7,8].

In most high-income country settings, accurate pregnancy dating
is provided routinely through early pregnancy ultrasound [9].
However, routine pregnancy ultrasound is rarely available in
low- and middle-income country (LMIC) settings. In addition,
other methods of GA assessment are likely to be less reliable:
recall of last menstrual period (LMP) is generally poor [10],
there is frequent late initiation of antenatal care (ANC) [7,11],
and thereisahigher prevalence of fetal growth restriction [12].

Setting up sustainable routine pregnancy ultrasound servicesin
resource-constrained LMIC settings is often difficult,
particularly in rural and remote locations [13]. ANC islargely
provided by nurses and nurse-midwives and understaffing is
frequent [14]. Radiol ogists, sonographers, and obstetriciansare
limited, located primarily in urban areas, and burdened with
managing pregnancy complications and clinical emergencies
[13]. Skills for GA assessment by ultrasound often require
lengthy training programs, regular quality control, and close
supervision, all of which are difficult to achieve and sustain
[15]. In addition, conventional ultrasound equipment is

Figure 1. TraCer Device: the wireless handheld probe and TraCer software on the tablet.

https://humanfactors.jmir.org/2022/4/e34823

RenderX

expensive and requires regular maintenance and appropriate
infrastructure such as a reliable continuous power supply.

The TraCer GA assessment device automates the measurement
of the fetal transcerebellar diameter (TCD) and head
circumference (HC). TraCer uses a low-cost, commercialy
available handheld battery-powered wirel ess ultrasound probe,
which is linked, via Wi-Fi, to software running on a
consumer-grade Android tablet (Figure 1). The device guides
and assists health care workers (HCWs) to obtain ultrasound
videos of the fetal head. GA is then estimated from the TCD
and HC using semiautomated (and, in the future, automated)
image recognition and analysis. The TCD estimates cerebellar
size, which is considered a good measure for GA, as it is
predictable throughout pregnancy and is not heavily impacted
by the existence of fetal growth restriction [16,17]. The method
also usesthe fetal HC, because cerebellar imaging at advanced
gestation stages may not always be possible using a low-cost
device.

TraCer has been designed to specifically address challengesin
resource-limited LMIC settings. However, this does not
guarantee that it would be implementable or that communities
and health care providerswould find it acceptable[18]. A review
of innovative approaches for improving materna and newborn
health found that gaps in understanding feasibility,
appropriateness, and acceptability of implementation can
compromise their capability for effective scale-up [19].
Therefore, it is recommended that new tools and innovations
be evaluated not only for their technical and clinical
performance, but also for acceptability and appropriateness,
usability, and the feasibility of implementation within the
intended settings [19].
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Toward this end, in this study, we assessed the perceptions of
pregnant women, their family members, HCWSs, and managers
regarding the acceptability and feasibility of the TraCer device
in health facilities. This will guide further device development
and inform plans for clinical implementation.

Methods

Study Design and Setting

A cross-sectional, descriptive, qualitative study was conducted
in two public health facilitiesin Kilifi county in coastal Kenya.
The two health facilities are the rural Rabai Health Centre
(primary care facility) and the larger, urban Mariakani
Sub-county Hospital (secondary care facility). Both facilities
would later participate in the PRECISE (Pregnancy Care
Integrating Trandational Science, Everywhere) pregnancy
cohort study [20]. At the time of data collection, enrollment to
the PRECI SE cohort had not yet started.

ANC, routine delivery care, and emergency care for pregnancy
complicationsare provided primarily by nurses/nurse-midwives
with support by clinica officers (nonphysician clinicians) at
both facilities. At Mariakani Hospital, doctors and an
obstetrician/gynecol ogist provide specialist servicesfor high-risk
pregnancies. Ultrasound services are not available routinely,
but can be undertaken at Mariakani Hospital (and other private
facilities) upon referral for pregnancy complications or
uncertainties regarding GA.

Study Participants and Sampling Methods

We sought to enroll two main groups of participants: (1) HCWs
directly involved in the provision of services for pregnant
women, as well as managers and health administrators; and (2)
community members, represented by pregnant women
participating in ANC and their family members (partners, as
well as the pregnant woman's parents and parents-in-law).

HCWs were purposely sampled to cover providers at the ANC
clinic, maternity, outpatient, and radiology (including
ultrasound) departments. Health administrators were also
purposely sampled to ensureinclusion of facility and subcounty
managers overseeing reproductive health services. Pregnant
women were approached by research assistants when they
presented for routine ANC, and participating women could
invite their partners or parents.

Data Collection

Data were collected between March and May 2019 by two
Kenyan researchers. a socia scientist (PMM) and a maternal
health researcher and obstetrician (AK), who were assisted by
two trained local research assistants who took notes during the
sessions. Researchers were familiar with the local setting and
the Kenyan health care system, and were fluent in both English
and Swahili. The research assistants were aso fluent in
Mijikenda. None of the data collectors were involved in the
participants’ clinical care; however, some HCWs had previous
interactions with the two researchers as part of PRECI SE study
preparations.

In-depth interviews (IDls) with HCWs and focus group
discussions (FGDs) with pregnant women and their families
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were conducted in person in private areas of the health facility,
away from the clinical areas. We developed a semistructured
interview guide, which was piloted on two HCWs at Rabai
Health Centre and revised prior to the subsequent interviews.
Thetopic guide began with simple assessment of prior exposure
to computers, smartphones, and obstetric ultrasound, followed
by a discussion on existing methods of assessing GA and the
potential value to pregnant women and HCWs.

The study was started before clinical implementation of TraCer.
A video demonstrating its use during routine ANC was shown
to participants. The 5-minute video, recorded at one of the
facilities in Swahili, showed a nurse using TraCer with a
pregnant woman who was unsure of her LMP. In the video, the
nurse shows the mother the image of the fetal heartbeat and the
head of the baby on the tablet screen, reports the GA, and then
gives adate for the next clinic visit.

Participants were encouraged to voice their thoughts and ask
any questions during and immediately after watching the video.
Participants were asked what they liked or disliked about TraCer
as seen in the video, whether TraCer could be introduced to
their health facility, how confident they would beinitsfindings,
any outcomes (positive or negative) they expected with its
introduction, thetype of provider they thought could use TraCer,
and whether they would recommend it to other pregnant women
and health facilities.

IDIs were conducted in the participants language of choice.
HCWs preferred English, whereas pregnant women and their
families preferred Swahili. All sessions were audio-recorded
with permission and field notes were taken during each session.
After each IDI and FGD, the research team debriefed to update
field notes, discussed revisions and additional probes to the
topic guide, and assessed data saturation.

Data Analysis

All recordings were transcribed verbatim in the language of the
interview and translated to English (where applicable) by
research assistants. A sample of transcripts was compared with
therecordingsto ensure accuracy. NVivo 12 (QSR Internationa,
Melbourne, Australia) was used to manage the transcripts, and
to facilitate coding and collaborative data analysis. The data
analysisteam comprised three Kenyan researchers familiar with
thestudy siteand local languages (AK, PMM, GMM), including
two who had participated in the data collection (AK, PMM)
and two experienced Canadian socia scientists (MWK, MV).
The data analysis team first familiarized themselves with the
transcripts. Employing a directed content analysis approach
[21], the coding framework was developed deductively from
the research question based on pre-existing definitions of
acceptability and feasibility [22] that were modified to fit our
study. Acceptability was assessed according to the perceptions
of the appropriateness of TraCer to participant needs,
preferences, and sociocultural norms, along with factors that
would influence willingness to use the device. Feasibility was
assessed according to perceptions on whether TraCer could be
implemented in the study health facilities and factors required
for its successful implementation.
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Major themes and subthemes were explored related to
acceptability and feasibility. The coding framework (see
Multimedia A ppendix 1) wastested on threetranscriptsto refine
and ensure agreement between coders. Transcripts were then
divided between coders for analysis. Emergent common and
divergent patterns of responses between participants were
explored through discussion within the team. Factors that were
considered included differencesin the site characteristics (urban
vs rural, level of facility, access to ultrasound), HCW
characteristics (skill level/cadre and prior experience of
ultrasound), and community member characteristics (age,
gender).

Ethical Consider ations

The study obtained ethical approval from AgaKhan University
Ingtitutional Ethical Research Committee (2018 REC 47),
King's College London (Ref HR-17/18-7855), and University
of British Columbia (H18-02828). All participants provided
individual written informed consent prior to research activities.
Confidentiality and safe storage of the datawere ensured through
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deidentification of transcripts and electronic storage in
password-protected devices accessible only to members of the
research team.

Results

Characteristics of the Study Sample

In total, we conducted 18 IDIs and 6 FGDs involving 52
community members; the IDIs lasted 27-64 minutes and the
FGDslasted 34-77 minutes. Inthe IDIs, nurses represented the
largest group interviewed, and other cadres were clinica
officers, doctors, sonographers, and public health officid s (Table
1). Seven of these HCWs dso had administrative
responsibilities. The 52 members engaged in the FGDsincluded
31linthree FGDs at Rabai Health Centre and 21 in three FGDs
at Mariakani Hospital. Overall, FGDs engaged 19 pregnant
women, 15 partners (all male), and 18 parents (all mothers or
mothers-in-law). Fewer than 20% (9/52) of pregnant women or
their families had prior experience of ultrasound (Table 2).

Table 1. Characteristics of health care workers participating in interviews (N=18).

Characteristics

Health care workers, n

Site
Rabai (rural)
Mariakani (urban)
Gender
Male
Female
Profession
Nurses
Clinical officers
Doctors
Others
Administrative responsibilities
Yes
No
Agegroup (years)
<35
35-44
45+
Prior exposureto ultrasound (observing)
Yes
No
Prior exposureto ultrasound (performing)
Yes

No

10

11

w w »~ ©

11

15
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Table 2. Characteristics of pregnant women and their families participating in focus group discussions (N=52).

Characteristics

Pregnant women and their families, n

Site
Rabai (rural)
Mariakani (urban)
Gender
Men
Women
Category
Pregnant women
Partners
Parents and parents-in-law
Age group (years)
<35
35-44
45+
Prior exposureto ultrasound?®
Yes

No

31
21

15
37

19

15

18

30

14

9
43

3Refers to any exposure to ultrasound, including observing a procedure or having the procedure performed on them.

Acceptability

Acceptance

Participants’ initial reactions were overwhelmingly positive.
HCWs, pregnant women, and their family members stated that
introduction of the tool to health facilities should be done as
soon as possible, that they would recommend it to others, and
that the introduction would encourage more women to come to
the clinic earlier in their pregnancies. The expected high
acceptance of TraCer in the community was predicted to result
inincreased ANC uptake and attendance throughout pregnancy.

| think it's good if you introduce it. It will help usto
get the exact dates. Especially the mothers we are
dealing with in the community, some of themwill tell
you that... “ | can't tell when my last periods were. |
just realized that am pregnant” [ANC clinic nurse
IDI, Mariakani]

Firgt, if the tool is brought, it will give the women
motivation to cometo theclinic. They will bedesiring
to cometo theclinic...

They will feel happy...becausethat tool isthere. “ You
mean if | go to the clinic, | can see how my baby is
doing?”
It [ TraCer] will make you come. You won't be saying
let me wait for 2 months...
You will come early [Discussion in the pregnant
women FGD, Rabai]
Pregnant women felt that seeing the baby would give them an
indication of the baby’s well-being and reduce their anxiety.

https://humanfactors.jmir.org/2022/4/e34823

The value of obtaining the GA would help them know the
estimated date of delivery with more certainty. Other favorable
features were the device's safety to both mother and baby, and
the short duration of the assessment. In particular, participants
from rural areas suggested that TraCer would reduce the need
to travel to the urban referral site to access ultrasound services,
resulting in savings in both time and money.

Pregnant women and their families expressed that they would
trust the results provided by TraCer. The ability for one to see
the image “for themselves’ during use of TraCer was
emphasized asamajor contributor to trust. Thiswas contrasted
to other clinical procedures such as listening to the fetal
heartbeat using afetoscope, which isassessed only by the health
provider. A printout of the image after the procedure was
suggested. Trust in the findings of TraCer aso reflected
pre-existing trustin HCWsin general. Participants assumed the
device would already have been tested prior to introduction to
ensure its efficacy and safety.

...Detecting the baby’s heartbeat...It means that the
baby is alive...It means that he is doing well. So...it
bringsthat confidence to the mother. [Clinical Officer
IDI, Rabai]

In my view, it will have reduced costs. Instead of
traveling from here to Mariakani to queue there for
a scan, and maybe | don’'t have the ability to go there
because of my pocket [ability to pay]. [Male partners
FGD, Rabai]

Because | will be watching from the tablet when am
being examined.. .because you are seeing, definitely
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you will trust the results.
Mothers-in-law FGD, Mariakani]

HCWsliked that TraCer would makeit easier to obtain the GA,
particularly for women with uncertain or unknown LMP. The
ability to use new technology and give accurate GA estimation
would boost their professional self-image and confidence in
their services. The automated estimation of GA was viewed
favorably, as it was perceived to be less susceptible to human
error or interference by users. By providing simple GA
assessment for all mothersin ANC clinics, TraCer would reduce
workload at the few ultrasound facilities available because
women requiring GA assessment only would not need areferral.

[Mothers and

Overdl, HCWs were optimistic that TraCer would find
acceptance among pregnant women and community members.
It would increase patient confidence in health providers and in
their services, and would save them time and money spent
traveling to referral facilities for ultrasound, ultimately leading
to better retention of patients and continuity of care. HCWs
expressed that many patients preferred health facilities that used
advanced technologies, equating this to quality care.

...when we just want know the gestation age and fetal
vitalsit becomes more convenient than the ultrasound.
[Doctor IDI, Mariakani]

Most people like to work in a place where you feel
good. You feel good working because there are
machines, there are less challenges. ...At least when
handling a machine, like for mewho I’ ve not used an
ultrasound... Aaah, | feel motivated. | feel I've
arrived... [Clinical Officer IDI, Rabai]

...we only have one ultrasound machine and only that
one covering thewhol e hospital. Mater nity cases, the
wards, emergency department, outpatient clinics...and
all patients to line up. And we only have only one
sonographer doing all that. So it's kind of
overwhelming to the sonographer when you line up
maternity patients only to know the gestational age.
[Other HCW IDI, Mariakani]

Hesitancy and Refusal

Although perceptions of TraCer were largely positive, some
participants expressed preconditions that would need to be met
before acceptance. The most frequent was the need to test the
device's accuracy, often through comparison with other GA
assessment methods. Among HCWSs, this meant a comparison
with formal ultrasound, while community members suggested
comparing the estimated date of delivery obtained from TraCer
with the actual delivery date. Concerns about the performance
and accuracy of TraCer were raised more often by urban than
rural participants. Among HCWSs, these concerns were more
common among the higher skilled providers (ie, doctors and
sonographers). HCWs al so expressed that the procedure would
haveto be brief to avoid delays, which would result in rejection
of itsuse.

Despite the general perception that health technology was
viewed favorably, some participants felt such a new innovation
would not easily be trusted, and that observing how TraCer
performs over time before fully trusting results was necessary.
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Others suggested that fear and uncertainty regarding safety for
the fetus could result in opting against use. Consequently, it
was suggested that a principle of informed choice be practiced
to ensure pregnant women were able to choose whether or not
to be examined using the device.

Cause it's something new, yeah. You can't trust
something new without actually trying it out. You
have to put it to the test. [Doctor DI, Mariakani]

I'll take the gestation age using the ultrasound
machine then we just compare. We will compare.
Because for now | just don't know how accurate it
[TraCer] is. [Other HCW IDI, Mariakani]

...l will compare because, you know, the TraCer
machine you have said it measures the Cerebellum.
... And in our case, in the ultrasound we don't use

that. ...I have never used it. ... | don't know how
accurate it is. But, maybe with time. [Other HCW
IDI, Mariakani]

You know, we Kenyans, when something new is
introduced, we wait till the product has worked for a
while. That's when we start appreciating it [Mae
partners FGD, Rabai]

Feasibility
Proposed Approach to Clinical | mplementation

HCWs, pregnant women, and their families described ANC
clinicsastheideal location for clinical implementation, asitis
the typical first point of contact with most pregnant women at
the health facility. This would also contribute to consolidation
of services for pregnant women at a single location, reducing
movement of pregnant mothers within the facility and saving
time. Some suggested that TraCer be placed permanently at the
ANC clinic to ensure it is aways avail able to the women.

Participants unanimously agreed that TraCer should be provided
by the ANC nurse as the nurse is already the main provider of
ANC and isbelieved to have the relevant background knowledge
of reproductive anatomy. In addition, some doctors and clinical
officersfelt that they too should be familiar with the tool since
they also assessed pregnant women with complications in
outpatient and maternity units.

..whenitisintroduced, it hasto be based at the ANC
[antenatal care clinic] because all our new mothers
coming for antenatal, that isthefirst place they come.
[Other HCW IDI, Mariakani]

| think all people who will be interacting with the
pregnant mothers should bein position to use the tool
effectively ‘cause we interact with the pregnant
mothers at different levels and | think when we are
ableto attend to them, any place, anytime, that would
be better off than just to be basing it at the maternal
child health care clinic only. [Clinical Officer IDI,
Mariakani]
The need for training was emphasized by both community
members and HCWSs. All HCWs, regardless of prior training
or education, felt confident that they would be ableto use TraCer
after appropriate training. There were contrasting views on the
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nature and intensity of the training needed. Most HCWs felt
that because they had basic knowledge of anatomy and
physiology, on-job training of a short duration focusing on how
to use and how to interpret the results would suffice. However,
two doctors suggested that moreintensive training was necessary
to address potentia difficulties in locating the baby’s head in
unusua fetal positions or in cases of multiple pregnancy. An
additional recommendation wasthat other HCWs at thefacility
should be informed about the tool and its purpose to allow
accurate communication to patients and community members.

...thenursealready [ has] detailed [ knowledge of the]
anatomy of the woman’s abdomen and also when it
comes to the uterus. So | think with that background
information they have in their profession practice, |
think it won't be too difficult for it to require a very
intensive training... [Other HCW DI, Rabai]

Concerns Regarding | mplementation

Sustainable and consistent implementation were considered to
beimportant by HCWs. HCWSsraised concerns about areliable
supply of consumables needed and equipment maintenance.
The device's hardware was often viewed favorably as
“portable” “cordless” “lightweight,” and “easy to carry
around,” in contrast to conventional ultrasound machines.
However, some HCWs highlighted the risks of theft or
misplacing the device because of its small size and portahility.
If TraCer became unavailable when mothers came to expect it,
they would be less inclined to return to the clinic. To achieve
service consistency, there would need to be adequate staffing
and clear policies and guidelines for its use.

Then those supplies, who is maintaining those
supplies?... whoisgoing to sustain? So who continues
to supply this?... [Maternity nurse IDI, Mariakani]

...thefacility that isusing the device, can they be able
to maintain the device? In case of any
breakdown...and are we going to have some trained
personnel service the device in case it becomes
faulty?..that's what | was referring to as
sustainability. [ANC clinic nurse IDI, Rabai]

Misconceptions about TraCer were prevalent, especially among
pregnant women and their families, but were also mentioned in
8 out of 18 interviews with HCWs. Many cited expectations of
the device that were beyond its scope: the most frequent was
that TraCer would provide detailed information about the
well-being of the fetus and the mother. Other misconceptions
included that the device would reveal fetal sex, confirm
paternity, predict the exact date of delivery, that it could be used
in the management of complications during labor and delivery,
or that it could replace aformal obstetric ultrasound.

With that device, if a woman is pregnant, you will
know everything that is happening insider her womb.
[Male partners FGD, Mariakani]

But with thisone, | think there will be no need for the
ultrasound because everything we'll see it at the
antenatal clinic. [ANC clinic nurse IDI, Rabai]
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Some participants understood the role of TraCer as primarily
to provide GA estimation but expressed their desirefor the tool
to give more information.

...itwill be good also if moreresearch is done so that
we know the state of the mother and the baby, how
old her pregnancy is and how to take care of herself
so that she has a safe delivery. This tool also to be
guiding this mother on how to take care of herself it
will be much better. It will be good. [Male partners
FGD, Mariakani]

Discussion

Summary of Findings

In this study, we assessed a low-cost, portable, and artificial
intelligence (Al)-enabled ultrasound device in two Kenyan
settings. Overall, the device concept was found to be highly
acceptable to women, their families, and HCWs, and
implementation at health care facilities was felt to be feasible.
The introduction of the device was predicted to contribute to
reduced anxiety around the stage of pregnancy and fetal
well-being, increase ANC clinic attendance, increase confidence
by women in HCWSs, and potential time- and cost-savings. It
was aso predicted to boost HCWS' professional self-image.
The preferred users of TraCer were ANC nurses. There was a
clear message that effective implementation requires adequate
consideration on training, sustainability, and consistency of
service. In addition, addressing potential misconceptions is a
clear outcome of this work.

Various features of TraCer contributed to its acceptance. In
particular, the value of seeing an image of the baby and the
ability to see fetal heart activity were appreciated and strongly
linked to trust of the device's findings/results. The added value
of “seeing” has been highlighted in other studies [23]. Device
features such as the small size, portability, and absence of
connecting cords were cited as strengths.

Previous studies conducted in sub-Saharan Africa highlight the
positive attitude toward new technological innovationsin health
[24-26]. Despitelittle previous experience, HCWSs showed high
levels of acceptance toward new technologies owing to
expectations that new tools would be easy to use, make work
easier, and take less time [25,26]. This is also true for studies
evaluating ultrasound devices [23,27,28]. Our study is unique
inthat it assessed atool using Al to automate analysis, and that
the tool is intended for a narrow use-case of GA assessment.
Despite these features, the positive attitude toward the tool and
thewillingnessto have it introduced was shared. The use of the
specific device was viewed favorably and equated with quality,
with HCWSs expressing eagerness to learn its use. In our study,
HCWs expressed confidence in automation and felt that the
results would be more reliable due to reduction of human error
and absence of interference from providers. Thisisan important
finding relevant to future technologies incorporating Al in
medical devicesin these settings.

Some hesitancy, due to novelty, was also expressed, indicating
the need for robust testing of performance and the effect of
implementation over time. This is an important finding for
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implementation, demonstrating that immediate acceptance of
new tools upon introduction cannot be expected. It islikely that
the experience during early phases of implementation may
influence eventual acceptability of novel tools.

There is increasing use of low-cost portable ultrasound in
low-resource settings [29]; however, the majority of studies
have been conducted in large tertiary hospitals with only afew
conducted in rural facilities. Our study demonstrated higher
acceptance of TraCer in the rural site. It is possible that thisis
dueto the lack of any ultrasound servicein that setting (Rabai)
and the challenges associated with referral to the urban site.
This unequal distribution of ultrasound servicesis common in
sub-Saharan Africa[13], and sitesfor future implementation of
TraCer and similar technologies should be carefully selected
with thisin mind. In contrast, the higher hesitancy in the urban
site (Mariakani) could be a reflection of the higher existing
technical skills and better understanding of potential pitfalls.
Thus, HCWswith higher skill levels and prior experience with
pregnancy ultrasound had more questions regarding accuracy
and recommended more intensive training. They should
therefore be provided with robust technical information and
given ample time for training and testing.

This study suggeststhat implementation of TraCer in this setting
will be feasible, but several potentia barriers to effective
implementation should be considered. Previous studies have
demonstrated the feasibility of the use of small portable
(compact) ultrasound devices, particularly for obstetric
applications [30]. Similar to other studies [15], HCWSs
highlighted the need for equipment maintenance to ensure
sustainability and consistency of the service. Service
interruptions may be disappointing to staff and pregnant women
and may affect their attitudes toward the tool [25].

HCWs were confident that they would be able to perform the
procedure if given adequate training, but their views on the
desired nature and duration of the training were varied. Other
studies have evaluated combinations of didactics courses,
hands-on instruction, supervised scanning, and lectures[31,32].
The duration of training for obstetric point-of-care studies in
onereview [31] ranged from 3 daysto 3 months. Findings from
our study are not sufficient to inform the design of a training
package for TraCer, which will be evaluated during
implementation. Addition of a training module on basic
troubleshooting and repair of the device may be beneficial.

Like in other settings, misconceptions around the use of the
technological innovations was common [28], with frequent
reports of overestimation of its diagnostic potential [28,33]. It
is possible that part of the positive attitudes toward TraCer
reported in this study may have been influenced by these
misconceptions and overestimation of the tool’s scope and
function. Providing false reassurance of fetal and materna
well-being could contribute to delaysin care-seeking for women,
or may lead to blamein case of an adverse pregnancy outcome.
Utmost care should be exercised to avoid HCWs becoming less
thorough during clinical assessments or changing referral
thresholdsfor further care due to such false reassurance of fetal
well-being [27,33]. Thus, the role and scope of TraCer should
be emphasized for both pregnant women and HCWSs. Referral
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pathwaysfor formal ultrasound assessment should remain open
and indications for this made clear.

Nevertheless, the presence of a visible fetal heart beat is an
important measure of fetal well-being. HCWs perceived that
using TraCer would make assessment of the fetal heartbeat
faster and easier to operate than a Pinard fetoscope or Doppler
fetal monitor. We suggest that messaging around fetal status
should acknowledge the confirmation that the baby is alive at
the time of the examination, but clarify that this does not give
reassurance of well-being.

Proposed Structure of Implementation of TraCer

In view of the above findings, we propose that afully validated
and Al-driven TraCer device be used by nurses at the ANC
clinic for assessment of al pregnant women. In this setting,
TraCer would assess fetal viability and provide an accurate
estimate of GA. Where there are indications for full obstetric
ultrasound or other concernsfor fetal well-being, women should
be referred and encouraged to proceed for formal ultrasound
assessment in line with current practice. With this approach,
more women would have an accurate GA to inform subsegquent
decision-making and scheduling of effective ANC. Automated
GA assessment using TraCer could reduce referrals for GA
assessment only, giving higher-skilled ultrasound providers
more time to focus on women needing specialist assessments.
Such an approach has been suggested by other studies
[13,34,35].

Strengths and Limitations

Our study has a number of strengths. Datawere collected from
various participant groups and eval uated in the setting intended
for use (ie, low-resource settings in LMICs). To increase the
generalizability of findings, datawere obtained from two health
care facilities with differences in location (periurban vs rural),
level (primary vs secondary), and availability of ultrasound
services. The research team comprised skilled qualitative
researchers and experts in maternal health and pregnancy
ultrasound. The data collection and analysis team included
researchers familiar with the local language and context.

The use of video role-play has been successful in eliciting rich
data on acceptability and feasibility of the tool prior to clinical
implementation. Thisapproach has allowed an early evaluation,
ensuring that the initial views of users are incorporated into
further tool development and planning for actua clinical
implementation. The study has aso helped to understand
baseline user expectations that can be used to measure clinical
implementation indicators.

Although useful, video role-play also has limitations, asit may
create an inaccurate perception of proposed clinical
implementation. In this case, study participants felt that use of
the device took very little time, an impression that could be
created by an edited video. To overcomethispotential limitation,
further assessments during active clinical implementation of
the tool are important.

Some of the research team had had interactions with study
participants (HCWSs) prior to data collection as part of
preparations for alarger research study. Thisisimportant asit
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could have introduced some social desirahility bias, with these
responders expressing a more favorable view toward TraCer.

Koech et al

Further device developments should ensure that the tool is
simple and easy to use, and that results are obtained within a

This was mitigated by selecting the interviewer who had had
the least prior interaction with the participant.

short time frame. Prior to clinical implementation, robust
accuracy data must be provided and measures should be taken
to ensure sustainability and consistency of the service. Clarity
of messaging about thetool and itsrolein pregnancy isessential
to prevent misconceptions and misuse. Our study points to
further assessments required during the subsequent phases of
clinical implementation, feasibility, acceptability, and device
usability, aswell as clinical validity and safety of the tool.

Conclusion

We have shown that there is potential to implement Al-enabled
ultrasound innovations in low-income settings, including a
device that offers only a selected fetal assessment (in this case,
GA). Itishighly likely that the TraCer tool can beimplemented
in this and similar settings, and that users will find it valuable.
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Abstract

Background: Extended foster care programs help prepare transitional-aged youth (TAY) to step into adulthood and live
independent lives. Aspiranet, one of California’s largest social service organizations, used a social care management solution
(SCMS) to meet TAY's needs.

Objective: Weaimed to investigate the impact of an SCMS, IBM Watson Care Manager (WCM), in transforming foster program
service delivery and improving TAY outcomes.

Methods: We used amixed methods study design by collecting primary datafrom stakehol dersthrough semistructured interviews
in 2021 and by pulling secondary data from annual reports, system use logs, and data repositories from 2014 to 2021. Thematic
analysis based on grounded theory was used to analyze qualitative data using NVivo software. Descriptive analysis of aggregated
outcome metrics in the quantitative data was performed and compared across 2 periods: pre-SCMS implementation (before
October 31, 2016) and post-SCM S implementation (November 1, 2016, and March 31, 2021).

Results: Intotal, 6 Aspiranet employees (4 leaders and 2 life coaches) were interviewed, with amedian time of 56 (IQR 53-67)
minutes. The mgjority (5/6, 83%) werefemale, over 30 years of age (median 37, IQR 32-39) with amedian of 6 (IQR 5-10) years
of experience at Aspiranet and overall field experience of 10 (IQR 7-14) years. Most (4/6, 67%) participants rated their technological
skillsasexpert. Thematic analysis of participants’ interview transcriptsyielded 24 subthemesthat were grouped into 6 superordinate
themes: study context, the impact of the new tool, key strengths, commonly used features, expectationswith WCM, and limitations
and recommendations. Thetool met users’ initial expectations of streamlining tasks and adopting essential functionalities. Median
sati sfaction scores around pre- and post-WCM workflow processes remained constant between 2 life coaches (3.25, IQR 2.5-4);
however, among |eaders, post-WCM scores (median 4, |QR 4-5) were higher than pre-WCM scores (median 3, IQR 3-3). Across
the 2 study phases, Aspiranet served 1641 TAY having consistent population demographics (median age of 18, IQR 18-19 years;
female: 903/1641, 55.03%; race and ethnicity: Hispanic or Latino: 621/1641, 37.84%; Black: 470/1641, 28.64%; White: 397/1641,
24.19%,; Other: 153/1641, 9.32%). Between the pre- and post-WCM period, there was an increase in full-time school enrollment
(359/531, 67.6% to 833/1110, 75.04%) and a reduction in part-time school enrollment (61/531, 11.5% to 91/1110, 8.2%). The
median number of days spent in the foster care program remained the same (247, IQR 125-468 years); however, the number of
incidents reported monthly per hundred youth showed a steady decline, even with an exponentially increasing number of enrolled
youth and incidents.
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Conclusions: The SCMS for coordinating care and delivering tailored servicesto TAY streamlined Aspiranet’s workflows and
processes and positively impacted youth outcomes. Further enhancements are needed to better align with user and youth needs.

(IMIR Hum Factors 2022;9(4):€39646) doi:10.2196/39646
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improvement

Introduction

Foster Care

Extended foster care is considered an effective intervention to
help prepare young adults to transition into adulthood to live
independent, healthy, and successful lives and to help mitigate
therisk of undesirable outcomes. However, providing extended
foster careis acomplex process and requires coordination and
collaboration among various socia service departments and
stakeholders. The complex social reality of problems
encountered in social work isseen universally [1]. Often, youths
in foster care face multiple issues at a single point in time with
competing priorities around when and how to addressthem [2].
A robust and integrated system of careis needed to understand
the optimal processes and services to provide support for each
individual youth with unique needs [3]. According to child
welfare policy and services experts, the complex task of
managing youth in foster care has been considered similar to
therole of aparent and hence called “ corporate parenting” [4].

The transition to adulthood is a critical stage in one's life. A
young adult may encounter multiple significant challenges in
accessing the required resources and developing the skills
essential to becoming self-sufficient. Transitional-aged youths
(TAY s) are young people between the ages of 16 and 24 years
[5] who are in transition from state custody or foster care
environments and are at risk. Such individuals are at high risk
of experiencing several undesirable outcomes, such as mental
health or behavioral disorders [6], economic insecurity [7],
housing instahilities[8,9], crimina justiceinvolvement [8], and
unintended pregnancies [10]. Aspiranet, one of California's
largest social service organizations with headquarters in San
Francisco, California, provides abridge between foster care and
independence by providing extended foster care services to
enable TAY with the necessary life skills, counseling, and
medical treatment. Extended foster care can help protect TAY
from some of these adverse outcomes [11].

Foster Care Challenges

Foster program—specific challenges, such aslarge program sizes,
high employee and benefit recipient turnover, digointed care
coordination, and complex health and emotional needsin foster
children, makethisalready challenging task especially difficult.
In the United States >400,000 children and youths are in the
foster care system, with more than 150,000 youths aged 14 to
21 yearsenrolled in 2017 [12]. According to the Adoption and
Foster Care Analysisand Reporting System data, approximately
20,000 youths age out of foster programs each year [13]. In
California, the foster care population isthe largest in any state,
with approximately 51,000 children in foster care and a foster

https://humanfactors.jmir.org/2022/4/€39646

care rate of 5.8 per 1000 children using the 2019 US Census
Bureau data, which further compoundsthe challenge[14]. TAYs
in foster care programs need tailored attention and action plans
to address their individual and often multiple needs according
to the California Youth Transitions to Adulthood Study [15].
Overal, aimost one-third (30.9%) of the youth reported being
homel ess sometime during the 5-year study period [16]. Almost
53% (n=404) of California Youth Transitions to Adulthood
Study participants were found to have a positive diagnosis for
oneor more current mental and behavioral health disorder, with
a greater frequency of diagnosis among females than males
(57.5% and 46.9%, respectively) [17]. Overal, about 44% of
youths had justice system involvement before the age 17
interview [18].

The complexity of social care services among extended foster
care youth, along with siloed services and a lack of integrated
information systems, leads to less-effective and less-efficient
care delivery and communication [19]. To addressthis gap, the
establishment of datagovernance and management, streamlining
of processes, and integration of disparate systems under a
common platform are needed [20,21].

Care Management Solutions

Care management programs and systems have been widely
adopted in health care provider organizations, and emerging
evidence suggeststhat technol ogiesto support care management
may provide value in delivering complex care across social
services outside the clinical environment. Asreportedin earlier
studies, an advanced technology-based tool could enhance the
care delivery process through the integration of data- and
information-coordinated care. The benefit of such atool ranges
from providing comprehensive servicesto various stakeholders
across governments, nonprofits, and other organizations to
addressing the challenges of information silos and limited
resources [19,22].

Although evidence supports the value of case management
systems in stabilizing vulnerable adult citizens, to our
knowledge, such technologies have not yet been examined in
the TAY population. We sought to investigate whether and how
a cloud-based social care management solution could improve
the care of transitional youth in alargefoster care program using
a mixed methods approach. We hypothesized that the care
management system would not only streamline workflows and
facilitate social care service providers in delivering more
effective and efficient care but also improve youth outcomes
and successful transition into a self-sufficient adulthood.
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Methods

Study Site

Aspiranet isone of California’slargest nonprofit social service
organizations providing support for children, youth, and families
[23,24]. Founded in 1975 with a single group home, Aspiranet
now runs 44 community-based sites acrossthe state. It provides
aspectrum of services such asfoster care and adoption support,
residential group home care, support for youth making the
transition from foster care to adulthood, mental and behavioral
health  services, intensve home-based care, and
community-based family resources [25]. More than 35,000
children, youths, and parents have benefited from Aspiranet’s
Services.

Care Management System

In 2016, Aspiranet adopted IBM Watson Care Manager (WCM)
to transform its social services programs from a traditional,
paper-based process to an integrated and interdisciplinary
technology-based system. WCM and IBM Health and Human
Services Connect360 (data hub) is an integrated and
configurable cloud-based software-as-a-service solution that
allows teams to collaborate across agencies and reduce silos
and provides aholistic view of the person from a historical and
program perspective [26].

WCM enables child welfare workersto devel op integrated care
plans, triage vulnerable residents to the services, and foster
collaboration with other care professionals (eg, within and
external to Aspiranet, such as outpatient and school-based
mental health services) to optimize service delivery. WCM
integratesthe Casey Life Skills(CLS) tool kit to help guide and
assess the independent skills that youths need to achieve their
long-term goals [27]. CL S assesses life skill domains built on
the principles of psychometric measurement that defines alife
skills assessment not as behavioral performance but asageneral
life skills ability. Aspiranet fully implemented WCM over the
course of 2 years (2016-2018).

Study Design and End Points

Overview

A mixed methods study was conducted to understand the impact
of WCM on Aspiranet's workflow processes and youth
outcomes. The primary study end points were both qualitative
and quantitative measures. Qualitative examples included
Aspiranet employees perspectives on the impact of new
technology on care management effectiveness and efficiencies
compared with previous practices. We a so looked at quantitative
measures including program outcomes such as a change in
school enrollment, employment and housing status, number of
undesired events, and user satisfaction scores (5-point Likert
scale) pre- and postimplementation. Qualitative data were
obtained from interviews with Aspiranet employees who were
WCM users. Quantitative data were extracted from reports,
backend use logs, and data repositories. The study was
conducted from January 1, 2014, to March 31, 2021, with data
collection divided into 2 main phases. before using WCM
(before October 31, 2016) and after using WCM (November 1,
2016, to March 31, 2021).
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Study Participants

Purposive sampling in collaboration with Aspiranet
administrative staff was used to recruit Aspiranet employees
(ie, leaders and life coaches) to participate in the study.
Aspiranet leaders were executives in various roles, and life
coaches were the case managers who provided supportive
servicesto the at-risk youth transitioning to adulthood at various
Aspiranet locations. All participants were aged =18 years, who
had experience in administering the TAY program both before
and after the implementation of WCM. Informed consent was
obtained from each participant.

Ethics Approval

All study participants provided written consent to participate
in personal audio-recorded interviews. This study was deemed
exempt from human subjects research regulations by the
Western Institutional Review Board (WCG IRB Work Order
#1-1437184-1), exempted under 45 CFR § 46.104(d). All key
study personnel involved in the design or conduct of theresearch
completed the required education and certification on the
protection of human research subjects.

Qualitative Data: Semistructured Interviews

In-depth interviewswere conducted over videoconferencing on
WebEx using a semistructured topic guide (Multimedia
Appendix 1) to elicit information about fostering collaboration,
optimizing care management for TAY, workflows, the
experience with WCM and legacy systems, benefits and
challenges of WCM, and the impact on efficiency and
youth-centered care coordination. Interviews were conducted
by a physician informatician (RFR) and medical ethnographer
(CBV) with training and expertise in eval uating user experience
and the effects of health information technologies.

Quantitative Data: Program Outcomes

Overview

Pre-WCM secondary data were primarily collected from the
Aspiranet L egacy Data Hub containing higher-lever descriptive
data about employees and enrolled youth. Owing to inherent
barriers associated with management and tracking, no
paper-based datawere collected. Post-WCM datawere collected
from both the Aspiranet Legacy Data Hub and a Cognos
reporting system (post-WCM implementation), describing a
more granular picture of WCM use and program outcomes; for
example, goals, actions, and tasks. For the data coming from
legacy databases, thetechnical staff at Aspiranet performed data
extraction, cleansing, and quality checks, which were validated
by 2 IBM researchers (BRS and RFR). For the Cognos data, an
IBM IT specialist worked closely with the Aspiranet staff to
run the reports. Deidentified backend datafor 2 specific periods,
pre- and post-WCM implementation, were obtained for analysis.

The data collected included the number of enrolled TAY, the
number of goals established (ie, a set achievement to reach a
milestone, eg, getting adriver'slicense or enrolling in college),
tasks (ie, actions taken to reach that specific goal, eg, pass a
permit test or file a college application), and the number of
incidents or undesired events (eg, car accident, school
suspension, and police involvement).
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Qualitative Analysis

Interview transcripts were transcribed, deidentified, and
analyzed by 2 members of the research team (RFR and CBV)
using NVivo software (QSR International) [28,29]. A thematic
approach directed by grounded theory [29] was used to devel op
a codebook in which disagreements were resolved through
discussion until consensus was reached.

Coding in qualitative analysis is a process of systematically
categorizing qualitative data into themes and patterns. The
process entails open coding (ie, first breaking down textual data
into discrete parts), followed by axial coding (ie, drawing
connections between codes), and finally selective coding (ie,
cataloging all categories together around 1 core theme) [30].
Coding was performed sequentially by 2 research team members
(RFR and CBV), with regular communication and discussion
to ensure consistency and accuracy. The perspectives of leaders
and life coaches were collected about pre- and post-WCM
experiences, such astheimpact on workflows, quality of service
delivery, and youth outcomes.

Quantitative Analysis

Descriptive statistics for each outcome of interest were
summarized as frequencies (percentages) for categorical data
or as mean (SD) or median (IQR) for normally distributed or
nonnormally distributed continuous data, as appropriate for pre-
and post-WCM periods. Examination of normal distribution
assumptions for continuous data was determined using
guantile-quantile plotsand histograms. These plotsare graphical
ways to check whether the data follow a normal distribution.
All statistical analyses were conducted using SAS language on
WPS Analytics (version 4.2; World Programming) [31].

Table 1. Study participant characteristics (n=6).

Rizvi et d

Results

Overview

The mixed methods study results are provided in subsequent
sections. Qualitative analysis of the primary data is presented
first followed by a quantitative analysis of the secondary data.

The results validated how the management of vulnerable
populations, such as TAY, is multifaceted and has been
operating across various fragmented, siloed systems until the
implementation of WCM in 2016. Qualitative analysis of
primary datais presented first, followed by quantitative analysis
of secondary data, highlighting how WCM is facilitating the
streamlining of care processes and the resulting outcomes.

Primary Data: Qualitative Analysis

A total of 6 Aspiranet employees agreed to participate in the
study. Table 1 summarizes the participants characteristics. All
were aged >30 years (median 37, IQR 32-39) and have either
a bachelor’s or master’s degree, and the majority (5/6, 83%)
were females. Participants included leaders (4/6, 67%) and life
coaches (2/6, 33%) having a median of 6 (IQR 5-10) years of
experience at Aspiranet and overall experience in this field of
10 (IQR 7-14) years. Regarding self-assessed technology skills,
most (4/6, 67%) participants rated themselves as experts or as
close to an expert. The median time spent on each interview
was approximately 56 (IQR 53-75) minutes.

The thematic analysis of 6 transcripts by 2 qualitative experts
(RFR and CBV) unveiled various subthemes (n=24) that were
grouped into the following higher level superordinate themes
(n=6), as summarized in Figure 1.

The 6 superordinate themes and the corresponding subthemes
that emerged from the thematic analysis of the interview
transcripts are described in subsequent sections.

ID  Gender Age Degree Role Experienceat Aspi- Overall Experience Self-assessed technol-  Interview dura-
(years) ranet (years) (years) ogy skill level tion (minutes)
1 Female 37 Master's Lifecoach 5 7 Intermediate 52:52
2 Female 32 Bachelor’s Lifecoach 6 10 Expert 67:02
3 Female 31 Master's L eader 3 5 Expert 48:03
4 Female 63 Bachelor’s Leader 10 10 Close to an expert 54:43
5 Male 39 Bachelor’s Leader 12 15 Between intermediate  75:37
and expert
6 Female 36 Master's L eader 6 14 Close to an expert 58:28
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Figure 1. Thematic analysis reporting superordinate and subthemes (*key themes). WCM: Watson Care Manager.
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Superordinate Theme: Study Context

This theme has subthemes that are explained in subsequent
sections.

Aspiranet’s Mission and Vision

The mission of Aspiranet’'s TAY program is to provide young
adults between the ages of 18 and 24 years with a level of
support and services so they can be successful once they
transition out of foster care and start living on their own. The

TAY program’s long-term vision is to help support aworld in
which dl children, youths, and their familiesare loved and cared

Textbox 1. Aspiranet staff feedback on their mission and vision.

for and that they have the resources that they need to lead a
healthy and successful life.

Thisisacomplex challenge. Aspiranet’slife coaches help link
their clients with governmental socia resources, while also
helping them develop the skills needed to achieve basic life
skills (eg, housekeeping) and supporting their path to achieving
and maintaining safety, permanency, and economic success
(Textbox 1). In addition to the diversity of client demographics
(eg, age, race, ethnicity, and religion), life coaches may help
address arange of issuesfrom emotional, behavioral, and mental
health conditions to teen pregnancy, homelessness, and
employment challenges. Life coaches clients often require
dramatically different levels and types of assistance.

e Aspiranet’'smission

o Aspiranet’svision

have the resources that they need to try.” [Leader]

o “I think, (the role of) Aspiranet is to provide our clients with the foundation & support to be able to kind of live on their own & provide
resources, (that could guide) them to transition from foster care to amore independent living.” [Life coach]

«  “But, | mean, our vision isaworld in which al of our children, & for my division is youth are loved & cared for, you know, & that they

Aspiranet’s Role

The role of Aspiranet starts with first breaking down
communication barrierswith the youth who often come in with
multiple traumatic experiences, rendering them emotionally
unstable. Thisleadsto an open and more productive discussion
between the youth and caregivers and helps to identify the

https://humanfactors.jmir.org/2022/4/€39646
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youth's specific needs (education, housing, employment, and
basic life skills) and to make targeted plans. Aspiranet playsan
important role to help youth achieve the actual goal by linking
resources to needs through collaboration with various agencies
(Textbox 2). To make changes at the macro level, Aspiranet
plays an essential rolein engaging with the legislative process,
particularly at the state level:
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Textbox 2. Aspiranet staff feedback on their role with at risk youth.
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« “lwasgoing to say, it'sjust kind of my job iskind of like the tour guide. It's like, I'm like that step. Yeah, like on their side o, like, asthey’'re
kind of moving along, I'm literally there through every step.” [Life coach]

Population Characteristics and Needs

All interviewees mentioned the prevailing diversity in youth
population demographicsin termsof gender, age (18-24 years),
race and ethnicity, and religious backgrounds. All patients
experienced sometype of traumaintheir lives. They al pointed
out an array of pressing challenges that their clients face

(Textbox 3), often more than one at a time. Examples include
age-related emotional challenges, behavioral and mental health
conditions, housing, education, employment challenges, and
lack of basic life skills asthey are often systemized (ie, coming
from structured facilities with more dependency on others),
multiple placements and acquaintance to environment and
individuals, and pregnancy at ayoung age:

Textbox 3. Aspiranet staff feedback on challenges that their incoming youth encountered.

o “I would say housing just because the market for this particular population is scrutinized sometimes only because they’re young, so when it
comes down to being 21, alot of apartment complexes don’t necessarily like to work with 21 year old. Landlords think our clients are not mature
enough to handle the pressure of being on their own. So, it's alot of the housing & on top of them having the housing crisis that we've had for

afew years” [Leader]

Major Organizational, Departmental, and Data L ocation
or Complexity Challenges

Several challenges were brought up by leaders and life coaches
and grouped into 2 main categories. one independent of the
COVID-19 pandemic and the other ensuing or surfacing during
the COVID-19 pandemic. Agencies working in silos owing to
lack of integration and coordination are another important
challenge. The continuing reliance on paper and not being fully
digitalized added more challenges to the processes. Some
challenges noted include having large amounts of data from

Textbox 4. Aspiranet staff feedback on their day-to-day challenges.

different dataresources; dataexisting in variousformatsand in
different locations; duplicate data entry; and not being able to
comprehend thefull picture of theyouth’srecordsfrom multiple
discrete piecesof data. Financial challengesand limited funding,
especially to meet housing needsin the state of Californiawith
the rising cost of living, were mentioned most often. Among
other challenges that are directly or indirectly affected by the
COVID-19 pandemic arethoserelated to hiring staff, devel oping
and training new employees, and excessive workloads. (Textbox
4)

«  Lack of integration and coordination

«  “You know, the lack of integration or coordination. With other departments & agencies, we often work in silos where other providers are
out there, providing the same type of work that we're providing & kind of doing itin silos” [Leader]

«  Reliance on paper-based data

. “..another issue is just in terms of the integration of services, it's really this way of working where we're till very reliant on paper...”

[Leader]

«  Fragmented data (in discrete formats and locations)

o “..(we) collect alot of data associated with both our youth aswell as the serviceswe're providing. Then (thereis data) on an ongoing basis
(such as) case notes, service plans, al sorts of things... for each youth that we serve &...lot of cases, those pieces of information arein lots

of different locations or different systems.” [Leader]

»  Challenges associated with the pandemic

« “Staff development, the workload being too high, insufficient time, specifically over the last year during the pandemic.” [Life coach]

Employee-Related Facets

An employee’soveral integrity and commitment to help clients
achieve their goals is considered an indirect measure of their
performance. Therefore, it isthe quality and not the quantity of

Textbox 5. Aspiranet staff reflect on their performance related measures.

work that steers the performance evaluation (Textbox 5). All
employees mentioned that the ongoing training they periodically
receive helped them better understand the processes and better
use available tools, particularly WCM:

« “Atleast from what I've been able to see, and how | evaluate the employee, it is not really about the quantitative work, (it is) more about the

richness of the work.” [Leader]
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Superordinate Theme: User-Reported Benefits of
WCM

This theme has subthemes that are explained in subsequent
sections.

I mpact on Workflow Processes

Beyond the convenience of access and minimizing the gathering
of paperwork, all respondents brought up the benefits of having
acentralized electronic system in which data were entered and
saved in real time. Rather than entering weekly contact notes
(before the WCM), notes are being entered in atimely manner
without waiting for weekly data dumps. Data could now be
retrieved and viewed immediately from anywhere, anytime, and
anyone from the team.

Rizvi et d

WCM enhanced the usability and utility of youth information
through the ability of configuration capabilities to retrieve and
present desired reports. The participants discussed the
importance of effective and efficient workflows and how this
efficiency enabled them to rapidly triage vulnerable residents
to the services they need in a quicker manner. This ease of
access to a full synopsis of any client allows for flexibility in
the performance of client duties. In an emergency, alife coach
unfamiliar with aclient could simply look up all their pertinent
information. Although not aperfect solution, this capability did
provide a significant improvement over the current workflow
(Textbox 6).

Textbox 6. Aspiranet staff reflect on the transition before and after implementation of Watson Care Manager.

« Real leader time electronic data entry

«  “Prior to WCM, (the life coaches) had to write down notes then go to the file cabinet to pull out notes or to put them into afile & so now
with Watson, the notes get entered in real time... asthey’re having their interaction with the young adult, they’re already typing in the notes.”

[Leader]

.  Effective or timely care delivery

o “..(theprocessis) transitioning...to areal time information mindset. In other words, the dataisn’t updated once aweek, or once a quarter.
Itis updated once aday; it's updated as frequently asit needs to be...Personally, | think that's a huge shift in the way people work & | think
it's ahuge shift in the way people are able to kind of better manage their youth relationship.”

. Easy accessto data

« “Before, you know, wejust had it (paper records) in a chart room. You had to be literally in the office to find anything you wanted. So, it's
really great to be able to have that on hand, made it smoother & when, in emergencies or in crisis where you need to access that information

quickly.” [Life coach]

Impact on Time and Cost Savings

Participants believed that there were definite time savings
realized after WCM implementation that indirectly or directly

resulted in cost savings. Some of the reasons included saving
time on commute due to convenient access to the tool, less
overtime granted to catch up on notes, and more effective notes
retrieval (Textbox 7).

Textbox 7. Aspiranet staff identify how Watson Care Manager potentially affected time savings.

o Timesavings

o “Case so absolutely, | would say asavingsin thetravel & thetimein printing & scanning & in having to set up meetings because now it's
more collaborative & people are more up to speed or the cases.” [Leader]

«  Cost saving as proxy of time savings

« “Becausealot of overtime was granted catching up on notes... there's been tons of time savings... Watson is available on el ectronic devices.
It's mobile. They don’t have to come back to an office to write down their notes or to type things, & they’re doing it out in the field. I'm
100% positive that it has saved our life coaches alot of time.” [Leader]

consensus that youth outcomes are also improving, such as
better retention, which could be further validated by examining
objective data. However, the reason for these improvements
may be multifactorial because WCM is only one of several

Impact on Quality of Care and Outcomes

According to the participants, their interactions with youth are
much more enriched; that is, youths are more focused and

engaged while managing their own care plans. There is
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modifications to workflows (Textbox 8).
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Textbox 8. Aspiranet staff discuss how Watson Care Manager impacted their work with the youth.

«  Enriched interactions and better engagement

. Better outcomes

«  “Définitely, | could see (improvement), like, it kind of helps to enhance in a sense because, like | said, the youth can more physically see
what’s going on...so that does help because it's (they) more focused...” [Life coach]

o “..butl think definitely (there is an improvement)...but from my observation (thereis) an increase in youth engagement.” [Leader]

o “..[Thereis]decreasein voluntary & involuntary discharges. Some of the data that I’m seeing [outcomes] right now can | tie it to Watson
100% confidently? No! but | think that there’s a correlation.” [Leader]

Superordinate Theme: Key Strengths

This theme has 4 subthemes explained in subsequent sections
with supporting quotes.

Data Centralization

The tool served as a convenient, centralized system, with all
youth information consolidated in one place, thus providing a
holistic 360° view of any youth at any time (Textbox 9).

Textbox 9. Aspiranet staff discuss how Watson Care Manager consolidated their workflow.

« Centralized data hub

« Holistic view of youth profile

«  “Oh, yeah, having Watson Care Manager keeps everything in the centralized system. That way we don’t haveto go back and forth in between
pulling up the youth’s goalsiin their folder. We have it all in our Watson Care Manager.” [L eader]

. “..hereagain, thiskind of a 360 degree view that's accessible to any member of a care team at any point.” [Leader]

Inferred Assistance Through Rich CarePlansand Clear
Road Maps

WCM helped all youth receive high-quality care, regardless of
the complexity of the youth’'s needs or the experience level of
thelife coach by rendering rich care planswith clear road maps.
As stated earlier, many life coaches had heavy client burdens,
and leaders found it difficult to hire new staff in the wake of

the COVID-19 pandemic. Assuch, life coacheshad large client
loads, and a number of coaches had few years of experience.
The large client list and complexity of each client case meant
that each client required an array of assessments, documents,
and other appraisals to ensure their health and safety (Textbox
10). By embedding access to decision support, WCM supported
life coaches with varying levels of experience to perform
treatment protocols developed by seasoned veterans:

Textbox 10. Aspiranet staff reflect on how Watson Care Manager assisted them in complex tasks.

coach]

o “Say,if I'mputting in asafety plan, it will actually alert meto ask ‘did | contact any medical needs? Are the policeinvolved? It (WCM)reminds
me ‘hey, you need to check on these things'... So, you're not like trying to go off of experience... | think really guides our best practice” [Life

Reduced Cognitive Burden

missed action (Textbox 11). This is provisioned through the
WCM capability of alerts and prompts, in addition to real-time

Inthis capacity, WCM functioned asa*memory bank,” ensuring  data entry, eliminating any recall biases while entering data:

that no tasks or actions needing attention are overlooked or

Textbox 11. Aspiranet staff reflect that Watson Care Manager would aid them in the full completion of tasks.

-do thisright now or else’.” [Life coach]

. “Watson will project for specific actions that need to be done to that task. So, say, for instance, if | put in a safety plan, it's going to prompt me
(and ask) have you done this, this, this and this? So instead of me trying to operate on memory, Watson's actually projecting and saying, ‘ stop!

Configuration Capabilities and I ntegration With CLS

and efficient manner. Earlier, therole of the CLStool was more
for compliance checks but now it is being used more

The integration of WCM with the CLS tool has provided us  meaningfully (Textbox 12):

with an opportunity to follow youth progressin amoreintuitive

https://humanfactors.jmir.org/2022/4/€39646
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Textbox 12. Aspiranet staff feedback on the intuitive integration of Casey Life Skillsinto their workflow.

« “l amvery excited about the configuration within Watson to our Casey life skillstool. Traditionally, we use thistool and (it was) just filed away...
it was more transactional compliance check, completed it every 6 months, and it was thrown into the file. (But) With the configuration that we
did within Watson recently, we were able (have) the scores added to the thing in Watson and then we're able to pull areport from Cognosto be
able to demonstrate growth.” [Leader]

automatic goal s or action, configurability with CL'S, touchpoint

Superordinate Theme: Commonly Used or notes, youth photos, and the summary page (Textbox 13).

High-Valued Features

The users mentioned several commonly used features. A few
that were brought up repeatedly are aerts and reminders,

Textbox 13. Aspiranet staff feedback on their most commonly used Watson Care Manager features in their workflows.

« Alertsand reminders

«  “Watson so that we get aerted when the system recognizes. Someone may benefit for mental health services so that the life coach, and the
team is aware, and can provide those referrals to the community to address any gaps.” [Leader]

« Automatic goals, actions, and care plans

«  “So, definitely the automatic goals action alerts. | think really guide our best practice and are used the most often.” [Leader]

«  Configurability with Casey Life Skills

« “Casgy’s (CLS) are actually interacting with the goals so that’s really nice. That's a new feature that’s just kind of been developing. And
so that's really nice. | do like that. It promotestasks. Like | said, | enjoy that too.” [Life coach]

and associated tasks more efficient and effective. Employees
expectationswere met by thetool’simplementation, asit brings
Workflow Ease, Effectiveness, and Efficiency all datainto an electronic form and under one platform (Textbox
14). Previously, information was collected and stored in various
places and different formats:

Superordinate Theme: Met and Unmet Expectations

One of the initial expectations was that the new care
management tool would make the completion of the processes

Textbox 14. Aspiranet staff reflect on their expectations moving to an al-in-one platform.

. “One of the expectations (we had and) was not an immediate expectation. Something that would happen over time is that there would be kind
of efficiencies associated with the work that a life coach did and improvement in their process... Being able to, you know, access data and enter
datain thefield to have dataall in one place, as opposed to in alot of different (place), you know, systems or paper files or whatever. And | think
to that extent, Watson has met those expectations.” [Leader]

(Textbox 15). They believed that since the technology is still

Augmented I ntelligence Using Artificial Intelligence evolving, their expectations would be met in the near future:

Artificia intelligence technol ogieswas an areawhere employees
had higher expectations that they felt remained unfulfilled

Textbox 15. Aspiranet staff reflect on their expectation of an artificial intelligence technology.

«  “You know, | was expecting arobot to be honest almost. Maybe, | was not being realistic that (it) was going to take over (and) is going to help??
(us) through every single step...I had very high expectations of it and maybe unfair expectations of it, you know so | would say that while it has
not fully met my entire expectation of it. You know, it's making steps towards that very slowly...” [Leader]

currently absent that would improve the workflow (Textbox

Superordinate Theme: Limitationsand 16);

Recommendations

I ntuitive Client Dashboard

Having a client dashboard for users and to generate reports
enabling them to see their client snapshots is another feature

Textbox 16. Aspiranet staff reflect on what potential features like dashboards that would be helpful in the future.

« “Andso, likel said, it, that part has been hard to like (i.e.), to run aquick report...al so our supervisors can't (run reports), thereis not like a quick
dashboard. They would have to understand tablesin order to go into Cognos and run the report to get that information.” [Leader]
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Enhanced | nformation Retrieval Functionalities information retrieval wasacommonly reported theme (Textbox
Integration of a sophisticated search engine to further expedite 17):

Textbox 17. Aspiranet staff reflect on what potential features like search engines that would be helpful in the future.

« “If you can search, like, a search window where you can type (such as), if you are looking for some specific doctor’s visit, so typein (doctor’s
visit), and it pulls up al the doctor’s visit. Something like that.” [Life coach]

be suboptimal. Additional developments around these features

Efficient Data Management could likely reduce the redundancy of task completion and hence
Data management, such as automating the data population, the  enhance efficiency (Textbox 18):
ability to bulk edit, and repeated data entry tasks, is believed to

Textbox 18. Aspiranet staff reflect on efficiencies that could be gained through data automation.

. “(Getting tasks done) is tedious (having), repetitive forms or repetitive actions and tasks or just having their name and birthday (repeatedly
entered) in every form, it just gets to be too much...” [Life coach]

for example, provision of email or chat between supervisors

Enhanced Communications Functionalities and life coaches for quick communications (Textbox 19):

Some of the recommendations made by the employees were
enhancing the communications functionality within the tool;

Textbox 19. Aspiranet staff reflect on how their recommendations for WCM would improve internal communication.

«  “Supervisor needs to review something that a life coach completed, there should be like a way to alert them through the tool. Or | feel like, in
this case, it would be an email that needs to be sent saying, ‘ hey, you have an aert on thisclient’.” [Life coach]

. ) o . 3.25, IQR 2.5-4). Among leaders, the results suggest a higher
Primary Data: Quantitative Analysis satisfaction score for post-WCM implementation (median 4,
When comparing pre- and post-WCM implementation |QR 4-5) when compared with preWCM implementation
satisfaction scores, as measured using a 5-point Likert scale,  (median 3, IQR 3-3; Figure 2). Datafrom interview 4 were not
the scores remained constant between the 2 life coaches (median  included because there was no before and after comparison.

Figure 2. Pre-and post-Watson Care Manager implementation satisfaction scores measured on a 5-point Likert scale. The number denotes self-scored

satisfaction.
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Secondary Data: Quantitative Analysis

Youth Demographics, Length of Service Days, School
Enrollment, and Employment

Across the 2 study phases, the Aspiranet TAY program served

Rizvi et d

1641 transitional youth. The median age (IQR) was 18 (18-19)
years, and 55.32% (614/1641) of the patientswerefemale. The
reported race or ethnicity data across this population included
Hispanic or Latino (621/1641, 37.84%), Black (470/1641,
28.64%), White (397/1641, 24.19%), and other (153/1641,
9.32%; reported in Table 2).

Table 2. Youth demographics and socia determinants of health characteristics pre— and post—-Watson Care Manager (WCM) implementation.

Youth characteristic

Pre WCM (n=531)

Post-WCM (n=1110)

Age at start (years), median (IQR) 18 (18-19) 18 (18-19)
Gender (female), n (%) 289 (54.4) 614 (55.32)
Race and ethnicity, n (%)

Hispanic or Latino 202 (38) 419 (37.75)

Black 152 (28.6) 318 (28.65)

White 126 (23.7) 271 (24.41)

Other 51 (9.6) 102 (9.19)
Length of service (days), median (IQR) 234 (130-479) 249 (123-458)
Current school status, n (%)

Enrolled full time 359 (67.6) 833 (75.05)

Enrolled part time 61 (11.5) 91(8.2)

Not enrolled 111 (20.9) 186 (16.76)
Employed, n (%) 137 (25.8) 152 (13.69)
Housing status, n (%)

Vacancy (existing) 130 (24.5) 885 (79.73)

Theoverall median length of service (IQR; ie, time spent under
care management) was 247 (125-468). School enrollment varied,
with most youth enrolled full-time (1192/1641, 72.64%), some
enrolled part time (152/1641, 9.26%), or some not enrolled at
all (297/1641, 18.1%). Youth employment and available housing
vacancy were 17.61% (289/1641) and 61.85% (1015/1641),
respectively.

Table 2 summarizes the characteristics of the pre- and
post-WCM implementation. The data showed that youth
demographics and median length of service days remained
consistent for both phases. The school status showed some
increase in full-time enrollment, a decrease in part-time
enrollment, and a reduction in the number of students not
enrolled. The percentage of youths employed from the pre-WCM
to post-WCM phase declined, likely impacted by the COVID-19

https://humanfactors.jmir.org/2022/4/€39646

pandemic. With respect to housing, the number of available
vacanciesincreased substantially from before to after the WCM.

Incidence of Undesired Events Among Youths

For the 2 phases under study, the number of incidents (undesired
events) reported was 842 and 2074 for pre- and post-WCM
implementation, respectively. Figure 3 showsthe monthly trend
for the number of incidents (blue line), number of youths
receiving services (gray line), and number of incidents per 100
youths (yellow ling). The number of youths receiving services
increased over time (gray), while the number of incidents (blue)
seemed to increase slightly over time, even though variability
was high. The results also sug