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Abstract

Background: Among adultswith type 2 diabetes mellitus (T2DM), adherence to recommended self-care activitiesis suboptimal,
especially among racial and ethnic minoritieswith low income. Self-care nonadherence is associated with having worse glycemic
control and diabetes complications. Text messaging interventions are improving the self-care of adults with T2DM, but few have
been tested with disadvantaged populations.

Objective: To develop Rapid Education/Encouragement And Communications for Health (REACH), atailored, text messaging
intervention to support the self-care adherence of disadvantaged patients with T2DM, based on the
Information-M otivation-Behavioral skills model. We then tested REACH'’s usability to make improvements before evaluating
its effects.

Methods: We developed REACH's content and functionality using an empirical and theory-based approach, findings from a
previously pilot-tested intervention, and the expertise of our interdisciplinary research team. We recruited 36 adults with T2DM
from Federally Qualified Health Centers to participate in 1 of 3 rounds of usability testing. For 2 weeks, participants received
daily text messages ng and promoting self-care, including tail ored messages addressing users' unique barriersto adherence,
and weekly text messages with adherence feedback. We analyzed quantitative and qualitative user feedback and system-collected
datato improve REACH.

Results. Participants were, on average, 52.4 (SD 9.5) years old, 56% (20/36) female, 63% (22/35) were a racia or ethnic
minority, and 67% (22/33) had an income less than US $35,000. About half were taking insulin, and average hemoglobin A
level was 8.2% (SD 2.2%). We identified issues (eg, user concerns with message phrasing, technical restrictions with responding
to assessment messages) and made improvements between testing rounds. Overall, participants favorably rated the ease of
understanding (mean 9.6, SD 0.7) and helpfulness (mean 9.3, SD 1.4) of self-care promoting text messages on a scale of 1-10,
responded to 96% of assessment text messages, and rated the helpfulness of feedback text messages 8.5 (SD 2.7) on a scale of
1-10. User feedback led to refining our study enrollment process so that users understood the flexibility in message timing and
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that computers, not people, send the messages. Furthermore, research assistants' feedback on the enrollment process helped
improve participants engagement with study procedures.

Conclusions: Testing technology-delivered interventions with disadvantaged adults revealed preferences and concerns unique
to this population. Through iterative testing and multiple data sources, we identified and responded to users intervention

preferences, technical issues, and shortcomings in our research procedures.

(IMIR Hum Factors 2016;3(2):€23) doi:10.2196/humanfactors.6029

KEYWORDS

mobile health; patient adherence; type 2 diabetes mellitus; text messaging; health status disparities

Introduction

Overview

Currently, at least one in three people will develop type 2
diabetesmellitus (T2DM) in hisor her lifetime[1]. Peoplewith
diabetes are at higher risk of critical health complications
including kidney failure, heart disease, and stroke [1]. More
than 20% of health care spending in the United States goes
toward peoplewith adiagnosisof diabetes[1]. Racial and ethnic
minorities are more likely than non-Hispanic whites to have a
diagnosis of T2DM [1] and, once diagnosed, have more
diabetes-related complications [2], hospitalizations [3], and
premature death [4].

People with T2DM can take medication, eat healthily, exercise,
and test blood glucoselevelsto achieve optimal glycemic control
[5] and, in turn, prevent diabetes complications [6] and
premature mortality [ 7]. However, theinitiation and maintenance
of these self-care activities is challenging [8], and rates of
self-care adherence are low among adults with T2DM [8,9].
Adherence rates are even lower among racial and ethnic
minorities [10-12] and persons of low socioeconomic status
(SES) [13] owing in part to financial difficulties and
misconceptions about diabetes and self-care (eg, believing they
do not have control over their diabetes, believing medication is
not important) [8,14-16].

Mobile phone-based interventions using text messaging are a
practical approach for improving medication adherence among
low-SES, racia and ethnic minorities with T2DM. More than
90% of US adults own a mobile phone [17]. Although
smartphones are used less among individual swith diabetes[18],
lower income [19], and lower education [19], text messaging
does not require a smartphone and is the most common activity
among all mabile phone users, used equally across SES, race,
and ethnicity strata [20,21].

Text messaging interventions are improving the self-care and
glycemic control of adults with diabetes [22-24], but few have
been tested with disadvantaged popul ationsin the United States
[25]. Two prior text messaging interventions [26,27] improved
glycemic control in low-SES samples but not relative to a
control group. A third text messaging intervention [ 28] improved
glycemic control among a racially diverse sample but this
sample had relatively high SES. Each of theseinterventionsuse
text messagesto address barriersto self-care, but noneidentifies
and addresses each user’s unique barriers. Such barriers vary
from person to person with T2DM [29-32], requiring atailored
user experience.

http://humanfactors.jmir.org/2016/2/e23/

Tailoring text messages to a user’s unique adherence barriers
can addressissues most applicableto him or her, such aslimited
diabetesknowledge, negative beliefs about medication (eg, fear
of side effects), or limited financia resources [16]. Although
interventions cannot easily target a person’s SES, they can
enhance one's problem-solving ability to address financial
barriers and other modifiable barriers [14,16]. We devel oped
the MEssaging for Diabetes (MED) intervention that sends
tailored text messages addressing user-specific barriers to
adherence and text messages assessing adherence [33]. After 3
months of MED among disadvantaged adultswith T2DM, users
barrierswere reduced and barrier reduction was associated with
improved glycemic control [34]. Furthermore, MED userswere
highly engaged, responding to 84% of daily assessment
messages, and engagement did not differ by sex, race, income,
health literacy, or duration of diagnosed diabetes [35]. MED’s
findings are consistent with reviews suggesting text messaging
interventionswith personally relevant, tailored content are more
engaging [36] and effective [37] than those without tailored
content.

Additionally, thereis mixed evidence asto whether theory-based
interventions are more effective than atheoretical interventions
[38,39]; this is in part due to interventions not extensively
applying theory and using theories that are inappropriate for
behavior change [38]. The Information-M otivation-Behavioral
skills (IMB) model suggests that adherence to a behavior
depends on behavior-specific knowledge, persona and social
motivation, and behavioral skills [40]. The IMB model is
empirically validated among a wide range of diverse samples
of adultswith T2DM, including sampleswith low SES[41-43],
and explains more than 40% of the variance in their medication
adherence [43]. Text messaging interventions for T2DM
self-care arerarely based on health behavior theory [24,44,45].
Of the few text messaging interventions tested among
disadvantaged populations with T2DM, only 2 mention using
atheory-driven approach [27,28]; however, the extent to which
theory was applied in these interventions is unclear.

Objective

We developed Rapid Education/Encouragement And
Communications for Heath (REACH), a tailored, IMB
model—based text messaging intervention. We performed 3
rounds of usability testing with adults with T2DM receiving
care from Federally Qualified Health Centers (FQHCs) to
identify and address any content and functionality issuesbefore
evaluating REACH'’ s effects on self-care and glycemic control.

JMIR Hum Factors 2016 | val. 3 |iss. 2 |e23 | p.4
(page number not for citation purposes)


http://dx.doi.org/10.2196/humanfactors.6029
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR HUMAN FACTORS

Methods

REACH Intervention Development

REACH was developed with MEMOTEXT, an algorithmic
communications and data management platform supporting
personalized user outputs and inputs via short message service
(SMYS); interventions using this platform have been tested with
diverse patient popul ations with different health conditionswho
found them acceptable, engaging, and whose adherence
improved >30% [46,47]. We worked with MEMOTEXT to
devel op REACH based on our experience devel oping and testing
MED [33-35].

REACH Content Development

Similar to MED, we created tailored text messages addressing
barriers to medication adherence common in our target
population; however, REACH addresses more barriers to
adherence than MED and barriers map onto the IMB model. To
develop REACH content, wefirst conducted athorough review
of published studies reporting medication adherence barriers
among adults with T2DM. In October 2014, we searched for
studies in PubMed using terms from each of 3 categories: (1)
medication adherence (ie, diabetes medication, medication
adherence, medication nonadherence, medication compliance),
(2) barriers(ie, barriers, challenges, problems), and (3) diabetes
or type 2 diabetes. Terms were intralinked with “OR” and
“AND.” There were no restrictions on year of publication. We
then searched references cited in eligible articles and articles
citing relevant articles by hand. Expertsin diabetes medication
adherence on our team (authors SK and CYO) ensured our
search captured meaningful articles. We reviewed all studies
identifying barriers to diabetes medication adherence among
adults diagnosed with T2DM and documented the reported
barriersand race and ethnicity of the sample. Across 30 studies,
we identified 68 barriers to taking medications and 7 barriers
to taking insulin. We then sorted and collapsed similar barriers,
resulting in 31 medication-related and 5 insulin-specific barriers.
Finally, we tagged each of the 36 barriers to the IMB model’s
information, motivation, or behavioral skills constructs [40],
and content experts drew on identified studies to develop text
messages addressing each barrier (Table 1).

Users of MED wanted text messages providing information
specificto their prescribed medications. Therefore, the REACH
team’s clinical pharmacist and nurse practitioner identified and
classified available oral hypoglycemic agents, insulin, and
noninsulin injectable drugs (glucagon-like peptide-1 receptor
agonists). They then devel oped regimen-specific text messages
on how to handle missed doses, manage medication side effects,
administer medication, and store and discard medication for
each class of medication.

MED users aso recommended adding messages promoting
other self-care behaviors (in addition to medication adherence)
and inspirational messages[67]. In response, the REACH team’s
dietitian/diabetes educator developed text messages with tips

http://humanfactors.jmir.org/2016/2/e23/
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promoting adherence to healthful eating, physical activity, and
self-monitoring of blood glucose (SMBG). These messages
were developed with the goal of providing general diabetes
nutrition, exercise, and SMBG statements that are applicable
to people with diabetes (vs specific instructions or information
that should be determined in a one-on-one consult). Therefore,
guidelinesfor devel opment of these messages were to generate
content providing concrete and practical diabetes information
applicable to most adults with T2DM. We also developed
inspirational text messages to encourage the initiation and
maintenance of self-care efforts (eg, “ Remember that you have
the power every day to make progress toward improving your
health!”) and ensured all messageswere contextual ly appropriate
(eg, referenced local resources, avoided mention of things such
as gym memberships).

After developing all content, the REACH team’s health
communication experts reviewed and edited text messages to
be readable and understandable (ie, written at the sixth-grade
reading level, avoided complex terms and jargon, and health
literacy appropriate). Finally, a digital content developer
shortened messages (<160 characters) and ensured consistent
tone across messages and appropriateness for digital delivery.

REACH Functionality Development

With the help of MEMOTEXT, we developed functionality to
optimize the REACH user experience, making it more
personalized and interactive than MED. MED users received a
daily text message assessing whether they took their medication
that day. Users responded to this message frequently [35] and
said it served as areminder to take their medication [67]. We
retained this feature in REACH but made the experience more
interactive. For example, if users respond “no,” they receive a
follow-up message asking why they did not take their medication
with response options to encourage reflection on reasons for
nonadherence (Figure 1).

MED usersreceived feedback on their adherence (ie, aggregated
responses to daily adherence assessment messages) via an
interactive voice response (IVR) call. Although users enjoyed
receiving adherence feedback, most said the IVR call was a
nuisance [67]. They were also less likely to answer calls than
respond to text messages [35]. Therefore, REACH delivers
adherence feedback via a weekly text message instead of a
weekly IVR call. Feedback reflects participants adherence for
the past week and for the prior week and deliversan encouraging
message tailored to whether adherence improved, declined, or
stayed the same.

Finally, MED users wanted to change the times they received
text messages, so REACH allowsfor flexibility in text message
timing. Users determine a preferred window of time to receive
self-care promoting text messages and indicate their bedtime
for receiving adherence assessment text messages. Participants
are able to adjust message timing throughout the intervention
by contacting the REACH Helpline (described below).
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Table 1. Information, Motivation, and Behaviora skills (IMB) barriers to medication adherence for patients with type 2 diabetes mellitus identified
through aliterature review.

Identified barriers to diabetes medication adherence Sample No. of text messages
addressing barrier

Information

Not understanding what medication is for AA2 and NHWP [48] 20

Not understanding why medication regimens change NHW [49] 22

Not taking medication when feeling well AA [50,51] 16

Seeing no immediate benefit from taking medication Racialy Diverse [52] 16

Believing generic medication is not as good as proprietary drugs AA and NHW [53] 16

Believing medication is not important AA [50] 14

Believing it is acceptable to skip doses or stop medication Racialy Diverse [54] 16

Believing that regularly taking medication will not help control blood Racially Diverse [52,55] 15

glucose levels or prevent complications

Per sonal motivation

Believing medication is harmful AA and NHW [53] 23
Taking medication is unpleasant AA and NHW [48] 17
Fear of side effects AA and NHW [48] 20
Worried about consequences of long-term use Racialy Diverse [55] 19
Worried about medication causing weight gain Racially Diverse [56] 15
Believing that consequences of diabetes are predetermined and therefore  Racially Diverse [57] 15
inevitable

Burnout (ie, tired of taking medication) Racialy Diverse [55,56] 15
Fear of side effects related to insulin injection® Racially Diverse [58] 21

Social motivation

Not being supported by family or friends to take medications AA [59], 16
Racialy Diverse [60,61]

Help with adherence from family or friends leads to conflict. Racialy Diverse [60] 16

Family or friends give annoying reminders to take medication Racialy Diverse [62] 17

Feeling judged by others because you take medication Racialy Diverse [63,64] 16

Close others are disapproving of or do not value taking medications  Racially Diverse [58] 14

Feeling embarrassed when taking medication Racialy Diverse [58] 22

Family priorities make it difficult to take medication regularly AA [65], 18
Racialy Diverse[32,55]

Family or friends give inaccurate information about medication AA [65], 20
Racialy Diverse [62]

Feeling judged by others because you take insulin® Racially Diverse [63] 22

Embarrassed to take insulin in public® Racially Diverse [58] 13

Behavioral skills

Regimen is too complex NHW [49], Racially Diverse [56], AA and 17
NHW [48]

Taking medication disrupts routine/life Racialy Diverse[55,57] 15

Hard to read medication |abels Racially Diverse [31] 17

Difficulty asking provider about medication-related problems AA and NHW [48] 18

Forgetting to take doses AA[50,66], Raciadly Diverse[31,52,54,55,57], 14

NHW [49], AA and NHW [48]
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Identified barriers to diabetes medication adherence

Sample No. of text messages

addressing barrier

Cost of medication

Forgetting to get refills.

Difficulty getting refills (eg, transportation, finding a pharmacy that
carries prescription and/or offers affordable options)

Not taking insulin because it interferes with daily activities®

Not knowing how to manage pain when injecting insulin®

AA [50], NHW [49], Recially Diverse[31,52], 16
AA and NHW [53]

AA [50] 14
Racially Diverse[31,52] 19
Racially Diverse [58] 22
Racialy Diverse [58] 15

8AA: African American.
ONHW: non-Hispanic white.
€Only assessed among participants who were prescribed insulin.

MEMOTEXT tailors, schedules, and sends text messages using
participant data received through an application programming
interface (API). At enrollment, research assistants enter
participants’ survey responses and electronic health record
(EHR) data into REDCap, a secure, Web-based application
designed to support data capture for multisite studies [68,69].
REDCap dataarethentransferredto MEMOTEXT viathe API.
MEMOTEXT tailors the messages addressing medication
adherence barriers by ranking participants' self-reported barrier
scores (see Measures section) and sending messages addressing
each user’s 4 highest-ranked barriers. In instances of atie, the
system randomly selectsamong thetied barriers. MEMOTEXT
also tailors regimen-specific messages based on each user’'s
prescribed diabetes medication taken from the EHR.

We describe each REACH component in Table 2. REACH users
receive 2 daly text messages. (1) a text promoting

self-care—either tailored to user-identified barriers to
medication adherence or nontailored to promote another
self-care behavior—and (2) a text assessing medication
adherencefor that day. Usersal so receive aweekly text message
with medication adherence feedback based on responsesto daily
assessment texts. Furthermore, after users have their hemoglobin
Ay (HbA ;) level tested during study enrollment, they receive
atext message providing directions on how to accesstheir HbA
test result; users can either log on to a Heath Insurance
Portability and Accountability Act (HIPAA)—compliant webpage
hosted by MEMOTEXT or, if they do not have access to
Internet, call the REACH Helpline. Finaly, users have access
to the REACH Helpline for research-, technical-, and
medication-related questions. When users leave avoicemail on
the Helpline, a REACH team member returns their call within
one business day. Figure 2 illustrates the REACH user
experience with exampl e text messages.

Table 2. Rapid Education/Encouragement And Communications for Health intervention components (REACH).

Component Description

Daily text message promot-
ing self-care

Every day, usersreceive atext message promoting self-care at arandom time within their prespecified window of time.

Each week, REACH?® sends 7 of these messages, consisting of 3 tailored messages addressing 1 of their 4 identified

Daily text message assessing
adherence

Weekly text message deliv-
ering adherence feedback

HbA 1° text message

REACH Helpline

barriers to medication adherence, 1 tailored regimen-specific message, and 3 nontail ored messages providing tips for
diet, exercise, or SMBGP (Figure 2).

Every day, usersreceive atext message at their prespecified bedtime asking if they took all of their diabetes medication
that day (requesting a“yes’ or “no” response). Users responses may trigger follow-up messages (Figure 1).

At the end of each week, usersreceive afeedback text message based on the number of “yes’ responsesto the assessment
text message for that week. The feedback is accompanied by an encouraging statement tailored to the number of days
the parti cipant adhered to their medication and whether the participant’s adherence improved, stayed the same, or declined
relative to the prior week (Figure 2).

Participants have their HbA 1 level tested upon study enrollment and receive an HbA 1 text message when their result
isready. The HbA 1 text message provides directions on how to access the result, either by logging on to a

HI PAAd-compIiant webpage hosted by MEMOTEXT or calling the REACH Helpline (Figure 2).

Participants have access to the REACH Helpline, an inbound answering service hosted by MEMOTEXT. Participants
call the Helplineto leave avoicemail regarding aresearch-related question (eg, compensation, changed phone number,
accessing HbA 1 test result), technical question (eg, problems receiving or sending text messages), or medication-rel ated
question (eg, how to handle side effects and/or a missed dose).

3REACH: Rapid Education/Encouragement And Communications for Health.
bSMBG: self-monitori ng of blood glucose.

®HbA 1¢: hemoglobin A ;.

9HIPAA: Health Insurance Portability and Accountability Act.
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Figure 1. Functionality for adherence assessment text message.

Did you take all of your
diabetes meds today, Sun,
09/05? Please reply Y or N.

I couldn’t get to
the pharmacy.

) Your response was not
fl?isreg:’iuzu_ssivg:y: understood. Please
T y 7 8 M
3=clinic told me to, W mIR L o
4=ran out of meds, or
type out a reason.
1 Please tell us why:

1=forgot, 2=sick,
3=clinic told me to,

4=ran out of meds, or
type out a reason.

Figure 2. Rapid Education/Encouragement And Communications for Health (REACH) experience for ahypothetical user. Each medication adherence
(blue circle) text message (3 per week) addresses one of the user’s top 4 barriers to medication adherence. IMB: information-Motivation-Behavioral
skills; SMBG: self-monitoring of blood glucose; Alc: hemoglobin Alc.

User Information:
Name: Sarah; Prescribed diabetes medication: metformin; Four highest ranked IMB model-based barriers: Believing meds are not
important (Information), Believing meds are harmful (Personal motivation), Feeling embarrassed when taking meds (Social
motivation), Forgetting to take meds (Behavioral skills); Preferred time window to receive daily text promoting self-care: 7:00am-
8:00pm; Bedtime for receiving daily text assessing adherence: 9:30pm
Overview of REACH text messages with example content
Individual
E Tailoring
Type of Text Message % o | B |9 Message Content
£ E| £ g%
= £/
138 |F
Hello, Sarah. It’s your first day in the REACH program! You will get texts
Welcome text Once X with tips and support for your diabetes starting today! Welcome to REACH.
Daily text promoting self-care:
cither Tadlored confent: Taki diabetes medicine will help you stay healthy for all the thi
. aking your diabetes medicine will help you stay healthy for all the things
@ Medication 3week XX that are important to you in life.
adherence
0 Medication Uweek X | Take metformin (Glucophage) immediate release with food
regimen-specific wee X ake metformin (Glucophage) immediate release with food.
or Non-tailored content: It can be hard to add exercise time to your already busy schedule. Try settin;
y g
_3!. Exercise 1/week X | small goals and build on your success.
. Try to bake, broil or grill your foods. Use small portions of good oils like
6 Diet Vweek X canola or olive oil instead of other fats.
Testing your blood sugar at different times can give you an idea of the
‘ . Vweek X different things that affect your glucose levels.
5 Daily text 1 Did you take all of your diabetes meds today, Sun, 01/22?
? . /day X
assessing adherence Please reply Y or N.
Weekly text You took your diabetes meds 5 days last week. Terrific progress! Try to take
A\ Weelly lweek X | X
providing feedback your meds every day next week!
A Hello, your Alc test result is ready and can be viewed online at
* Alc text Alc f;st X | www.reachalc.com using this code: [generated by MEMOTEXT]. Or you
can call [REACH Helpline number] to get your results.

Two-week REACH User Experience

Sun (1/18) [ Mon (1/19) | Tues (1/20)[Wed (1/21)[Thurs (1/22)| Fri (1/23) | Sat (1/24)
7:00am) @7:30am) © (9am) 0 (tpm) @!(10am)
*

> 2

FF120m) 5:30pm) & om)

9:30pm)| ? ? ? ) 9
Sun (1/25) | Mon (1/26) [ Tues (1/27)[Wed (1/28) [Thurs (1/29)| Fri (1/30) | Sat (1/31)
7:00am| . A\ _R%8:30am) @ (11am)

‘(1:30pm) .(Bpm) U(zpm)

@] (3pm) 6(4:309m)

2

9:30pm|
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Usability Testing

Sample and Recruitment

Using flyers, interest cards, and referrals from clinic staff, we
recruited participants from FQHCs in Nashville, Tennessee.
Eligible participants had a T2DM diagnosis, were currently
prescribed at least one daily diabetes medication, were
responsible for taking their diabetes medication (ie, acaregiver
did not administer medication), had a mobile phone with text
messaging, were at least 18 years of age, could speak and read
English, and provided a socia security number (necessary to
process compensation). Exclusion criteriaincluded an existing
diagnosis of dementia, auditory limitations, an inability to
communicate orally, and an inability to receive, read, or send
atext message as determined by trained research assistants.

Data and Procedures

The Vanderbilt University Institutional Review Board approved
all study procedures before enrollment. Research assistants met
with interested patients to describe the study and verify
eigibility. In a private room at the patient’s clinic, research
assistants administered a brief cognitive screening instrument
[70] and sent a test text message to each patient to assess
whether he or she could see, read, and successfully respond to
the message. If apatient passed this screener, research assistants
obtained informed consent before verbally administering survey
measures. A clinic phlebotomist performed a blood-drawn
HDbA ;. test. Research assistants accessed participants’' EHRsto
confirm a T2DM diagnosis, collect the type and quantity of
prescribed diabetes medication, and the study HbA ;. test result.

During each testing round, participants experienced REACH
for 2 weeks and then completed a semistructured phone
interview that qualitatively assessed their user experience.
Following each round, research assistants collected user
feedback, the REACH team resolved content- and
research-related issues, and MEMOTEXT resolved technical
issues before the next round. Participantsreceived up to US $54
for completing the enrollment survey (US $20), replying to
assessment messages (US $1/day), and completing the phone
interview (US $20).

Measures

Sample Characteristics

We collected self-reported age, sex, race, ethnicity, income,
education (ie, years in school), insulin status, and diabetes
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duration (ie, years since a diabetes diagnosis). We also asked
about comfort with mobile phones and text messaging and used
validated survey instrumentsto capture additional information.

Barriersto Medication Adherence

Respondents rated how much each barrier in Table 1 (written
as statements, eg, “I’m not sure what my diabetes medicineis
supposed to do”) gets in the way of taking their diabetes
medication from 1="not at all” to 10="alot.” Each item maps
onto asingle IMB model—based barrier.

REACH Engagement

We measured engagement with system-collected responses to
daily adherence assessment texts, the frequency of REACH
Helplinecalls, and the frequency of accessing HbA ;. test results
via the website. We calculated engagement with assessment
text messages by dividing each participant's number of
responses by the total number of messages sent to him or her.
MEMOTEXT tracked Helpline calls and HbA ;. website use.

User Feedback

Likert-typeitems assessed ease of understanding and hel pfulness
of the REACH intervention elements. Open-ended items
assessed what usersdid and/or did not like, asked how and why
an element was or was not helpful, and elicited suggestions for
improving the REACH user experience. Table 3 presentsitems
used to dlicit user feedback.

Analyses

We cal culated descriptive statistics with SPSS Statistics version
23 (IBM Corp). Interviewswere audio-recorded and transcribed
verbatim by an external transcription service. Questions and
responses were pasted into REDCap under each interview
question, organized by testing round, and then exported to Excel.
We undertook a pragmatic approach to analyze participant
feedback quickly between rounds to support changes to the
intervention in atimely fashion. Between rounds, a member of
theresearch team (LAN) read interview transcriptsto manually
categorize participants feedback by intervention component.
We then looked across participants comments for each
intervention component to identify areas for improvement and
to ascertain the overall tone and message of the users' feedback
for each component.
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Table 3. User feedback interview items by intervention element.
Element Item format Item content Mean (SD)
Daily self-care text Likert scale On ascaefrom 1-10, where 1 is not easy and 10 is 1 very easy, how easy wasit for 9.6 (0.7)
message you to understand the messages that gave tips?
On ascaefrom 1-10, where 1 is not helpful and 10 is very helpful, how helpful were 9.3 (1.4)
those messages to you?
Open-ended  Can you tell me why you chose that number? (Follow-up to question above.) N/A2
Tell me about some of the messages you received that were very helpful. Why were N/A
those messages helpful ?
Tell me about some messages that did not help you or did not apply to you. Why did ~ N/A
the messages not help or apply to you?
Daily assessment text  Likert scale On scale from 1-10, where 1 is not helpful and 10 is very helpful, how helpful were 9.1(21)
message those messages to you?
Open-ended  Can you tell me why you chose that number? (Follow-up to question above.) N/A
Isthere anything else you can tell me about your experience with the text messagesthat  N/A
asked if you took your meds?
Weekly adherence Likertscale ~ Onascaefrom 1to 10, where Lisnot at al 1 and 10 is very much, how much did the 8.5 (2.7)
feedback text message messages at the end of the week help you take care of your diabetes?
Open-ended  Can you tell me why you chose that number? (Follow-up to question above.) N/A
Isthere anything else you can tell me about your experience with the text messagesthat  N/A
asked if you took your meds?
Hemoglobin A;c text  Open-ended  \hy did you/did you not accessyour A1c? result using information in thetext message? N/A
message
What are your thoughts about receiving your Alc test result online or by calling our N/A
research team?
REACHC helpline Open-ended ~ Why did you/did you not use the Helpline? N/A

3N/A: not applicable.
bA1c: hemoglobin A .

®REACH: Rapid Education/Encouragement And Communications for Health.

Results

Participant characteristics

Anaverage of 12 participants experienced REACH each testing
round, totaling 36 participants (Table 4). The average age of
the participants was 52.4 (SD 9.5) years, 63% (22/35) were a
racial or ethnic minority, 39% (14/36) had less than a high
school degree or equivalent, and 67% (22/33) had an income
less than US $35,000. The average HbA ;. level was 8.2% (SD

2.2%); 64% (23/36) of the participants had suboptimal glycemic
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control (HbA;=27.0%). Across rounds, the most frequently
reported barriers to medication adherence were forgetting to
take doses (56%, 20/36 users reported this barrier with an
average score of 5.2, SD 3.0, of 10), the high cost of medication
(44%, 16/36 users, mean score 6.2, SD 2.7, of 10), and believing
that taking medication is unpleasant (42%, 15/36 users; mean
score 5.2, SD 2.6, of 10). The most commonly reported
insulin-specific barrier was feeling embarrassed to take insulin
in public (35%, 6/17 users who were prescribed insulin; mean
score 4.5, SD 2.4, of 10).
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Table 4. Participant characteristics.
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Characteristics Total Iterative testing round
(N=36)
1 (n=10) 2 (n=13) 3(n=13)

Agein years, mean (SD) 52.4 (9.5) 51.6 (9.1) 52.4 (11.7) 52.8 (7.8)
Sex, n (%)

Male 16 (44.4) 6 (60.0) 4(30.8) 6(46.2)

Female 20 (55.6) 4 (40.0) 9(69.2) 7 (53.8)
Race?, n (%)

White 13 (37.1) 3(30.0) 5(38.5) 5(41.7)
Nonwhite? 22 (62.8) 7(70.0) 8 (61.5) 7(58.3)
Education, years, mean (SD) 13.7(2.5) 14.0(3.0) 13.8(2.3) 13.3(2.4)

Annual household income ©, US$, n (%)

<10,000 7(21.2) 1(12.5) 4(30.8) 2(16.7)

10,000-34,999 15 (45.4) 3(37.5) 6 (46.2) 6 (50.0)

>35,000 11(33.3) 4(50.0) 3(23.0) 4(33.3)
Comfortable with using mobile phone, n (%) 36 (100.0) 10 (100.0) 13 (100.0) 13 (100.0)
Text message with mobile phone, n (%) 36 (100.0) 10 (100.0) 13 (200.0) 13 (200.0)
Diabetes duration, years, mean (SD) 7.3(6.0) 7.4 (6.5) 9.4 (6.4) 5.0 (4.5)
Number of prescribed diabetes medications, mean 1.7 (0.8) 1.9(0.7) 1.8(1.0) 1.4(0.8)
(SD)

Insulin status, taking insulin, n (%) 17 (47.2) 4 (40.0) 7 (53.8) 6 (46.2)
Health literacy (BHLSY), mean (SD) 114 (2.7) 10.9 (3.1) 116 (2.2) 116 (2.9)
Limited (<9), n (%) 10 (27.8) 3(30) 3(23.) 4(30.8)
Adequate (>9), n (%) 26 (72.2) 7(70) 10 (76.9) 9(69.2)
Medication adherence (ARMS-D®), mean (SD) 254 (2.9) 25.2(2.6) 255(2.0) 25.4(4.0)
General diet (SDSCA), mean (SD) 38(1.9) 4.4(2.0) 3.8(14) 3.4(23)
Specific diet (SDSCA), mean (SD) 3.6(1.4) 3.7(1.9) 3.5(1.0) 3.7(14)
Exercise (SDSCA), mean (SD) 26(25) 4.4 (2.3 2229 1.7(2.1)
SMBGY (SDSCA), mean (SD) 30(2.8) 34(2.9) 3.3(2.6) 2.4(2.9)
Glycemic control (HbA 1", %), mean (SD) 82(22 9.3(28) 81(1.9) 7.5(1.9)

@0ne participant did not report race.

BNonwhite participants were majority (77.3% (17/22)) African American.
CA total of 3 participants did not report annual household income.
9BHLS: Brief Health Literacy Screen.

EARMS-D: Adherence to Refills and Medications Scale for Diabetes (possible range 7-28).
fSDsca: Summary of Diabetes Self-Care Activities (number of days with medication adherence in the past week).

9SMBG: self-monitoring of blood glucose.
PHbA 1¢c: hemoglobin A 4.

All 36 participants completed an exit interview. Overal,
participants ssid REACH was helpful and gave favorable
feedback on each intervention element. Participants reported
preferences and technical issues requiring iterative
improvements between testing rounds. Below, we describethis
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feedback, our iterative changes by intervention element,
followed by changes in our research processes.

Daily Text M essage Promoting Self-Care

Acrossrounds, participants rated the ease of understanding and
helpfulness of the daily self-care text message, on average, 9.6
(SD 0.7) and 9.3 (SD 1.4) on a scale of 1-10, respectively.
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Participants appreciated that these messages were simple and
without medical jargon. Participants said inspirational messages
made them feel supported and not alone in living with diabetes
and motivated them to take more initiative with self-care.
Messages with self-care tips and information were helpful
becausethey either provided auseful reminder or communicated
something new.

Interviewer: Why did you read those messages? What made you
want to?

Participant: They was [sic] helpful. Some things | didn't know
[sic]. They helped me understand a lot of stuff because | didn't
understand. [ 37-year-old, African American male]

Many participants valued reminders to care for their diabetes
when they otherwise might not think about it:

| thought these messages were very helpful. | get so busy in the
day that | don't [even] take time to eat. And then when | get a
text, [1 realize] oh, wow, | need to do something. That really
helpsalot. | wish | had somebody who did that for me all the
time. [ 59-year-old, white male]

Despitethe overall positive feedback about self-care messages,
some participants had concerns. For example, a round 2
participant said a message provided a suggestion for
remembering to take medications, without providing the steps
for carrying out the suggestion. A few participants said some
messages implied a problem when they did not have one (eg,
“Struggling to take your diabetes medications every day? Talk
to aloved one about what is getting in your way.”). To address
such concerns, werevised al problematic text messages between
rounds 2 and 3 to provide additional context and be less
presumptuous (see Table 5 for examples of problematic and
revised text messages).

Daily Text Message Assessing Adherence

Across rounds, participants responded to 96% of adherence
assessment text messages and, on average, rated the hel pfulness
of these messages 9.1 (SD 2.1) out of 10. Assessment messages
helped remind participants to take their medications and
maintain their routine. One participant commented on these
messages emotional and social support:

[The texts] keep you on task about what you should
do...especially if someone doesn't have anybody around. You
know it's kind of like having a family member around to remind
you, “ Hey, you should take your meds” These[texts] make you
feel like someone cares or is concerned about your health and
makes sure you're taking care of yourself. So | think that's very
helpful. [48-year-old, African American mal€]

Severa participantswith optimal glycemic control (HbA ,; <7%)
said these messages were not particularly helpful because they
routinely took their medication and rarely missed doses.
Nonetheless, these participants endorsed the value of these
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messages for others recently diagnosed with diabetes and/or
newly prescribed medication who do not have an established
routine.

Round 1 participants complained about needing to respond to
assessment messages several times before the system would
accept their response. Upon viewing system-collected data, we
learned that participants used different variations of “Yes’ to
respond (eg, “Yup” or “Yeah"). Therefore, we expanded the
acceptable response options representing “Yes’ and “No”
between rounds (see Table 5).

Weekly Text M essage Providing Feedback

Across rounds, participants rated the hel pfulness of the weekly
feedback messages, on average, 8.5 (SD 2.7) out of 10. Round
1 participants had two concerns with the weekly adherence
feedback text message. First, many participants felt these
messages were wordy and confusing. Because the message
provided numerical information about the number of days a
participant took his or her medication in both the past and the
prior week, the content was difficult to read and interpret. We
simplified feedback messages by including only the number of
adherent days from the past week, but we indicated whether
adherence had improved, stayed the same, or declined with an
encouraging statement (Table 5).

Second, some round 1 participants complained their feedback
underreported their adherence. This was due, in part, to the
limited number of accepted responsesto the assessment message
(described above). However, we also learned the system was
not counting responses received after midnight on the day it
sent this message, so we extended the response time window
(Table 5). In round 1, participants rated the helpfulness of
feedback messages 8.2 (SD 3.0) out of 10. After revising
feedback text messages and resolving functionality issues,
participantsin subsequent rounds rated the hel pfulness of these
messages 8.8 (SD 2.2) out of 10.

Hemoglobin Alc Text Message

Across rounds, very few participants accessed their HbA ;. test
result. One participant logged into the HbA ;. website and 2
participants called the REACH Helpline to get the result over
the phone. Participants most common reason for not using
either option was that they learned their HbA ;. test result from
their clinic before receiving the HbA . text message. When
asked their opinion about accessing their result with the HbA
text message, some participants appreciated this convenience,
whereas others preferred their health care provider contact them
with the result. On the basis of this feedback and the feedback
from providers who preferred delivering and individually
interpreting HbA ;. test results, we reduced our interpretation
of the HbA ;. test result on the website (Table 5) and over the
phone.
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Table 5. Changes made to the Rapid Education/Encouragement And Communications for Health intervention during usability testing (REACH).

Type of change

Example or description

Content

Revising daily text messages
promoting self-care

Revising weekly adherence
feedback text messages

Revising HbA ;2 test resuilt inter-
pretation provided on HbA 1
webpage and over phone

Functional

Expanding acceptabl e responses
for assessment text message

Extending window for assess-
ment text message responses

Resear ch processes

Creating a two-stage process for
barrier assessment

Modifying instructions provided
during enrollment process

Rounds 1 and 2:

“ Sometimes you can see stress coming. When this happens, make a plan for how to keep up your diabetes med
routine during the storm.”

“Ask any pharmacist for help coming up with adaily plan. Together, you may be able to group your meds into
afew set times each day.”

Round 3:

“1f you look at your calendar and can see a busy, stressful week ahead, make a plan now for how to keep up with
your med routine during the chaos.”

“If you're struggling to come up with adaily plan for your meds, ask your pharmacist for help. He or she can
help you group them into afew set times each day.”

Round 1: “Congrats! You took all of your diabetes meds on 3 day(s) last week, which is better than 2 day(s) the
prior week. Keep up the good work!”

Rounds 2 and 3: “You took your diabetes meds 3 days last week. You're making progress, but keep working to
take your meds every day!”

Round 1:

6%-7%: Thisiswithin the normal range for a person with diabetes. Great job. Keep up the good work!

7.1%-8.9%: Thisisalittle above the goal range. It is often recommended patients be as close to 7 as their nurse
or doctor recommends. You may want to discuss this with someone at your next clinic appointment.

9% and above: This number is above where we want our patients to typically be. You may want to discuss this
with someone at your next clinic appointment.

Rounds 2 and 3:

7% or lower: at goal

7.1% to 8.9%: high

9% or higher: very high

If you have any questions, please contact your doctor.

Round 1 response options: “Y,” “Yes” “N,” “No.”

ROUndS 2 and 3 r%on% Options. “ Y%,” “ Y’" “ Y%’n “ Y%h," “ Ya,'” “" len “Yup’” “" No’n “ N," “" NOpe,” [ Na,"
and if any of these responses are included at the beginning of aresponse (eg, “yes, ma am”; “no, ma am”).

Round 1: system would only accept responses to assessment messages sent by midnight of the night an assessment
message was received.

Rounds 2 and 3: system accepts responses to assessment messages until amessage promoting self-careisreceived
the following day.

Round 1: participants rated how much each barrier got in the way of taking their diabetes medication on a scale
from1="not at al” to 10 =“alot.”

Rounds 2 and 3: First, participants sort cards with each barrier printed on them into piles labeled “Never” or
“Sometimes” based on whether the barrier applies to them. Next, participants rate the degree to which each bar-
rier placed in the “ Sometimes” pile appliesto them from 1 =*“alittle” to 10 ="alot.”

Round 1: Many participants were unaware that they could change the timing of their messages and that text
messages were automated.

Rounds 2 and 3: Research assistants provided explicit instruction during enrollment process of the flexibility in
message timing and how to change timing at any point. Additionally, we included language in the informed
consent document that indicated a computer system was sending text messages and responses were not being
monitored.

8HbA 1 hemoglobin A ;.

REACH Hélpline

Helpline, most said they simply did not need it but thought they
might use it if the program lasted longer.

We received 22 voice mails on the REACH Helpline (12

research-related, 8 technical-related, and 2 medication-related  R€Sarch Processes

voice mails) from 11 participants (8 of whom called morethan  On the basis of participant feedback and lessons learned by
once). When we asked the other 25 participants about the research staff, we made several changesto our research process.
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One changeinvolved modifying how we admini stered the barrier
assessment. Initially, research assistants asked participants to
rate how much each of the barrier items getsin theway of taking
their medication by reading each item aloud sequentially and
asking for arating. After round 1, research assistants reported
some participants became disinterested/disengaged when
compl eting this assessment and 20% reported no barriers despite
having suboptimal HbA ;. levels. Therefore, after round 1, we
changed the barrier assessment to atwo-stage process. Thefirst
stageisacard-sorting task in which participants sort cardswith
barrier statements printed on them (see Measures section) into
pileslabeled “ Sometimes” or “Never” based on whether or not
the barrier applies to them. Next, research assistants ask
participants to rate the degree to which each barrier placed in
the" Sometimes’ pile appliesto them from 1="alittle’ to 10="a
lot.” Beforethe two-stage process, round 1 participants reported
atotal of 62 barriers. After implementing the two-stage process,
round 2 and round 3 participants reported 87 and 92 barriers,
respectively. According to research assistants, participants in
rounds 2 and 3 were more engaged during the barrier assessment
process than participantsin round 1.

We a so modified the instructions provided during enrollment.
Round 1 participants did not know they could change thetiming
of their text messages, so, in subsequent rounds, we clarified
that participants could call the REACH Helpline at any point
to request a time change. Also, during round 1, many
participants sent unprompted responses (eg, “ Thanks’ or “OK,
I will”) to the text messages promoting self-care, suggesting
they thought a person sent these messages. Therefore, werevised
our informed consent to make clear that acomputer was sending
text messages and not a person. For additional safeguarding,
MEMOTEXT monitorsall text message responses and notifies
the REACH team if any text message requires follow-up.

Discussion

Principal Findings

Text messaging interventions provide an opportune platform
for extending the delivery of tailored diabetes education and
support; however, few have been designed for and tested among
disadvantaged persons with T2DM [27,28]. We developed
REACH—a tailored text messaging intervention designed to
overcome user-specific medication adherence barriers and
support other self-care behaviors—and tested its usability among
patients with T2DM who were representative of the population
REACH is designed for (ie, racialy diverse, low SES, more
than 25% limited health literacy). Participants who experienced
REACH for 2 weeks had favorable opinions and responded
frequently to daily text messages. We learned participants
concerng/preferences, technical issues, and problems with our
research processthat we then fixed between each testing round,
improving REACH in preparation for an evaluative trial.

Overall, participants were satisfied with REACH and provided
favorable ratings for each of its elements. Text messages
provided emotional/social support, reminded participants to
engage in self-care activities, and helped them keep their
self-care routine on track. In asimilar 4-week study, Dick et al
[71] assessed the usability of a text messaging program
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(SMS-DMCare) for improving T2DM self-care among African
Americans. Participants provided ratings comparableto REACH
regarding SMS-DMCare's ease of use and provided similar
interview feedback (eg, messages were helpful by reminding
participants to take medication amid the demands of their daily
lives) [71]. REACH's text message engagement was higher
than SMS-DMCare's engagement [71], which may be due to
REACH’s tailored content and/or personalized adherence
feedback.

Usahility studies often rely on survey- or questionnaire-based
feedback [72], which may overlook much of what participants
like or do not like about a system and how to improve it.
Georgsson and Staggers|[ 73] endorse using multiple data sources
to identify and address usability issues. We collected both
guantitative and qualitative feedback and system-collected data
to fully understand users’ experience, improve our programmeatic
content and functionality, and resolve technical problems.
REACH users who were adults from racialy diverse and
low-SES groups expressed concerns with the phrasing and
wordiness of some messages, so we improved them.
Furthermore, unanticipated feedback from research assistants
and clinic staff wasinstrumental in refining our research process.

Through this multiple data source approach to usability testing,
we made several improvements to REACH and enriched the
user experience. We revised text messages to be more
comprehensive, clear, and consistent with participants
preferences. We limited our interpretation of HbA . test results
to be more respectful of provider-patient relationships. We also
improved REACH'’s functionality to ensure the system
recognizes and records participants’ attempts to interact with
the intervention. Finally, we improved our assessment for
capturing participants' adherence barriers and modified our
informed consent to ensure participants know how to use each
intervention component and that acomputer, not a person, sends
all text messages.

There are several limitations to this study. First, participants
experienced REACH for 2 weeks. Therefore, feedback and
engagement may not be representative of participants
experiencing REACH for longer periods. Furthermore, we
compensated participants US $54 for their participation in the
2-week usahility testing and feedback interview. By providing
thisincentive, we sought to adequately compensate participants
for time and travel to the enrollment appointment and to offset
mobile phone costs associ ated with text messages and the phone
interview. This compensation may have inflated engagement
with the intervention, but it was important for usability testing
that participants actually use the intervention to be able to
provide meaningful feedback. Despite this compensation, few
participants accessed the REACH Helpline and HbA ;. website,
making it difficult to gain insight on how participantsfelt about
these elements and their functionality. Furthermore, participants
may have been reluctant to provide critical feedback owing to
study compensation, social desirability, or associating the study
with their clinic. Additionally, because we were interested in
specific questions concerning each intervention element, we
composed our own feedback interview items and do not have
validity and reliability information to report. Finally, although
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our sample size far exceeded the targeted enrollment for
qualitative (at least 5) and quantitative (at least 20) usability
testing [74,75], our sample was gtill too small to examine
differencesin opinions by participant characteristics.

Conclusions

Usahility testing isimperative for ensuring that effectsidentified
during efficacy trialsare dueto theintervention asintended and
not dueto errorsin understanding or using theintervention [72].
Moreover, involving disadvantaged adults in usability testing
may reveal preferences and concerns unique to this population.
Iterative usability testing of the REACH intervention using
multiple data sources revealed shortcomings in content,
functionality, and research processes that we addressed before
evaluating its effects on adherence and glycemic control in a
randomized controlled trial. The REACH randomized controlled
trial will assess the intervention’s effectiveness by recruiting
patientsfrom FQHCs and comparing outcomes between patients
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Abstract

Background: Many cultural and linguistic Deaf peoplein South Africaface disparity when accessing health information because
of socia and language barriers. The number of certified South African Sign Language interpreters (SASLIS) is also insufficient
to meet the demand of the Deaf population in the country. Our research team, in collaboration with the Deaf communitiesin Cape
Town, devised amobile health app called SignSupport to bridge the communication gapsin health care contexts. We consequently
plan to extend our work with aHealth Knowledge Transfer System (HKTS) to provide Deaf people with accessible, understandabl e,
and accurate health information. We conducted an explorative study to prepare the groundwork for the design and development
of the system.

Objectives: To investigate the current modes of health information distributed to Deaf people in Cape Town, identify the health
information sources Deaf people prefer and their reasons, and define effective techniquesfor delivering understandable information
to generate the groundwork for the mobile health app devel opment with and for Deaf people.

Methods: A qualitative methodology using semistructured interviews with sensitizing tools was used in a community-based
codesign setting. A total of 23 Deaf people and 10 health professionals participated in this study. Inductive and deductive coding
was used for the analysis.

Results: Deaf people currently have access to 4 modes of health information distribution through: Deaf and other relevant
organizations, hearing health professionals, personal interactions, and the mass media. Their preferred and accessible sources are
those delivering information in signed language and with communication techniques that match Deaf people’s communication
needs. Accessible and accurate health information can be delivered to Deaf people by 3 effective techniques: using signed language
including its dialects, through health drama with its combined techniques, and accompanying the information with pictures in
combination with simple text descriptions.

Conclusions: We can apply the knowledge gained from this exploration to build the groundwork of the mobile health information
system. We see an opportunity to design an HKTS to assist the information delivery during the patient-health professional
interactions in primary health care settings. Deaf people want to understand the information relevant to their diagnosed disease
and its self-management. The 3 identified effective techniques will be applied to deliver health information through the mobile
health app.

(IMIR Hum Factors 2016;3(2):€28) doi:10.2196/humanfactors.6653
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Introduction

Background

Deaf spelled with a capital “D” denotes membership of a
cultural, linguistic minority group who choose signed language
as their preferred language. This is as opposed to deaf with a
small “d” that denotes someone with ahearing loss. Deaf people
who mainly use signed language for communication experience
disparity in information access in the mgjority hearing society
[1]. Particularly in South Africa, Deaf individuals express the
need to access understandable hedth information and
communication to improve their well-being [2,3]. We have
received similar messages from all the Deaf communities with
whom we have been collaborating. Consequently, we took the
initiative to design and develop a mobile health app called
SignSupport and now wish to extend it with aHealth Knowledge
Transfer System (HKTS) [2,4]. This mobile app can support
Deaf people’s communication at heath facilities and can
improve understanding of the diagnosed disease including
self-management. Via a process of cocreation with Deaf
communities and health professionals in Cape Town, we have
gained an understanding to build the groundwork for the
proposed HKTS. The app is meant to provide equitable
information access as well as bridge communication gaps that
are manifested by social barriers. An extended literature review
led usto anumber of socia barriersthat many Deaf people have
faced since childhood.

Social Barriersto Deaf People’'s Accessto Health
I nformation

The Lack of Sign Language Within the Education of
Deaf Learners

Signed languages cannot be translated word-for-word due to
their structure distinct from spoken languages [5,6]. Driven by
communication difficulties, social barriers are intrinsically
formed. A standardized South African Sign Language (SASL)
curriculum was not approved for teaching at schools for Deaf
learners until 2012 [7]. As aresult, many Deaf children in the
past learned signed language from their peers[8]; whichishow
dialects developed and were passed through the generations
across different regions of South Africa. Only 14% of their
educators at schools for Deaf learners could use sign fluently
which left many subjects untaught in SASL [9,10]. These
educational barriershave resulted in average reading and writing
skills of a Grade-4 level equivalent among Deaf school leavers
[11]. Consequently, 75% of South African Deaf adults are
functionally illiterate, and 70% of the Deaf population remains
unemployed [12].

Disconnection From Hearing Family Members

Ninety percent of Deaf children are born to hearing families
where many parents do not use signed language [13]. A Deaf
child’s incidental learning of health information within the
household usually fails due to language barriers. Health
information, such asrisks and dangers, from direct instructions

http://humanfactors.jmir.org/2016/2/e28/

by the parents or from “overhearing” conversations among
family members cannot be understood by the Deaf child.
Missing thiskind of learning may have animpact on the physical
and menta health, including the academic achievement of the
Deaf person [14].

Noninclusive Health | nformation Through the Mass
Media

Deaf people have very limited access to understandable health
information available through the mass media, for example,
newspapers, television, and the Internet. The majority of Deaf
adults cannot understand jargon and technical terminology [15].
To alarge extent, health information in the mass mediais not
presented in SASL, although someinterpreting does appear on
the news bulletins of South African TV channels. In addition,
many Deaf people cannot afford Internet access to explore
information, which is possibly available there in a signed
language.

The Shortage of SASL Interpretersin the Health Care
Context

There are no professional SASL interpreters (SASLISs) readily
available at any health facility. Eighty-four SASLIsare currently
registered at the Deaf Federation of South Africa to officially
serve the Deaf population of around 600,000 [16,17]. The
number of SASLIswho can interpret medical jargon isin even
more critical shortage. In addition, the scarce SASLIs are too
expensive for most Deaf people to hire for each hedth
consultation [18]. The charge is between 250 and 350 South
African Rand per hour excluding Value Added Tax; this may
take up a 28% of the monthly Disability allowance of 1270
ZAR for aDeaf patient [19].

The Necessity of Providing Accessto Health I nformation

Human Rights on Under standable Health | nformation

Everyone has the right to receive information with regard to a
medical condition and in alanguage that she or he understands.
The South African Health Act (61 of 2003) and Convention on
the Rights of Persons with Disabilities 2006 both support the
necessity of providing understandable health information to
Deaf people. The first enforces, “ The health care provider
concerned must, where possible, informthe user in a language
that the user understands and in a manner which takes into
account the user’s level of literacy [20], ” and the latter states,
“ The purpose of the present Convention is to promote, protect
and ensure the full and equal enjoyment of all human rights
and fundamental freedoms by all persons with disabilities, and
to promote respect for their inherent dignity [21].” Therefore,
Deaf people are entitled to have access to health informationin
SASL, their own language, like all other patients.

To Induce Better Health

Many Deaf patients do not adhere to the suggested treatment
or the prescribed medicines due to their limited health literacy
asaconsequence of poor accessto understandable and accurate
information. Some simply dispose of their prescribed
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medications if they do not understand the diagnosis or the
importance of medication intake [3,22]. Others with chronic
diseases purposely missthefollow-up visitsby sending ahearing
family member or afriend to get the repeat medication in order
to avoid the confusing communication and inferior care[22,23].
Medical adherence would improve if the Deaf patients could
understand their diagnosed condition and participate in the
decision-making process for their treatment [24,25].

Therefore, together with our collaborators, we seek the
opportunity to improve Deaf people’'s access to health
information and consequently their health through a mobile
health app, SignSupport together with HKTS.

Background About SignSupport and the HKTS

Weinitialy started along thistrajectory with aDeaf community
in Cape Town. The theme “communication in a health care
context” was prioritized to start the design and development of
the mobile health app, SignSupport [2]. The research team later
narrowed down the scope to focus on the medication dispensing
process. Thisresulted in aSignSupport prototype which prompts
a pharmacist to explain the prescribed medication instructions
to a Deaf patient. The process of the explanation consists of
making selections from provided options and taking photos of
the medicineg(s). The selections made by the pharmacist are
matched with prerecorded SASL videos on the mobile device,
which are then orchestrated as a set of medication instructions

Chininthorn et al

for the patient to view in SASL. From the usability test, Deaf
participants reported their satisfaction with the use of
SignSupport. Deaf participants could understand the medication
instructions: medicine photo, dosage, medication intake time,
recommendations, and warnings [26]. However, some of the
Deaf participants revealed nonadherence to medication
instructions. Thiswas caused by health misconceptions shared
within their community [27]. Thisisthe point wherethe HKTS
was conceived to provide Deaf users with understandable and
accurate information of diseases and appropriate
self-management (Figure 1), to provide more information to
Deaf users beyond SignSupport, bridging the communication
gap between the patient and the pharmacist.

Before writing this paper, the Deaf in Cape Town had confirmed
mobile phones astheir preferred tool for receiving and viewing
health information. Within the same research session, many
participants also suggested using diabetes as a case study for
the design and development of the HKTS [4]. Our journey in
building the groundwork for the HK TS was then given a specific
context in which our mobile health app can be of use and the
suitable techniques for delivering understandable health
information to Deaf people. This paper therefore describes an
exploration of which modes of heath information delivery
should be incorporated by the HKTS, and which effective
presentation techniques can be applied.

Figure 1. Overview of the design and development of SignSupport and Health Knowledge Transfer System (HKTS).

Related Work

Exploring the Information Sources Which People Use
or May Use

Delivering health information at the right place and time can
also increase the potential that the patient can improve their
self-management [28,29]. Other projects that aim to develop
accessible information sources for people with specific needs
investigated on the information sourcesthat people use and may
use in the future. A consortium that was setting up an

http://humanfactors.jmir.org/2016/2/e28/

Context of Deafness and healthcare

Health

information
and treatment Health
knowledge
providers

Health promotion happens.

> patient’s L

information center for the Deaf in Europe collected all the
information sources Deaf people used. They learned the
problemswhich Deaf peoplefaced while using each information
source in order to come up with possible solutions. Special
needsretrieved from Deaf people weretaken into consideration.
Deaf peopl€e’ swishes on the futureinformation center were al'so
included inthe study. All participantsin theinvestigation wished
for apan-Europeinformation system with uniform standard for
Deaf people in Europe [30]. Besides, understanding problems
which the users of the information sources are facing, the trust
issue should be as well investigated. Trust is an important
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component for one to take an action on the received health
information [31,32].

Attemptsto Distribute Health | nformation to Deaf People

There are a limited number of health information sources that
provide health information in sign language. However, there
are some websites that present health information in signed
language, mainly in British Sign Language (BSL) or American
Sign Language (ASL) for educational purposes. Thefollowing
are examples of health information available via the Internet
for Deaf people. Sign Health, developed by the Deaf Health
Charity, supports BSL users with access to a large collection
of videos related to health conditions and diseases. The
information about each disease is signed by a BSL interpreter
(BSL1), but no figures are used to accompany the explanations
[33]. This information portal was originated after the report
“Sick of It"—the report that shows the British Deaf people's
poorer health in comparison with their hearing counterparts
[22]. The British Heart Foundation provides health information
primarily for hearing people and some for Deaf people. The
health information for Deaf people is explained using mixed
techniques. combining motion graphics, narration by a BSLI,
and sometimes subtitles [34]. Deaf Diabetes United Kingdom
isaDeaf-led organization that provides support to Deaf people
with diabetes. Theinformational materialson thiswebsite refer
to the videos from the British Heart Foundation [35]. Deaf
Health was developed to give clear and concise heath
information in ASL to the Deaf and Hard-of-Hearing
community. Theinformation available from thiswebsiteisonly
narrated by ASL interpreters (ASLIs) [36]. Deaf Health by the
University of California, San Diego (UCSD) provides
information especially about different types of cancer. The
information is presented by different combinations of
techniques, for example, animation with simple and short text
or subtitles and voice, and drama in signed language with
subtitles and voice [37]. Noticeably, this accessible health
information is mostly available for Deaf people in the rich
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economies, whereasit can hardly be found in other parts of the
world. Thereisstill no Web-based health information or mobile
health information availablefor SASL users. Assigned language
is nonuniversal, thisis an opportunity to explore the Deafness
and health care context in South Africa for the design and
development of the HKTS.

Methods

Approach

Through a community-based codesign (CBCD) approach, we
involved both Deaf communities and health professionalsin all
phases of the action research (context exploration, planning,
design and development, as well as testing and evaluation) in
order to define suitable solutions toward the provision of
equitable health information access to and for Deaf people
[38,39]. We applied this qualitative research approach during
the context exploration phase to answer the following research
questions (RQs):

RQ1. What are the current modes of health information
distribution available to Deaf people in Cape Town?

RQ2. What are the hedlth information sources which Deaf
people prefer and what are their reasons for this choice?

RQ3. What are the effective techniquesto deliver understandable
health information to Deaf people?

Research Site and Participants

The exploration took place in Cape Town during the period of
January to May, 2014. A total of 23 Deaf participants and 10
health professionals were approached and invited to join
interview sessions (Figure 2). It isimportant to note that these
10 health professional s were chosen because of their experience
serving Deaf patientsthrough their practice. In fact, these health
professionals were specifically recommended by the Deaf
communities with whom we worked.

Figure 2. Participantsin the exploratory study. DPO: Deaf People's Organization.

6 Deaf male adults
2 Deaf families (Each family consists of
— From a Deaf People’s Organization father, mother, and 2 children)

— 23 Deaf participants —
(18 Deaf adults &
5 Children of Deaf
Adults)

Cape Town

Participants in this
exploratory study

L 10 health professionals —
(with experiences in
serving Deaf patients
through their practice)

Procedure

A qualitative approach with adesign-oriented methodol ogy was
applied for this exploratory study [40]. Two separate sets of
semistructured questions were used for the interviews with
groups of Deaf participants as the “information acquirers’ and
all health professional participants asthe“ health professionals.”
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| A Deaf DPO situated in
a Southern suburb, Cape Town

- A Primary Health Care (PHC)
where Deaf people visit

(DPO) situated in a Southern suburb,

6 Deaf female adults
From a Deaf club l: 1 Deaf family (Consists of father, mother,
— in Khayelitsha, Cape Town and 1 child)

— Department of Health Western Cape —— 2 Health policy makers

4 Deaf health workers

4 Hearing health professionals (Consist of
2 doctors, 1 nurse, and 1 clerk)

Sensitizing tools were also used for retrieving extra insight
information from the Deaf participants (Table 1). All Deaf
participants were interviewed in groups. Based on our prior
experience, Deaf participantstend to be more comfortable when
they are among their peers; the discussion of nonprivate issues
also becomes more dynamic. At the beginning of the interview,
the participants agreed to alow each other an equal chance to
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give answers or share stories in response to the questions. The
health professionals were interviewed either in a group or

Table 1. Techniques used for data collection.

Chininthorn et al

individually depending on their availability.

Participants Techniques

Procedure run by a session facilitator

Information acquirers

Malegroup (Participantswere not married
nor had a child who could interpret for
them)

Group interview:

from SASLI®

Female group (Participants were not mar-
ried nor had a child who could interpret
for them)

Sensitizing tools:

Deaf families consisted of Deaf parents
and hearing children (the so-called CO-

DA®)

Health professionals
Health policy makers
Deaf health workers

Group interview:

from SASLI

Hearing health professionals at the PHC?

facility Semistructured questions

Semistructured questions with assistance

- Sticky notes with Deaf participants
mentioned health information sources

- Evaluation map of the accessibility of

the mentioned information sources (5 ar-
eas on the map indicate the degrees of ac-
cessibility, from the highest to the lowest)

Semistructured questions with assistance

Group interview or individual interview:

Step 1a: The research facilitator asked open-ended ques-
tions to explore the current health information sources
that are available to Deaf participants. Then she wrote
down each source that was mentioned on a sticky note.

Step 2a The research facilitator asked the Deaf partici-
pants to share their experiences and techniques used dur-
ing receiving or acquiring health information from the
abovementioned sources.

Step 3a: (Only with the Deaf families groups) The re-
search facilitator asked the participantsto explain if their
hearing CODAsare considered astheir health information
source and if they have any informational influence on
them as parents.

Step 4a The research facilitator showed the evaluation
map and gave the written sticky notesto the participants.
Then she asked the participantsto discuss within the group
the accessibility of each mentioned information source
with referenceto their accessto this source, the techniques
used for information delivery, and the comprehensibility
of theretrieved information. The sticky notes are then
placed in the areas of degrees of accessibility they agree
on, and they reflect on their reasons. At this step, we de-
rived “ the list of the current health information sources’
that Deaf people can access.

Step 5a: The research facilitator asked the participantsto
discuss within the group the information sources they
wish to have available to them. Then they wrote down
each source they wish to have available on a sticky note.
Thisresulted in “ the wished-for sources?”

Step 6a: The research facilitator asked the participantsto
discuss and adjust the positions of al sticky notes (with
the current health information sources and the wished-for
health information sources) on the evaluation map of ac-
cessibility. Then she asked them to reflect on the reasons
for these decisions. From this step, we derived “ the ex-
tended list with the wished-for sources’ added.

Step 1b: The research facilitator asked open-ended ques-
tions to understand the responsibilitiesin terms of health
information distribution to all the patients.

Step 2b: The research facilitator asked the participantsto

share their experiences and the techniques used in deliv-
ering health information to Deaf patients.

8CODA.: child of Deaf adult.
bpHC: primary health care.
CSASLI: South African Sign Language interpreter

Data Analysis

All interviews were recorded on video and audio formats. Both
inductive and deductive coding was applied to the analysis. The
indepth information retrieved from different groups of Deaf
participantswas combined in order to define the modes of health
information distribution to Deaf peopleand their preferred health
information sources. The information retrieved from Desaf
participants and health professional participants was later used
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to verify the health information delivery techniques that were
found to be effective or ineffective.

Ethical Considerations

We received ethics approval from the Health Research Ethic
Committee of Delft University of Technology and from the
Ingtitutional Research Board of the University of the Western
Capefor thisresearch. Theresearch purpose, risks, and benefits
of the design and development of the HKTS, rights of
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participants, and identity protection were communicated to all
participantsin advance of any interview. Certified SASLIs, who
are aso accepted by the participating Deaf communities, assisted
to relay the communication with all Deaf participants. The
informed consent from the Deaf participants was recorded via
raised hands in front of a video camera. We addressed many,
if not all, of the ethical concerns that arise when dealing with
Deaf participants[41].

Results

Current Modes of Health Infor mation Distribution

The exploration shows that under the limitation, Deaf people
approach some sources to get health information from. The
Department of Health (DoH) in the Western Cape sets a health
calendar for national and international health days each year.

Figure 3. The current health information sources available to Deaf people.
Rank

Consultation with a doctor without

Chininthorn et al

The DoH distributes the mandated health information to the
Deaf population through Deaf and other rel evant organizations.
Deaf people aso have the opportunity to receive heath
information from consultations with health professionals or
from the mass media despite the aforementioned limitations. In
addition, they randomly receive information through personal
interactions with their Deaf peers and a few hearing friends or
family members. Figure 3 illustrates 14 information sources,
which the information-acquirers mentioned as being available
to them. The ranking was composed according to the amount
of times each source was mentioned.

The 14 sources were then coded into themes and clustered into
4 modes of health information distribution for answering RQ1.
The detailsincluding feedback from participants on each of the
4 modes are as follows:

South African Sign Language interpreter (SASL)
Lay counseling & workshop provided by

Deaf People’s Organization (DPO)
> Newspaper

Deaf friends

Parents of the Deaf participant

Hearing friends

| Events held by a provincial Deaf institute

Traditional healer

Deaf school in childhood

Pamphlets from hospital

5 Magazine
Internet

TV program without South African
Sign Language interpreter (SASL)

Short Message Service (SMS) and presentation

| from aresearch group

Health Workshops and Counseling Offered by Deaf and
Other Relevant Organizations

Workshops and Lay Counseling Offered by Deaf People’'s
Organizations

In 2014, there were 5 health workers, who are also Deaf, across
Cape Town. All of them were located at one Deaf People's
Organization (DPO). The Deaf health workers were mainly
trained for HIV/AIDS lay counseling [42]. They currently
collaborate with other relevant organizations to promote health
information to Deaf members according to the DoH’s health
cadendar. The headth workers and the auxiliary members
presented information using 2 communication strategies: (1)
private and confidential counseling for individual clients with
HIV/AIDS and (2) workshops and dramasin SASL for amass
signing audience. The lay counseling aims to identify
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HIV/AIDS-infected members for timely assistance in
salf-management and treatment-adherence education. The health
workers performed social and health dramasin SASL for Deaf
members during their monthly gatherings and a so with outreach
programs around the Western Cape to smaller Desf
communities. The dramas cover common and relevant health
misconceptions gathered through their casework. A short
presentation with pictures is subsequently presented to the
audience. The session endswith an open platform for questions
and answers.

Deaf participants like the health dramas because they are in
SASL. As a result, the story and the arguments are easy to
follow:

When thereisdrama, you get to under stand something
you never understood, so it’s very good.
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In addition, afew Deaf participantswished to review the dramas
at their own time and place of convenience due to their limited
budget for traveling from home to the DPO.

The Deaf health workers aso find the combined techniques
effectivein delivering and simplifying health information. They
compose the dramato imitate the daily lives of Deaf people, so
it helps Deaf people let go of common misconceptions. The
short presentation is used to further explain the topic; and
pictures are used to enhance the audience’ sunderstanding during
the presentation. At the end of the session, the open platform
for questions and answers provides opportunities for the
audience to clarify their doubts based on the characters in the
dramawithout revealing their personal problems.

EventsHeld by a Provincial Deaf I nstitute

Theinformation isalso presented to the Deaf audiencein SASL
through the assistance of the certified SASLIs.

Health Education From School

Health education given during one's schooling is considered
by a Deaf participant as the information source that lays down
some fundamental health knowledge for the person.

Health Texting and Presentations From a Research Group
in Cape Town

A text message (Short Message Service, SMS) is written in
simple English, isiXhosa, or Afrikaans, which Deaf people can
understand. Although some participants from our Deaf-female
group mentioned that only a few of them understood the SMS
text messages, they al agreed that it was till better than
receiving nothing. In addition, since 2008, this research group
has been offering the first free-of-charge SASL interpreting to
Deaf outpatients with advance booking prior to a health facility
visit [43].

Consultations With Hearing Health Professionals

Aswith al health professionals, the ones participating in this
study have their own roles to play in their aims and
responsibilities to maintain wellness, prevent illness, and
promote health during face-to-face interaction with all patients.
Group communication forums for chronic diseases, small
support groups for HIV, and health education in the waiting
areas at the health facilities are additional communication
strategiesthat PHC system usesfor optimizing health promotion
to specific groups of patients. Given the situation that most if
not all health professionalsare hearing, and in this case, dealing
with Deaf patients, the health professionals must also address
the need for assistance from SASLIs at health facilities.

All Deaf participants emphasi zed the communication problems
they experienced at the health facilities in the absence of an
SASLI. Deaf patients who had no SASLI as an escort had to
communicate viawriting or lip-reading, which isnot preferred.
This led to confusion and frustration for the patient when one
could not understand his or her diagnosis. Several Deaf
participants admitted that their nodding during the consultation
was to rush the consultation to an end; it did not refer to their
understanding:
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When it comes to writing back and forth with the
doctor, it's difficult to deal with. You will say (nod)
yes, yes, yes to everything. And then when you go
outside, you will ask people what it means because
when you stop them (doctors), they get furious.

Deaf participants from Deaf family groups who sometimes had
an SASLI or a CODA escorted them to a repeat appointment
for achronic disease, in contrary, had better experiences during
the consultations. They understood the test results, the treatment
planning, and medication adjustment:

When the interpreter is there, she will communicate

with thedoctor and then will signto me. | understand

everything perfectly. The same applies when | go to

the pharmacy, when the interpreter isthere, it's easy

to explain how to use medication, and if your blood

pressureishigh or your diabetesishigh. Soit iseasy

when theinterpreter isthere. But when the inter preter

is not there, there can be some misunderstanding on

medication and others things, so | always go with a

sign interpreter when going to a public hospital.
Many health professionals routinely wrote or merely shouted
while communicating with their Deaf patients since they did
not understand Deaf people’s backgrounds and their specific
communication needs. Some hedth professionals who
understand a little SASL would avoid signing asit could cause
miscommuni cations. Drawing may be used to explain the time
for medication intake. A doctor from the interviews
demonstrated his explanation of a disease progression to the
Deaf patient in analogy, whereas another doctor would rather
explain only the important actions that the patient must take to
avoid further confusion. Therefore, a Deaf patient usually does
not receive complete information about the diagnosed disease,
treatment planning and its options, self-management, and
schedules for follow-up appointments. Due to the
communication gaps, the heath professionals could not
check-back their patient's understanding of the explained
subject.

The health policy makers are aware of these communication
problems among Deaf patients and health professionals and the
shortage of SASLIsinthe health care context. They additionally
understand that the support groups provided for hearing patients
are not suitable for Deaf patients. Therefore, they are till
looking for solutions that optimize the use of existing
information and communication technologies to distribute
inclusive health information for all.

Information Shared Through Personal | nteractions

Deaf Friends

Deaf friends who can read become the immediate information
sourceto others. Thesefriends can give simpleadvice, read and
explain medication instructions, or suggest one to a heath
facility with Deaf-friendly staff. On other hand, several health
misconceptions are commonly shared through the close-knit
relationships in the Deaf communities[15].
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Hearing Friends

A participant mentioned partial health information received
from hearing friends; however, another participant additionally
reveal ed a miscommunication received from his hearing friend
about smoking and health. Both participants showed a similar
pattern of language barriers as a problem while communicating
with their hearing friends.

Parents of the Deaf Person

Three participants received some advice from their mothers
concerning their own or their partner's pregnancy. On the
opposite side, none of the Deaf participants considered their
CODAsastheir health information source, although the children
occasionally shared some information with them, for example,
lifestyle modification for better health.

Mass Media

Printed Media

Five participants read the newspaper and found someinteresting
health information although they did not always understand the
terminology used in the articles. One participant who
experienced problems while communicating with a support
group prefers self-study viapamphletswith picturesdistributed
at the hedlth facility . One other participant likes reading
information concerning her chronic disease from her favorite
magazine. These participants construct their understanding from
the wording they understand in combination with the
accompanying pictures, although they could not understand all
the terminology used in the content.

TV Programs

A participant followed her favorite program that presented
health-related information. She used her lip-reading skills in
combination with the visual graphics that appeared on screen
to construct her understanding. She might also ask her CODA
to relay the information.

Internet Browsing

A participant frequently browsed the Internet to acquire further
information about the terminology found el sewhere. However,
most of our Deaf participants do not have accessto the Internet
or adequate computer literacy skills.

Preferences of Deaf People on the Health Information
Sources

The participants were asked to discuss health information
sources that they wish to be available for Deaf people (Table
1: Step 5a). The wished-for sources were added to the list of
current information sources. The participants subsequently
evaluated the extended list of health information sources on
comprehensibility with afocus on language and communication
techniques used. This list contained the preferred health
information sources which comprisesthe answersto RQ2. This
evaluation resulted in a new ranking which reflects the
preferences among Deaf peoplefor accessible health information
sources. By comparing the 2 lists (Figure 4), we noticed that
Deaf participants wished to have SASLIs for most services
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available publicly. Having an SASL | available at health facilities
is the most desired situation in this context because they need
to understand their health conditions at the time of seeing the
health professional. Having the counseling and workshop
provided by the DPO and SASL interpreting on TV for health
information al so increases the opportunities during which Deaf
people can learn to take care of their health.

Techniques of Delivering Health Information

From all the participant’s feedback, 3 effective techniques for
delivering understandable health information to Deaf people
were defined. These are the answers to RQ3. In addition, 2
ineffective techniques are additionally described for
acknowledgment. These techniques are presented in no
particular order.

Effective Techniques

Information Delivery in SASL

The responses from Deaf participants, Deaf health workers,
hearing health professionals, and policy makers confirmed that
delivering health information in SASL is the most important
element for Deaf patients. Efficient methods of delivering
information in different dialects should also be considered.

Health Dramas With Combined Techniques

Complicated subjects or topics can be simplified and made
memorablethrough SASL dramafor aDeaf audience. The Deaf
health workers usually combine this effective technique with a
short presentation and an open platform for questions and
answers. These combined techniques helped Deaf people to
confront the facts and undo the health misconceptions, which
they had held for along time.

Picturesin Combination With Simple Text Descriptions

We learned that pictures in combination with simple text
descriptions can help Deaf patients construct and enhance their
understanding about the information. The descriptions could
be in English or any other written language which the Deaf
patients are familiar with. This finding corresponds to the
findingsthat the scientific principles or processes must be made
visual for Deaf learnersin order to be understood [44]. Aswe
noted in the introduction, many Deaf people are functionally
illiterate with written language, in this case English, Afrikaans,
or isiXhosa However, evidence has shown that even with
limited textual capabilities, Deaf people regardless frequently
use text to communicate with each other via SMS [45] and
undoubtedly now with apps like WhatsApp, Facebook, and
email; and further, Deaf people do wish to learn textual literacy
asevidenced by the long-running English literacy project at the
Deaf Community of Cape Town, the use of the text at tertiary
level at the National Institute of the Deaf, for example, and
others. Having both SASL video and text side-by-sidein an app
could potentially offer benefits in this regard. In addition, it
must be noted that for the sake of the devel opers, having textual
“bread crumbs” in the human computer interface greatly assists
with keeping track of content (although it must be matched up
rigorously with SASL video content) [26].
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Figure 4. Comparison of thelist of the current health information sources and the extended list.

I neffective Techniques

Functional Literacy Requiring Information

Writing isan ineffectual techniqueto deliver health information
to Deaf patients because many Deaf people are less skilled in
reading and writing. Heavy text content with jargon and
complicated terminology will lose their attention. Similar
findingswere made by other studiesrelated to health information
delivery to Deaf peoplein different countries [46-48].

Lip-Reading Skills Requiring I nformation

Lip-reading is not preferred by Deaf people. The accuracy of
English lip-reading is only 30-35% [49]. In addition, no patient
could read the doctors' lips while they are wearing a mask.
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Unfortunately, many health professionals do not realize this
issue because they have limited understanding of Deaf people’'s
communication requirements [2].

Discussion

Principal Findings

From this exploratory study, we found 4 modes of health
information distribution that are currently available for Deaf
people in Cape Town. Based on these modes, we also gained
an understanding of Deaf people’spreferred health information
sources. The Deaf people based their preferences of the
information accessibility on thelanguage and the communication
techniques used by each information source. The effective
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techniquesfor delivering the understandable health information
to the Deaf userswill be applied to the design and devel opment
of the HKTS. Delivering health information in SASL will
significantly provide increased accessibility to Deaf people,
especialy on a low-cost mobile device. The video drama,
combined with other techniques, is seen as a particularly
innovative way to present and simplify health information to a
Deaf audience. The use of picturesin combination with simple
text descriptions can provide opportunitiesfor Deaf people with
low functional literacy to construct an understanding of the
explained subject, recalling that Deaf peoplewith much stronger
sign language literacy yet are still interested to acquire textual
literacy asit is by necessity needed to integrate into the greater
hearing world.

While building the groundwork for the design and devel opment
of the HKTS, we learned that the mobile phoneisthe preferred
communication tool for Deaf people to receive and view the
health information. The Deaf communities also suggested
diabetes care as a subject for the HKTS. From this exploratory
study, we have defined 3 effective techniques for delivering
understandable and accurate health information which Desaf
people need. In addition, we see the opportunity for the HKTS
to assist the health professionals in delivering understandable
information to a Deaf patient, especialy when an SASLI is
absent. Deaf people consider that timely understanding of their
health condition during consultation is very important. We will
focus on the communication between a Deaf patient and health
care staff at PHCs as the problem in delivering health
information prominently occurred in that specific setting. The
next phase of the research will be to cocreate the HK TS among
the Deaf people, health professionals, and the research team.
The content-specific health information within the HKTS will
be determined to meet both parties' requirements. Inputs from
all participants are valuable to help us verify the attributes of
the systems.

Limitations

The Deaf participantswho weinvited from 2 Deaf communities
appear to have connection and access to similar hedlth
information sources. It is possible that Deaf members of other
Deaf communities in Cape Town, who we did not invite to
participate in the focus groups, may have access to different
health information sources. This may aso result in different
preferences on the sources. Their responses that were not
collected may also lead to different effective techniques in
delivering understandable and accurate health information. In
addition, we need to takeinto account the different needsamong
Deaf communities when applying our findings to other Deaf
communities outside Cape Town.

We realize the probabl e but unavoidable (inter)subjectivity and
therefore the bias which influences the analysis of the results
from this purely qualitative study. Of course our results might
not be replicable as they target specific communities with low
sample sizes. However, it is also accepted that qualitative
methods such as ethnographic action research [50] and
community-based codesign [51] can yield results that are
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transferable, for example, from one community to another.
Furthermore, we also designed the responses in this study
redundantly to assist in triangulating toward transferable results:
the participants give their answers (Table 1: Step 1a and 1b),
reflect their reasons (Table 1: Step 2a, 3a, and 2b), and affirm
their answers (Table 1: Step 44, 5a, and 6a). Thisis to extract
the “real” meaning of the answers given by the participants as
valid as possible, and likewise reducing the bias by the
researcher during the dataanalysis. For the purpose of this study
we can accept these limitations, aswetoil inthe action research
space, in our case with various small Deaf communities. In
other words, we aim for transferability over generalizability
[52], and claim that our results and recommendations are as
valid as quantitative methods; only that in our case, qualitative
methods are better able to addressthe chosen research problems

Conclusions

With regard to RQ1 (What are the current modes of health
information distribution available to Deaf people in Cape
Town?), Deaf participants mentioned 14 health information
sources that they can access. The sources can be clustered into
4 modes of health information distributed to Deaf people in
Cape Town, viz, (1) health workshops and counseling offered
by Deaf and other relevant organizations, (2) consultationswith
hearing health professionals, (3) information shared through
persona interactions, and (4) the mass media.

With regard to RQ2 (What are the health information sources
which Deaf people prefer and what are their reasons for this
choice?), Deaf people base their preferences, whether an
information source is accessible, on 2 factors viz, (1) that it
delivers information in signed language; and (2) that it uses
techniques to simplify the topic and to help Deaf people
construct their understanding. These factors make the
consultation with a doctor in the presence of an SASLI, lay
counseling and workshops provided by a DPO, and TV
programs with SASLI rank as the top 3 of the extended list in
Figure4.

At the end of the analysis, with regard to RQ3 (what are the
effective techniquesto deliver understandable health information
to Deaf people?), we found that there are 3 effective techniques
to deliver understandable health information to Deaf people.
The information delivery in SASL including its dialectsis the
most important element of the accessible information because
it is the language that Deaf people mainly use for
communication in Cape Town, South Africa. The health drama
with combined techniques, as optimized by a DPO, helps in
simplifying complicated topics; followed by ashort presentation
and an open platform for questions and answers helps Deaf
people to debunk the health misconceptions they may have.
Pictures in combination with simple text descriptions
accompanying the hedth information helps the Deaf
informati on-acquirers construct and enhance their understanding
on the explained subject. These effective techniques will be
applied for the future design and development of the HKTS.
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Abstract

Background: Large datasets of the audit log of modern physiologic monitoring devices have rarely been used for predictive
modeling, capturing unsafe practices, or guiding initiatives on alarm systems safety.

Objective: Thispaper (1) describesalarge clinical dataset using the audit log of the physiologic monitors, (2) discusses benefits
and challenges of using the audit log in identifying the most important alarm signals and improving the safety of clinical darm
systems, and (3) provides suggestions for presenting alarm data and improving the audit log of the physiologic monitors.

Methods: At a 20-bed transplant cardiac intensive care unit, alarm data recorded via the audit log of bedside monitors were
retrieved from the server of the central station monitor.

Results. Benefits of the audit log are many. They include easily retrievable data at no cost, complete alarm records, easy capture
of inconsistent and unsafe practices, and easy identification of bedside monitors missed from a unit change of alarm settings
adjustments. Challengesin analyzing the audit log are related to the time-consuming processes of data cleaning and analysis, and
limited storage and retrieval capabilities of the monitors.

Conclusions: Theaudit logisafunction of current capabilities of the physiologic monitoring systems, monitor’s configuration,
and alarm management practices by clinicians. Despite current challengesin dataretrieval and analysis, large digitalized clinical
datasets hold great promise in performance, safety, and quality improvement. Vendors, clinicians, researchers, and professional
organizations should work closely to identify the most useful format and type of clinical datato expand medical devices log
capacity.

(JMIR Hum Factors 2016;3(2):e24) doi:10.2196/humanfactors.6427
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Introduction

Clinical alarm systems safety isanational concernin the United
States[1-7]. The US Joint Commission issued aNational Patient
Safety Goal, NPSG.06.01.01, titled, “Improve the Safety of
Clinical Alarm Systems,” which requires health care facilities
to establish alarm systems safety as a hospital priority and to
identify the most important alarm signals to manage [8].

Of all devices, physiologic monitors (also referred to asbedside
or patient monitors) were associated with the highest number
of alarmsand deathsinthe US Food and Drug Administration’s
MAUDE (Manufacturer and User Facility Device Experience)
database where atotal of 566 alarm-related deaths were reported
[9]. Past research identifies the high rate of alarms produced by
physiologic monitors [6,10-17], and alarm-related issues
continue despite device design improvements. This poses a
particular challenge for meeting the Joint Commission safety
goal. Current methods to track alarm issues and outcomes of
practice changes are time-consuming and challenging. This
paper offers an in-depth discussion of a more novel technique
for analyzing alarm data, managing alarms, and evaluating
results of alarm practice changes. This paper (1) describes a
large clinical dataset using the audit log from the physiologic
monitors, (2) discusses the benefits and challenges of using an
audit log in identifying the most important alarm signals and
improving the safety of clinical alarm systems, and (3) provides
suggestions for presenting alarm data and improving the audit
log in physiologic monitors.

Patient monitors are an essential component in critical care
treatment processes. In recent years, improvements were
incorporated into these monitors to facilitate the monitoring
process, including (1) connection to smaller portable monitors,
(2) larger monitoring displays; (3) multimeasurement modules
to capture different variables such as cardiac output and mixed
venous oxygen saturation; (4) histograms and tabular viewsfor
trended data; (5) wirelesstransmission of bedside monitor data
to central station monitors, other bedside monitors, hospital
servers, and communication devices such as phones and pagers,
(6) integration of smart alarms such as delay in aam
announcement; (7) integration of clinical protocols, such as
detection and treatment of sepsis; and (8) a variety of alarm
tone sounds and displays of color-coded messages based on
alarm priority.

Most important, modern physiologic monitors now have the
capability to log triggered alarms with associated data. On the
basis of available technical features, some can log hundreds of
thousands of data points and send themto large clinical datasets.
Unfortunately, these datasets are rarely used for predictive
modeling, personalized treatment, capturing unsafe practices,
or guiding quality initiatives, yet a growing recognition exists
among health care organizations, federal agencies, and health
care policieson theimportance of large clinical datasets[18,19].

A significant body of research exists on clinical alarm safety.
The majority of studies used structured observations or field
notes to quantify the volume and types of alarms in intensive
careunits (ICUs) [10,15-17,20,21], cardiac telemetry units[22],
adult medical surgical units [23], pediatric medical units [24],
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and emergency departments[4,25]. Although acommonly used
approach, these techniques can be problematic. The validity of
observations depends highly on observers knowledge and skills
including the knowledge of the phenomenon, the intensity
(volume and priority level) of the alarms triggered by different
devices, ability of the observer to manage that intensity, and
the number of variables under observation. Variables can go
well beyond simple quantification to include identifying all
alarming devices with the associated numbers and types of
alarms, clinician responseto alarms, sequence of alarms, patient
condition during the alarms, and the duration of the alarm or
clinician response time. The shortcomings of the observation
technique also include cases where too many aarms or
simultaneous or overlapped alarms affect the precision of the
observation. This is specifically true for observations taking
place on day shifts when patient procedures and alarms are
greater in volume. The use of non-health care professionals as
observers, not uncommon in these types of studies, can aso
limit the type and scope of data being collected [24].
Additionally, some alarm events cannot be captured by human
observations because alarms are displayed based on priority
chains, as described in the following sections of this paper.
Thus, a need exists for more objective, complete, and
comprehensive datato quantify alarms generated by monitoring
devices. The use of alarm audit data could fulfill that need.

A few studies on alarm systems safety were found to use the
available data from physiologic monitors to measure the actual
number of clinical alarms. Two of these studies retrieved and
used the audit log [14,17]. Other studies transferred these data
from the monitorsto adifferent database using software[11,12].
Nevertheless, none of these studies (1) addressed techniques
about using the large set of clinical data generated from
monitoring devices to quantify alarms; (2) described elements
of the logged data, benefits of using such data, and challenges
faced on data storage, retrieval, and analysis; or (3) provided
suggestions for improvement of the logged data in order to be
a useful source for clinicians, researches, vendors, and policy
makers. This paper addresses these gaps.

Methods

Use of an Audit Log in an Alarm Safety Project

In our previous projects on alarm systems safety we utilized
data logged from physiologic monitors to quantify alarm rates
in a 20-bed transplant cardiac ICU [15-17]. Our previous
projects examined the effect of a change in physiologic
monitors aarm parameters on decreasing the number of false
and nonactionable alarms as well as improving nurses
perceptions and attitudes toward clinical alarms. The audit log
data file was retrieved from the server of the central station
monitor of the transplant cardiac ICU for alarm rates 10 weeks
before and 10 weeks after the change in monitor parameters.
The results of these projects, as previously published [15-17],
showed a significant reduction in alarm rate. On the basis of
our experience in dataretrieval and analysis using the audit log
of alarm datafrom our previous projectsin thetransplant cardiac
ICU and from our current projectsin other adult ICUs (surgical
trauma, neuro, and medical 1CUs), the focus of this paper isto
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discuss important methodological considerations in the use of
audit data for future health and informatics projects.

Description of the Setting and Physiologic M onitors

Our 4 adult ICUs have atotal of 230 nurses and 155 beds and
are equipped with Philips IntelliVue MX800 (Koninklijke
Philips N.V, Amsterdam, the Netherlands) bedside monitors.
The central station monitor is Philips IntelliVue Information
Center iX, an information hub that allows patient information
management at the bedside, unit, and hospital levels through
information transferred from the networked bedside cardiac
monitors. Both bedside and central monitors are capable of
capturing, displaying, and storing real-time waveforms,
parameters, and alarms and are wirelessly connected to the
institution's electronic health record (Sunrise, Allscripts®
Chicago, IL, USA).

Bedside monitorsare hardwired to aswitch, which automatically
transfers the monitors' data to the central station monitor
(Information Center). The data are then routed to a Health Level
Seven (HL7) interface that converts the device data into HL7
format and sends them to the electronic health record. Wi-Fi
connectivity is only available when a transport or portable
monitor or multimeasurement module (MMS X2) is used and
is disconnected from the bedside monitor (host monitor).

The monitors generate (1) patient-related (physiologic) alarms
and (2) inoperative or technical (INOP) alarms. Technical darms
indicate the monitor's inability to appropriately measure
physiologic parameters. Alarms are announced in 2 different
areas in the bedside monitor, one for physiologic alarms and
the ather for technical alarms. When triggered, alarms flash on
both the bedside and central station monitors. Monitors display
the level of an alarm by (1) sound, (2) number of asterisks (*)
for physiologic alarms or exclamation marks (!) for technical
alarms, and (3) color of the message. Physiologic alarms have
3levelsof priority from advisory (*) to high (***), and technical
alarms have 3 levels ranging from soft (with no exclamation
mark assigned next to the alarm) to moderate (!!) to high (!!!).
Severe physiologic alarmsaredisplayed in red, whereasyellow
reflects moderate-level physiologic alarms.

Data Storage and Retrieval of the Audit L og of the
Physiologic Monitors

The audit log is a chronological record of the alarms and
clinicians' interaction with the monitors. It is stored by and
retrieved from the Information Center database. Storage period
is only 90 days, and then the Information Center begins to
overwrite the oldest data. Retrospective (oldest) data beyond
90 dayswill belost or no longer accessible. The maximum data
retrieval period at one time is 50 days and the minimum is 15
minutes. Therefore, at least 2 retrievals are necessary for 90
days' retrospective logged data (ie, 50 days and 40 days).
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There are 2 types of audit logs. The patient audit log is patient
specific and can be searched using the patient’s first or last
name, medical record number (MRN), or bed label. The unit
audit log contains unit-specific data. Search categoriesare Alerts
(alarms) and Actions (represent clinician navigation and
interaction with the monitor). Alerts search criteriainclude Red
Alarm, Yellow Alarm, Logged INOP, and Alert Sounds.
Clinician actionsinclude 21 types of actions or search criteria.
Examplesinclude Silence, Pause/Resume, M easurement On/Off,
Alarm On/Off, Alarm Limit Change, Stand By On/Off,
Admission/Discharge/Transfer, and Paced Status Changed.
After selecting the desired type of audit log, unit, and search
duration and criteria, the resulting file can be exported into
Excel (Microsoft) format for analysis.

Description of Audit Log Data

Clinicians and researchers select variables of interest to
download from the audit log. Table 1 displays an example of
selected cases of data extracted at the unit level (unit audit log).
In our transplant cardiac | CU project, we categorized alarms as
categorica and numerical. Categorical alarmsdo not have upper
or lower limits and are displayed in the log data as generated
or ended. Examples of categorical alarms include types of
premature ventricular contractions (PVCs) such as multiform
PV Csand Pair PV Cs, Run PVCsHigh, AFIB (atrial fibrillation),
and Irregular Heart Rate. All technical INOP alarms are also
categorical, such as Check Patient ID, Check Equipment, Batt
(battery) Empty, and Leads Off. Numerical alarmsare signaled
if the parameter value was above or below the current
programmed limits. Examples of these alarms include RR
(respiratory rate), HR (heart rate), Apnea, PVCsmin, ABP
(arterial blood pressure), NBP (noninvasive blood pressure),
PAP (pulmonary artery pressure), SpO, (periphera capillary
oxygen saturation), and Desat (desaturation). Some alarmsfall
under both categories. For example, Apnea alarms can be
displayed in three different messages: (1) “***Apnea
generated,” indicates cessation of respiration for longer than
the programmed apnea time, (2) “***Apnea X:YY” where
X:YY represents the apnea duration in minutes and seconds,
and (3) “***Apnea > 20 sec,” which means respiration has
stopped for more than 20 seconds.

The alarm messages in the “Alarm and Action” column (Table
1) includes (1) the priority of the alarm based on the number of
“*" or “1” signs next to the alarm, (2) name of the alarming
parameter, (3) value of the parameter when the aarm was
generated for parameters with numerical limits, (4) default or
programmed settings of the numerical parameter, and (5) status
of whether the alarm was generated or ended. Table 1 aso
presentsexamplesof “Actions’ that indicate clinician interaction
with the monitor (eg, Silence, Resume All Alarms, Peatient
transferred, Patient category set to Adult).
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Table 1. Anexample of aunit audit log.

Date Bed |abel MRN2 Alarm and Action Device name?

4/20/14 0:00:00 9115-S1 0000000 «*PAPAC 18 >16 Ended.d PIIC iX: ixsurv006
4/20/14 0:00:00 9115-S1 0000000 «*PAPd 18 >16 Generated PIIC iX: ixsurv006
4/20/14 0:00:00 9115-S1 0000000 Yellow alarm sound played.® PIIC iX: ixsurv006
4/20/14 0:00:02 9115-S1 0000000 +* ABPY 170 >160 Generated 9 PIIC iX: ixsurv006
4/20/14 0:01:05 9123-S1 0000000 ***Desatd 70 < 78 Generated.” PIICiX: ixsurv005
4/20/14 0:01:05 9123-S1 (0000000 Red alarm sound played.® PIICiX: ixsurv005
4/20/14 0:01:12 9123-S1 0000000 «x*Desat 73 < 78 ended.” PIIC iX: ixsurv005
4/20/14 0:01:16 9115-S1 0000000 «* ABPs 168 >160 Ended.? PIIC iX: ixsurv006
4/20/14 0:01:20 9123-S1 0000000 Silence! PIICiX: ixsurv005
4/20/14 0:01:40 9115-S1 0000000 *Multiform PVCS Generated.d PIIC iX: ixsurv006
4/20/14 0:01:40 9115-S1 0000000 Resume All Alarms.! PIIC iX: ixsurvO06
4/20/14 0:01:40 9117-S1 0000000 «*RRK 37 >30 Ended.9 PIIC iX: ixsurv006
4/20/14 0:01:40 9111-S1 0000000 Patient transferred to 9035-S1. PIIC iX: ixsurv006
4/20/14 0:01:42 9095-S1 0000000 Patient category set to Adult. PIIC iX: ixsurv006
4/20/14 0:01:43 9090-S1 0000000 Pacer algorithm set to Pacer Algorithm On. PIIC iX: ixsurv006
4/20/14 0:01:44 9123-S1 0000000 ECG' L eads Off Generated.™ PIIC iX: ixsurv006
4/20/14 0:01:44 9123-S1 0000000 INOP" sound played.© PIIC iX: ixsurvO06
4/20/14 0:01:59 9123-S1 (0000000 ECG L eads Off Ended.™ PIICiX: ixsurv006
4/20/14 0:02:00 9093-S1 0000000 Equipment Offline. PIIC iX: ixsurv006
4/20/14 0:02:00 9115-S1 0000000 «*PAPd 18 >16 Generated PIIC iX: ixsurv006
4/20/14 0:02:00 9093-S1 0000000 Equipment Online! PIICiX: ixsurv006
4/20/14 0:02:00 9085-S1 0000000 ST: Al Limits ST-V2° High: 1.6 ST-V2 Low: ~1.6P PIICiX: ixsurv006
4/20/14 0:02:00 9117-S1 0000000 Arrhythmia Off.9 PIIC iX: ixsurvO06
4/20/14 0:02:02 9115-S1 0000000 Pause All Alarms) PIIC iX: ixsurv006
4/20/14 0:02:02 9075-S1 0000000 Arrhy: Missed Beat OFf." PIIC iX: ixsurv006
4/20/14 0:03:00 9085-S1 0000000 $pO,® Desat Limit 78 PIIC iX: ixsurv006

3MRN is the medical record number and was presented as zeros for confidentiality purposes.
PDevice name refers to the Information Center host name (eg, PIIC iX: ixsurv006).

°PAPd: pulmonary artery pressure diastolic.

HThese are examples of yellow physiologic alarms.

®These messages appear if “Alert Sound” was selected as a search criterion from the Alerts category.
fABPs: arterial blood pressure systolic.

9Desat: desaturation.

han example of ared physiologic alarm.

These are examples of clinicians' actions. They depend on the “actions” selected from the search boxes.
Ipvc: premature ventricular contraction.

KRR: respiratory rate.

|ECG: dlectrocardiographic.

MAn example of INOP darm.
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"INOP: inoperative.

OST-V2: a segment in the electrocardiogram.

PExamples of User Action-Alarm Limit Change.

9An example of User Action—M easurement Off.

'An example of User Action—Alarm Off; Arrhy: arrhythmia
SSpOy: peripheral capillary oxygen saturation.

Results

Benefits of the Audit L og
Benefits of the audit log are many and are as follows:

Easily Retrievable Data at No Cost

The audit log dataset is easily retrievable at no cost. Persons
with legitimate accessto the data, such asresearchers, clinicians,
biomedical engineers, and device representatives, can perform
the search and obtain the data within a few minutes without
having to coordinate with the information technology
department.

Tracking of Clinicians’ I nteraction With the Monitor

Clinicians' interaction with the monitor can be tracked using
time stamps. Examples of clinicians' actions include enabling
or disabling alarms and/or measurements, silencing and pausing
alarms, and changing alarms’ limits.

Complete Records of Data

All typesof configured or programmed darmsare automatically
recorded by the Information Center in the audit log and have
no missing data. Furthermore, more complete records are
available than with observational data, as the audit log can
capture and display different values of the same parameter from
different sources, such as ABPs (systolic) or ABPm (mean), if
programmed by clinicians. These additional values provide an
objective record of the number of alarmsand likely better reflect
sources of alarm fatigue. Duplicative alarms are easy identified.
Overuse of darmscan beidentified and targeted for elimination.
Additionally, the Information Center can store different types
of electrocardiographic (ECG) and non-ECG waves in graphic
and tabular formats. This can be extremely valuableinformation
for alarm annotation.

Evaluation of Quality Initiatives

Quiality initiatives can be evaluated using audit data. The audit
log can be used to evaluate the effectiveness of different
interventions by comparing pre- and postintervention data
[16,17]. For example, evaluations could occur after best practice
education sessions on frequency and methods of changing
electrodes and the difference in “leads off” alarms. Nurse
adherence to different targeted interventions can be evaluated
[16,17].
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I dentifications of Monitors Missing Required Parameter
Changes

Managers can easily identify monitors missing any required
parameter changes, asthe audit log can identify specific bedside
monitors missing the required adjustments. For example, in one
of our previous projects[16], we found alarms on our audit log
that we thought were disabled, such as Paired PV Csor Bigeminy
PV Cs. The audit log included the bed number of the monitor
lacking the required changes.

Detection of Unsafe Limits and | nconsistent Practice

Any parameters changed to unsafe limits and inconsistencies
in practice can be identified. Setting limits for each parameter
across monitors can be easily tracked using audit data. Unit
managers can then monitor whether alarm limits were adjusted
safely for the patient's condition. Table 2 shows selected cases
with variationsinthelower limit setting for the Desat parameter
ranging from 50% to 90%. Clearly, 50% is an unsafe lower
limit for that parameter. This information can also be easily
obtained from User Action-Alarm Limit Change search
criterion.

Similarly, the audit log data may indicate inconsistenciesin the
priorities assigned to some parameters. For example, we found
that alow priority was assigned to the HR (1 asterisk) and Batt
Empty (1 exclamation mark) alarms in some cases, whereas
these were a higher priority elsewhere (2 asterisks and 2
exclamation marks). Thiswas despitethe similarity inthevalue
of the triggered alarm in the 2 priority cases in the HR limits
(eg, “*HR 153>150 Generated” and “**HR 153 >150
Generated”).

Easier Comparisons Across Studies

Finally, comparisons across alarm studies may be easier, as
alarms can be analyzed per patient days, bed, hours, or minutes,
alarm parameter, and parameter priority. With the lack of
published standards on reporting alarm rates, the audit 1og could
allow easier comparison across studies on clinical alarm safety,
specifically because different previous studies reported alarm
rates using different units of analysis.

Benefits are obvious. In comparison with the observation
technique, the use of the audit log alows cost-effective
collection of adarm data, eliminates missing aarm data,
safeguards the objectivity of the data, and, most important,
allows unique discoveries from the collected information for
analyses.
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Table2. Anexample of variationsin setting the lower limit of the Desat (desaturation) parameter.

Date Bed label Alarm and Action Device name®

7/16/14 4:57 9101-S1 x* Desat 89 < 90 Generated.” PIICiX: ixsurv007
7/28/14 21:44 9115-S1 *** Desat 87 < 88 Generated. PIICiX: ixsurv006
7/30/14 1:24 9109-S1 *** Desat 8 < 80 Generated. PIICiX: ixsurv006
8/11/14 11:59 9097-S1 *** Desat 44 < 50 Generated. PIICiX: ixsurv007
8/12/14 10:43 9113-s1 *** Desat 80 < 83 Generated. PIICiX: ixsurv006
9/5/14 21:38 9123-S1 *** Desat 0 < 78 Generated. PIICiX: ixsurv005

3Device name refers to the Information Center host name (eg, PIIC i X: ixsurv006).
PThe three starts (***) indicate that Desat (desaturation) isared or high priority alarm.

Challengesin Analyzing the Audit Log Data

Challenges exist in analyzing the audit log retrieved from the
Philips Information Center. One challengeisthat data cleaning
and analyses are time-consuming processes. For physiological
(yellow and red dlarms) and INOP technical alarms, the“aarms
and action” cell (Table 1) includes 3 (for categorical alarms) to
6 (for numerical aarms) different variables about the alarm.
These include alarm priority, name of the alarming parameter,
value of the alarming parameter that initiated the alarm, the
upper limit of the programmed setting, the lower limit of the
programmed setting, and the status of the alarm (generated vs
ended). Some technical alarms are displayed with no priority
assigned to them (eg, ECG Leads Off). To export the Excel
audit log file into IBM SPSS (IBM Corporation) for analysis,
for example, numerical and categorical alarms need to be first
separated into 2 files. Then, technical alarms without priorities
need to be filtered out from the categorical data and entered
after importing all other categorical datainto SPSS. Likewise,
numerical alarms with distinctive displays (without “>" or “<”
signs, such as Apnea X:YY) also need to be filtered out from
the numerical alarm Excel file and then entered after importing
the data into SPSS. The latter 2 cases require rearranging the
date column to provide trended, date-based alarm data.

Additionally, the generation and end times of an alarm event
are logged as separate, unconnected events. Anayzing the
duration of each alarm requires sorting the data per the MRN,
bed, date, and device name, separating the generation from the
end alarm times and then pasting correlated events together.
Data sorting is necessary, specifically because the audit log
records the end time of an alarm before the generation time for
alarms that signaled for less than a second (see Table 1, rows
1 and 2). Tracking alarm duration is acritical factor indicating
clinician responsetimeto an alarm and also contributesto alarm
fatigue, specifically for long alarms that keep beeping with no
immediate attention. Clearly, attention to detail is required in
data cleaning as missteps can result in datainterpretation errors.

Finally, the available Information Center stores data only for
90 days and allows the retrieval of 50 days of data at atime.
This limited storage and retrieval increases the required time
for data downloads, data cleaning, and analyses if separate
downloads are needed for retrospective studies. For example,
we had to retrieve alarm data 3 times, 2 for 50 days and 1 for
40 days, in order to capture all data over the 20-week project
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period. According to the vendor, an option exists for a longer
storage period with an additional purchase, but many sites may
choose the more economical version.

Discussion

Considerationsfor Presenting Alarm Data

Previous research presented the number and types of aarms,
limits of parameters, and changes in parameters’ limits
[10-13,15-17,20-23,25-27]. This information is insufficient to
inform contemporary quality initiativeson alarm safety. Alarms
are announced based on monitor features and configuration as
discussed below. The features below, which are usually absent
from clinical alarm safety studies, must be explicitly discussed
to understand alarm behaviors and for comparisons across
studies.

Loss of Connectivity

Researchers and clinicians need to understand the data storage
mechanism on servers from different vendors of cardiac
monitorsto estimate the number of alarmsmissed (if any) during
any lossesin connectivity. Data connection to the server can be
lost in cases of hardware failure or system upgrade and
maintenance. In our system, when connection to the server is
lost, the data are saved in the bedside monitor and rerouted back
to the server when the connection is restored. However, if a
patient is disconnected from the bedside monitor and connected
to the wireless transport monitor and the wireless device was
out of range, data will be lost. Cases of connectivity loss are
captured and recorded by our audit log. Thisallowstheanalysis
and reporting of reliable data.

Indication of Latching Veersus Nonlatching Alarms

When presenting alarm rates, duration, and corresponding alarm
fatigue, researchers need to identify latching and nonlatching
parameters. Some critical alarms are configured as “latching,”
which are high-priority red alarms (***) that signal nonstop
continuous audible sound even after the condition is no longer
present, requiring a clinician to silence them (eg, asystole and
ventricular fibrillation). For both latching and nonlatching
alarms (where alarm indicators reset after the condition ends)
when they are acknowledged and the condition is still present,
the audible alarm will turn off aswell asthe alarm lamp but the
flashing numeric will keep on as well as the audible reminder
(if configured to do so0). The audible reminder isrecorded as a
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separate alarm event. L atching versus nonlatching alarms affect
both the number of alarms and alarm duration.

Indication of Basic Versus Enhanced Alarms

Itisequally important to identify whether larmsare set ashasic
(standard) versus enhanced. For example, in the arrhythmia
analysis using our monitors, “Basic” capability alows the
analysis and recording of 10 different arrhythmia alarms, for
example, asystole, ventricular fibrillation, and ventricular
tachycardia. The “Enhanced” arrhythmia analysis provides 13
additional alarms, for example, nonsustained ventricular
tachycardia, supraventricular tachycardia, and run PVCs.
Therefore, identifying the monitor configuration as basic or
enhanced arrhythmia analysis would reflect the number of
expected alarms.

| dentification of Automatic Detection

Parameters set to automatic measurement or detection mode
should be reported in alarm rates. This feature allows the
monitor to detect measurements from different sources and
decreases the number of false alarms. For example, automatic
detection of respiration allowsthe monitor to adjust the detection
of the respiration automatically, and the use of “Enhanced
Asystole Detection” eliminates false asystole alarms.

Alarm Delays

Another factor to list is the use of “Smart Alarm Delay” and
the mode of the delay, which delays an alarm based on the
amount and duration over the set limit. Thiswill eliminate the
number of alarms for patients recovering from an aam
condition and appropriately decrease thetotal number of alarms.

Identification of automatic detection and alarm delay are very
important to be reported given that some alarms may last for
less than a second as shown in Table 1, which indicates lack of
clinical significance.

Pausing and Silencing Alarms

Pausing and silencing alarms affect the duration of alarms. For
example, some monitors allow “Pausing” alarms for 1 or 2
minutes or infinity (disabling the alarm). This also affects the
number of false alarms. Another notable feature is that some
systems allow “All Alarms Off for Yellow Alarms Only” and
not for red alarms, whereas others allow this function for all
types of alarms.

Priority Chain for Alarm Display

The priority chain of the alarm display affects the number of
the announced alarms. The Information Center displaysalarms
based on 3 criteriaz darm sound, number of asterisks or
exclamation marks in the message, and color of the message.
Some situations inhibit the audible and visual indication of the
alarm even when it is detected by the system and recorded in
the audit log. These include cases of concurrent alarms where
the system displaysthe most seriouslife-threatening event with
highest priority based on a default priority algorithm using 3
chains (PVC aarms, beat detection, and rate alarm). All other
alarms go to adisplay accessible by a drop-down list. Only the
highest-priority alarm condition in each chainisannounced. In
cases of active high-priority alarm, the lower-priority alarms
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will not be announced. For example, when aPaired PV Csalarm
is active and announced and another Pause alarm is detected,
the Pause alarm will not be displayed because it is a lower
priority. If another condition from another priority chain with
equal severity is detected, the monitor will announce the more
recent alarm. If the alarm is silenced by the nurse but the
condition persists, the alarm message will till be displayed but
without sound. The system first announces any unacknowledged
red alarms, then any unacknowledged long yellow in the
presence of any other yellow or INOP alarms, then short yellow
alarms, then hard INOP technical alarms, followed by the soft
INOP technical alarms (alarms with no priority assigned to
them).

In cases of more than 1 alarm, an arrow to the right of the
message on the central station monitor must be clicked to display
alist of al active alarms with their times. A maximum of 10
alarms are displayed. In observation methods these alarms may
be missed.

Alarms Not Amenable to the Changes (Hard Stops)

Monitors include default settings not amenable to changes by
theclinician and only amonitor representative can change them.
Examples of these settings are TachyClamp, BradyClamp,
TachyExtract, and BradyExtract. Changing the default settings
of al other aarms affects the alarm rate; therefore, researchers
will want to indicate the types of alarms not amenable to
clinician changes.

Audible Versus I naudible Alarms

Studies need to identify and present the types of audible versus
inaudible alarms [13]. For example, in our system there is no
sound for soft INOP or technical alarms such as Noisy ECG.
Although the audit log records the 2 types of alarms, audible
alarms contribute more toward alarm fatigue.

Connecting Alarmsto the Appropriate Settings and
Reliable Monitoring Conditions

Different conditions may affect the number of aarms,
specifically in cases of inappropriate settings made by the
clinician or conditions affecting the reliability of the monitoring
process. For example, clinicians must select the appropriate
primary and secondary |leads for the monitor to compute heart
rate and to detect arrhythmias. The arrhythmia system
automatically classifies patients' beats. To decrease the chance
of false alarms, nurses need to modify the ECG analysis and
relabel any arrhythmia beats if they do not agree with the way
the monitor is classifying beats. For patientswith a pacer, nurses
should make sure that the system is not counting pacer spikes
as QRS complexes.

When ST and STE (ST-segment elevation) are both in use,
redundant ST Elevation alarms will occur. Additionally,
different values will be obtained because of the different
measurement points (isotonic point and ST point are used for
ST measurement and isotonic point and the J point are used for
STE measurement). Thus, nurses need to adjust the ST
measurement pointsfor appropriate ST detection. Because STE
alarms are patient specific, nurses need to set the 12 leads
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appropriately for each individual patient. Each ST lead hasits
own alarm limits.

In some conditions, monitoring some parameters is unreliable
and may cause false nonactionable alarms. For example, ST
monitoring is not recommended in cases when arrhythmias such
as atrial flutter and fibrillation are present.

In the future and for the most accurate data, researchers will
want to correlate alarm data to these conditions. None of the
past studies on alarm safety correlated alarm data to whether
appropriate monitor settings or reliable monitoring conditions
existed.

Suggestions for |mprovement and Future Directions

The audit log is acombination of the current capabilities of the
monitoring systems, the specific monitor configuration, and
alarm management practices and clinician-monitor interaction.
The recommendations below can improve monitoring systems
practices and optimize audit log data for performance
improvement and research.

First, improvement in capabilities of the monitors for data
recording, storage, and presentation is recommended. Vendors
need to enhance the standard recording, retrieval, and storage
capabilities of monitors. Longer recording and storage periods
are recommended. Adding the list of parameters (eg, HR, RR,
PVC) to the Alerts search criteria would be very helpful for
researchers and clinicians. Each alarm event (from generation
to end) should be displayed as 1 event versus 2 events to more
easily identify duration of the event. This would aso help
assessments on aarms lasting for more than a specific time
period (eg, 1 minute). Additionally, the use of common
nomenclature for alarm reporting between vendors is highly
recommended to facilitate comparison across studies. This
includes visual and audible alarm indicators, alarm behaviors,
and meaning of parameters and alarms (eg, TachyClamp, basic
vs enhanced).

Second, expand thetracking of user interaction with the monitor.
Although monitors have some capabilitiesto track user actions,
such asdisabling or enabling alarms and measurement, they do
not track screens visited. Tracking user interactions with the
monitor viathe visited screens could capture unsafe practices,
common approaches in addressing alarms, best practices,
work-arounds, and i ndicate clinician knowledge of the monitors
capabilities. Previous studies used direct observation technique
or surveillance cameras to capture clinician response to alarms
[11,12], but few studies are available about how nursing practice
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and monitor configuration affect the number of alarms. For
example, the use of the* Extending Alarm Pause Time Function”
can extend the alarm pause time in cases of long procedures
and decrease the number of false alarms.

Third, thereisaneed for expanding the audit log. Incorporating
clinical data such as medications or laboratory values into the
audit log could be extremely useful for more accurate alarm
annotation. Monitoring devices and the audit log are currently
based on univariate alarm algorithmswhere alarms are triggered
based on the limits of one parameter. However, modern monitors
allow detection of trended data (changes in a parameter over
time). The use of trended data and interconnection among
parameters and variables (multivariate), such as medications
and laboratory data, is more clinically meaningful than a given
observation in a specific time period. These have not yet been
extensively examined [26,27].

Additionally, the Information Center has capabilities of storing
different types of ECG and non-ECG waves in graphic and
tabular formats, but thisvaluableinformation is stored separately
from the audit log. The waveform file can be only printed and
not stored or exported in e-format. Storing the waveforms
information along with each alarm, especialy for lethal alarms,
would bevaluablefor classifying false versus actionable alarms.

Limitations

Our analysis and audit log description represents the offering
of one vendor. Although this particular vendor is one of the
largest physiologic monitor vendors, the capabilities of other
cardiac monitoring devices from other vendors may be different.

Conclusions

The majority of modern medical devices such as cardiac
monitors, smart infusion pumps, and ventilators are capable of
automatically logging data. The audit log provides an objective,
detailed data source of recorded alarms’ events and types and
user'sactions. Unfortunately, this capability is not well utilized
in research and quality initiatives. The information presented
in this paper may encourage providers, clinicians, and
researchers to use audit logs more frequently in research and
performance improvement studies.

Despite current challenges in data storage, retrieval, and
analysis, large digitalized clinical datasets hold great promise
for safety and quality of care. Vendors, clinicians, researchers,
and professional organizations should work closely to identify
the most useful format and type of clinical data to expand
medical devices log capacity.
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Abstract

Background: Thereis asignificant trend toward implementing health information technology to reduce administrative costs
and improve patient care. Unfortunately, little awareness exists of the challenges of integrating information systemswith existing
clinical practice. The systematic integration of clinical processeswith information system and health information technology can
benefit the patients, staff, and the delivery of care.

Objectives: This paper presents a comparison of the degree of understandability of patient journey models. In particular, the
authors demonstrate the value of a relatively new patient journey modeling technique called the Patient Journey Modeling
Architecture (PaJMa) when compared with traditional manufacturing based process modeling tools. The paper also presents
results from asmall pilot case study that compared the usability of 5 modeling approaches in amental health care environment.

Method: Five business process modeling techniques were used to represent a sel ected patient journey. A mix of both qualitative
and quantitative methods was used to eval uate these models. Techniquesincluded afocus group and survey to measure usability
of the various models.

Results: The preliminary evaluation of the usability of the 5 modeling techniques has shown increased staff understanding of
the representation of their processes and activities when presented with the models. Improved individual role identification
throughout the model swas al so observed. The extended version of the PalMamethodol ogy provided the most clarity of information
flowsfor clinicians.

Conclusions: The extended version of PaJMa provided a significant improvement in the ease of interpretation for clinicians
and increased the engagement with the modeling process. The use of color and its effectivenessin distinguishing the representation
of roleswas a key feature of the framework not present in other modeling approaches. Future research should focus on extending
the pilot case study to a more diversified group of clinicians and health care support workers.

(IMIR Hum Factors 2016;3(2):€20) doi:10.2196/humanfactors.5640

KEYWORDS
patient-journey modeling; process modeling; technology integration; health information technology

overall time savings for clinicians [1]. For these reasons, there
have been numerous initiatives to spur investment in HIT
including computerized order entry systems, el ectronic medical
records (EMRs), and more complex clinical decision support
systems [2-4]. Governments, hospitals, clinics, and individual
physicians have been investing millions of dollars into HIT.
This is a large investment for both the government and

Introduction

Health I nfor mation Technology Prospect